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Abstract 77 

Background: The omega-3 long chain polyunsaturated fatty acid, docosahexaenoic 78 

acid (DHA), has proven effective at reducing fat storage in animal studies.  However, 79 

a systematic review of human trials found a lack of quality data to support or refute 80 

this hypothesis. 81 

Objective: To determine whether maternal DHA supplementation during the last half 82 

of pregnancy results in a lower body mass index (BMI) and percentage body fat mass 83 

(%BF) of children.  84 

Design: A follow-up of children at 3 and 5 years of age born to mothers enrolled in 85 

the DOMInO (DHA to Optimize Mother Infant Outcome) double-blind randomized 86 

controlled trial, in which women with a singleton pregnancy were provided with 87 

DHA-rich fish oil capsules (providing 800 mg DHA/d) or vegetable oil capsules 88 

(control group) in the second half of pregnancy. Primary outcomes were BMI z-score 89 

and %BF at 3 and 5 years of age. Potential interactions between prenatal DHA and 90 

PPARγ genotype, as a measure of genetic predisposition to obesity, were investigated.  91 

Results: 1614 children were eligible for the follow-up and 1531 (95%) consented and 92 

are included in the analysis. BMI z-scores and %BF of children in the DHA group did 93 

not differ from children in the control group at either 3 years (BMI z-score, adjusted 94 

mean difference 0.03, 95% CI -0.07 to 0.13, p=0.61; %BF, adjusted mean difference -95 

0.26, 95% CI -0.99 to 0.46, p=0.47) or 5 years (BMI z-score, adjusted mean 96 

difference 0.02, 95% CI -0.08 to 0.12, p=0.66; %BF, adjusted mean difference 0.11, 97 

95% confidence interval -0.60 to 0.82, p=0.75). No treatment effects were modified 98 

by the PPARγ genotype of the child. 99 
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Conclusions:  Maternal intake of DHA-rich fish oil during pregnancy does not affect 100 

the growth or body composition of children at 3 or 5 years, independent of genetic 101 

predisposition to obesity.   102 
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Introduction 103 

The prevalence of overweight and obesity has reached epidemic proportions in many 104 

Western countries, and there is an urgent need for effective intervention strategies. 105 

Compelling epidemiological and experimental animal data has indicated that 106 

overweight and obesity have early life origins, and that exposure to an inappropriate 107 

balance of nutrients during fetal life and/or in early infancy can permanently alter the 108 

properties of fat cells and predispose an individual to fatness (1,2). This has led to 109 

suggestions that nutritional interventions during the perinatal period are likely to be 110 

more effective than those later in life in producing lifelong reductions in body fat 111 

mass and improvements to metabolic health (3). 112 

 113 

In this context, there has been growing interest in an increased supply of omega-3 (n-114 

3) long chain polyunsaturated fatty acids (LCPUFA) during the perinatal period as a 115 

potential means to limit fat deposition and improve metabolic health outcomes in 116 

children (4,5). This is based on results from studies conducted in vitro and in adult 117 

humans and rodents which have demonstrated that the n-3 LCPUFA, in particular 118 

docosahexaenoic acid (DHA), inhibit the hyperplastic and hypertrophic expansion of 119 

fat depots and improve insulin sensitivity (6-11).  120 

 121 

Despite these apparent benefits of n-3 LCPUFA,  clinical studies designed to evaluate 122 

the effect of maternal DHA supplementation on body fat mass in children have 123 

produced mixed results (12). However, these studies have had a number of 124 

methodological limitations, including high rates of attrition, lack of statistical power 125 

and absence of appropriately sensitive measures of body composition (12). In 126 

addition, the potential impact of a genetic predisposition to obesity/type 2 diabetes on 127 



7 
 

the relationship between metabolic outcomes and maternal DHA supplementation has 128 

not yet been investigated.  129 

 130 

We here report on the follow-up of children of Adelaide mothers who participated in 131 

the DOMInO (DHA to Optimize Mother Infant Outcome) trial (13) at 3 and 5 years of 132 

age. The primary objective of this study was to determine the effect of increased 133 

prenatal DHA on body mass index (BMI) z-score and percentage body fat (%BF) in 134 

children. A secondary objective was to determine whether the effects of maternal 135 

DHA supplementation on these outcomes were dependent on the child’s genotype for 136 

the Pro/Ala single nucleotide polymorphism (SNP) in the PPARγ gene, which has 137 

been strongly associated with genetic predisposition to obesity and type 2 138 

diabetes(14).  139 

 140 

Subjects and Methods 141 

Study design  142 

This study involved a follow-up of children born to mothers enrolled in a registered, 143 

multi-center, double-blind, RCT called the DOMInO trial (ACTRN12605000569606, 144 

3 and 5 year follow-up: ACTRN12611001127998). The DOMInO trial methods have 145 

been published previously (13). Briefly, women with singleton pregnancies <21 146 

weeks’ gestation were randomized to the treatment or control group using a computer 147 

driven service, stratified by center and parity. Women allocated to the treatment group 148 

received three 500 mg capsules per day of DHA-rich fish oil (~800 mg/d DHA and 149 

100 mg/d eicosapentaenoic acid; Incromega 500 TG, Croda Chemicals, East 150 

Yorkshire, England) and women in the control group received three 500 mg vegetable 151 

oil capsules (without DHA) per day. Women were asked to take the capsules from 152 
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study entry until birth. The eligible children (n=1614, 97%) for the 3 and 5 year 153 

follow-up were born to all 1660 women enrolled in Adelaide centers (Flinders 154 

Medical Centre or Women’s and Children’s Hospital) and had not withdrawn from 155 

the study or died. All procedures were conducted in accordance with the study 156 

protocol and approved by the local institutional boards of each center. Written 157 

informed consent was obtained from the guardian of each child. 158 

 159 

Outcome Assessments 160 

Anthropometric assessments, BMI z-score and %BF, were conducted at the hospital 161 

study centers between 25 March 2009 and 4 October 2013. Assessments were 162 

administered by trained research staff blinded to treatment group allocation.  163 

 164 

Anthropometric assessments  165 

Body weight was measured without shoes and in underwear to the nearest 100g using 166 

electronic scales. Height without shoes was measured using a stadiometer. Waist-, 167 

head- and hip-circumferences were measured using a non-stretch tape. All measures 168 

were recorded in duplicate, or triplicate if the first 2 measures differed by >0.1kg 169 

(weight) or >0.5cm (height/girths), and averaged for analysis. Weight and height 170 

measurements were used to calculate BMI (weight in kg/height in metres2). The 171 

measures for each child were compared with standardized reference charts for the 172 

child’s age and sex to calculate their z-scores (15,16). Corrected ages were used for 173 

children born preterm (<37 weeks' gestation). The number of children classified as 174 

underweight (BMI<10th percentile), overweight (BMI>85th percentile) and obese 175 

(BMI> 90th percentile) was determined at each age. 176 

 177 
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Total fat and fat-free mass were assessed using Bioelectrical Impedance Spectroscopy 178 

(BIS) (17). Fat-free mass was derived from the measure of total body water using an 179 

equation previously validated for use in paediatric populations (18,19). %BF was then 180 

determined by subtracting the fat-free mass from the body weight, dividing by body 181 

weight and multiplying by 100. 182 

 183 

Systolic, diastolic and mean arterial blood pressure at 5 years of age were assessed in 184 

duplicate using a DINAMAP Procare V100 monitor (GE Health Care) with an 185 

appropriate sized cuff.  186 

 187 

Blood sample collection and processing 188 

Children were instructed to fast for at least 4 hours prior to their 5 year clinic 189 

appointment and blood samples (~5ml) were collected into tubes treated with EDTA, 190 

kept on ice until transfer to the laboratory and processed (centrifugation at 1,500 x g 191 

for 30 minutes at 4°C) within 24 hours. The plasma and buffy coat fractions were 192 

separated into aliquots and frozen at –80°C, and the red blood cells washed in sterile 193 

saline, lipids extracted into chloroform and used to assess fatty acid composition of 194 

the phospholipids as previously described (20). 195 

 196 

Determination of insulin sensitivity 197 

Glucose and insulin concentrations in the 5 year plasma samples were determined 198 

using an enzymatic assay (Thermo Electron, Pittsburgh, PA)  and human 199 

ultrasensitive insulin ELISA kit (ALPCO Diagnostics, Salem, NH) respectively. The 200 

intra- and inter-assay coefficients of variation for both assays were <10%. The fasting 201 

glucose and insulin measures were used to calculate the HOMA-IR index for each 202 

child according to the equation [glucose (mmol/l) x insulin (mU/l)]/22.5.  203 



10 
 

PPARγ genotyping  204 

DNA was extracted from 200µl of the 5 year buffy coat samples using the Qiagen 205 

DNA extraction kit (Qiagen Pty Ltd, Doncaster, Australia). PPAR genotyping of 206 

each child was undertaken by the Australian Genome Facility (AGRF) using TaqMan 207 

technology (Applied Biosystems, Foster City, CA, USA).  208 

 209 

Other measures 210 

In the DOMInO trial, maternal weight, height and BMI, parity, education and 211 

smoking status were collected at enrolment.  Weight and height of the biological 212 

mother of the child were re-measured by clinic staff at the time of the 5year 213 

assessments. Questions on home environment, education and employment of the 214 

primary carer and whether the participant had requested to be unblinded were also re-215 

asked at the time of the 3 and 5 year assessments.  216 

 217 

At both the 3 and 5 year follow-up, detailed information on care outside the home and 218 

general health of the child was collected at the clinic appointment. Information on 219 

feeding practices in the first 6-12 months, family food environment and the child’s 220 

habitual dietary intake, physical activity and screen time was collected using a 221 

structured questionnaire completed by the primary carer.  222 

 223 

Sample size and statistical analysis 224 

Follow-up of the 1660 children born to women enrolled in Adelaide-based centers 225 

would provide over 90% power to detect a 3% relative reduction in the mean BMI 226 

(16kg/m2 to 15.52kg/m2, standard deviation 1.6kg/m2), and a 2% absolute reduction in 227 

the mean %BF (25% to 23% at 3 years and 21% to 19% at 5 years, standard deviation 228 

5%), in boys and girls separately, allowing for 10% loss to follow-up (alpha=0.05). 229 
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All analyses were performed on an intention-to-treat basis, according to the treatment 230 

group allocated at randomization. Multiple imputation was performed separately by 231 

treatment group using chained equations to create 100 complete datasets for analysis, 232 

assuming that data were missing at random. The effect estimates from the imputed 233 

datasets were combined using Rubin’s rules (21). The primary analysis was based on 234 

imputed data and included all participants who consented to the follow-up study. 235 

Sensitivity analyses were performed on the available data and on imputed data for all 236 

1660 children born to women enrolled in Adelaide-based centers. All analyses 237 

produced similar results and only the results of the primary analysis are presented. 238 

 239 

Continuous outcomes were analyzed using linear regression models, with treatment 240 

effects expressed as differences in means. For continuous outcomes that were log 241 

transformed prior to analysis, treatment effects are expressed as ratios of geometric 242 

means on the original scale. Binary outcomes were analyzed using log binomial 243 

regression models, with treatment effects expressed as relative risks (RRs). For 244 

outcomes measured at both 3 and 5 years, the repeated measurements were taken into 245 

account using generalized estimating equations, with treatment effects estimated at 246 

each time point separately. A priori secondary analyses were performed to test for 247 

effect measure modification by sex and PPARγ genotype.  248 

 249 

Both unadjusted and adjusted analyses were performed, with adjustment for the 250 

stratification variables, center and parity, as well as pre-specified variables 251 

depending on the outcome that included the child’s sex and PPARγ genotype and the 252 

mother’s secondary education, further education, smoking status and BMI at 253 

enrolment. Statistical significance was assessed at the 2-sided P<0.05 level. No 254 
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adjustment was made for multiple comparisons and results of secondary analyses 255 

should be interpreted with caution unless highly significant.  256 

 257 

Post-randomization child demographics and clinical characteristics were compared 258 

between treatment groups based on the available data using chi-square tests for 259 

categorical variables, Mann-Whitney U tests for continuous variables and log Poisson 260 

regression for count variables. All analyses followed a pre-specified statistical 261 

analysis plan and were performed using SAS version 9.3 (Cary, NC, USA). 262 

 263 

Results 264 

Participant flow and baseline characteristics 265 

Participant flow is shown in Figure 1. A total of 1531 families consented to the 3 and 266 

5 year follow-up (92.2% of the 1660 originally enrolled in Adelaide centers and 267 

94.9% of the 1614 invited to participate). BMI z-scores and %BF were determined for 268 

1468/1531 (95.9%) and 1269/1531 (82.9%) children respectively at 3 years and 269 

1352/1531 (88.3%) and 1120/1531 (73.2%) children respectively at 5 years. The 270 

amount of missing data requiring imputation was similar between the treatment 271 

groups.  272 

 273 

The sociodemographic characteristics of the families in the subset consenting to 274 

follow-up were comparable between the treatment groups at baseline (Table 1) and at 275 

3 and 5 years (Supplementary Table 1). The distribution of PPARγ genotypes in the 276 

children was similar between groups (Table 1).  277 

 278 

BMI z-score and %BF 279 
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The BMI z-scores of children in the DHA group did not differ from the control group 280 

at either 3 years (Table 2; adjusted mean difference 0.03, 95% CI -0.07 to 0.13, 281 

P=.61) or 5 years (Table 2; adjusted mean difference 0.02, 95% CI -0.08 to 0.12, 282 

P=.66). The %BF was also not different between children in the DHA and control 283 

groups at either 3 or 5 years (Table 2, 3 years, adjusted mean difference -0.26, 95% 284 

CI -0.99  to 0.46, P=.47; 5 years, adjusted mean difference 0.11, 95% CI -0.60  to 285 

0.82,  P=.75). There were no significant interactions between treatment group and 286 

either sex or PPARγ genotype in relation to BMI z-score or %BF at 3 or 5 years of 287 

age (data not shown).There was no difference in the proportion of children classified 288 

as overweight or obese between the treatment groups at either 3 or 5 years (Table 2).  289 

 290 

Other anthropometric outcomes 291 

Bodyweight and height z-scores were similar between groups, as was the average 292 

weight gain between 3 and 5 years of age (Table 2). Hip and waist circumferences 293 

and waist circumference z-scores were also not different between the treatment 294 

groups at either 3 or 5 years (Table 2). The waist:hip ratio was slightly higher in the 295 

DHA group compared to the control group at 3 years (adjusted mean difference, 0.00, 296 

95% CI 0.00 to 0.01, P=.04), but was not different between groups at 5 years (P=.43). 297 

Total and percentage fat-free mass, total body water and the impedance index was not 298 

different between groups at either 3 or 5 years (Table 2). Head circumference, head 299 

circumference z-score and the change in head circumference between 3 and 5 years 300 

were also similar between groups (Table 2). 301 

 302 

 303 

Insulin sensitivity at 5 years of age 304 
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In both adjusted and unadjusted analyses, insulin resistance at 5 years of age, as 305 

assessed by HOMA-IR, was higher in children in the DHA group compared to 306 

controls (Table 3;adjusted ratio of geometric means, 1.20, 95% CI 1.04 to 1.39, 307 

P=.01). Fasting insulin levels were also higher in the DHA group (adjusted ratio of 308 

geometric means, 1.17, 95% CI 1.03 to 1.33, P=.02). There was an interaction 309 

between treatment group and sex for fasting glucose concentrations (P=.03), such that 310 

boys in the DHA group had higher fasting glucose concentrations than boys in the 311 

control group (adjusted mean difference 0.21, 95% CI 0.01 to 0.42, P=.04), however 312 

there were no differences between groups in girls. Similar effects were observed 313 

for both fasting insulin concentrations and HOMA-IR. Boys in the DHA group had 314 

significantly higher mean HOMA-IR (adjusted ratio of geometric means 1.35, 95% CI 315 

1.11 to 1.65, P=.003) and fasting insulin levels (adjusted ratio of geometric means 316 

1.26, 95% CI 1.05 to 1.51, P=.01) compared with the control group, while no 317 

differences were seen for girls, however, the interactions between treatment and 318 

sex were not significant for HOMA-IR (P=.13) or fasting insulin (P=.28).  All 319 

results were independent of the PPARγ genotype of the child. 320 

 321 

Other post-randomization variables 322 

More families from the control group had requested to be un-blinded compared with 323 

the DHA group at both the 3 and 5 year time-points, but these represented <10% of 324 

the cohort. Maternal and paternal BMI at baseline and at the time of the 3 and 5 year 325 

follow-up was also similar between groups (Supplementary Table 1).  326 

 327 

There were no significant differences between groups in frequency of hospitalizations 328 

or diagnosis of any medical conditions between birth and 5 years (Supplementary 329 
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Table 2) or habitual dietary intake, family food environment or reported levels of 330 

physical activity or screen time at either 3 or 5 years (Supplementary Table 3). 331 

Systolic, diastolic and mean arterial blood pressure and fatty acid composition of red 332 

blood cell phospholipids at 5 years of age were also similar between groups 333 

(Supplementary Table 4). 334 

 335 

Discussion 336 

The results of this study do not support the hypothesis that increasing maternal DHA 337 

intake by 800mg/day during the second half of pregnancy can influence body weight, 338 

BMI z-score or body fat mass of the children either positively or negatively.   We 339 

have many reasons to have a high degree of confidence in our findings. The DOMInO 340 

trial is the largest RCT of DHA supplementation during pregnancy, and has high 341 

retention and long-term follow-up rates of the children. It is also the first study to 342 

include two measures of obesity/body fat mass, i.e. BIS and BMI z-score, at two ages 343 

and to investigate the potential impact of child genotype on their response to the 344 

prenatal DHA intervention.  345 

 346 

The percentage of DOMInO children classified as overweight or obese, >30% at 3 347 

years and >25% at 5 years, is similar to figures reported in previous studies of pre-348 

school children in South Australia by us (22) and others (23), indicating that this 349 

study population is representative of the general Australian pediatric population.  Our 350 

new data confirm that the percentage of overweight and obese children in Australia 351 

remains high at 5 years of age, despite the fact that this is considered to be a period of 352 

increased physical activity and lower BMI/fat mass which precedes the adiposity 353 

rebound (24).  354 
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 355 

Our study suggests a possible negative effect of prenatal DHA supplementation on 356 

waist:hip ratio and insulin sensitivity. An increased waist circumference has 357 

previously been reported in children at 2.5 years whose mothers were supplemented 358 

with DHA during lactation (5). While ours is the first study to determine the effect of 359 

prenatal DHA supplementation on insulin sensitivity, our findings are unexpected 360 

given existing data from in vitro and experimental animal studies suggesting that 361 

DHA increases insulin sensitivity (25,26). While it is possible that the observed 362 

differences in insulin sensitivity and waist:hip ratio may indicate a true underlying 363 

adverse effect of DHA supplementation, these were secondary outcomes and as such  364 

require confirmation. It is also important to note that the differences between groups 365 

were small and that the measures in both groups fell within the normal range.   366 

 367 

The PPARγ Pro12Ala SNP is present in ~20% of Caucasian populations and has been 368 

consistently associated with a reduced risk of obesity and type 2 diabetes in 369 

epidemiological studies (14,27). While there were no significant interactions between 370 

PPARγ genotype and treatment in our study, we were likely underpowered to detect 371 

such interaction effects, and further studies will be needed to explore possible 372 

interactions.  373 

 374 

In light of the fact that ~70% of pregnant women in Adelaide are now consuming 375 

nutritional supplements which provide at least some DHA, it is encouraging that this 376 

long-term follow-up of the DOMInO trial showed no detrimental effects of maternal 377 

DHA supplementation on childhood growth or body composition. These data, 378 

together with the absence of significant effects on development in this same study 379 
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population at 4 years(28), support the safety of high-dose DHA supplements in 380 

pregnancy for the long term health of the child. 381 

 382 

Conclusion  383 

The results of this follow-up study provide no evidence to support the hypothesis that 384 

increasing maternal DHA intake during the second half of pregnancy influences body 385 

weight, BMI or body fat mass of the children, at least up to 5 years of age. We cannot 386 

extend our conclusion to suggest that maternal DHA intake does not influence later 387 

fat deposition in the child, however, it seems that any effects on growth are likely 388 

small, and are far outweighed by the influence of other factors, such as genetics and 389 

environment, experienced by the child after birth. This trial therefore provides the 390 

most robust data to date that maternal DHA supplementation during pregnancy is not 391 

an effective strategy by which to reduce the population burden of childhood obesity. 392 

 393 

 394 

Acknowledgements 395 

The following Women’s and Children’s Health Research Institute (Adelaide SA, 396 

Australia) staff assisted in the 3 and 5 year follow-up of the DOMInO trial: Helen 397 

Loudis, Daniela Calderisi, Jacki Aldis, Elizabeth Strahan, Jo Collins, Karen Best, 398 

Heather Garreffa, Pamela Sim and Jing Zhou; as well as staff at the Data Management 399 

& Analysis Centre, School of Population Health, The University of Adelaide, 400 

Adelaide, Australia, in particular Jennie Louise, who assisted Dr Yelland in the 401 

statistical analysis.   Professor Makrides and Dr Yelland had full access to all the data 402 

in the study and take responsibility for the integrity of the data and the accuracy of the 403 

data analysis. 404 



18 
 

 405 

Original DOMInO trial Steering Committee: Maria Makrides (chair); Robert A 406 

Gibson (deputy chair), Andrew J McPhee, Lisa N Yelland, Julie Quinlivan, Philip 407 

Ryan.   408 

 409 

Author Contributions: BSM, RG, MM, AM, LT and RM designed the research; 410 

BSM and MM conducted research; LY performed the statistical analysis; BM, RG 411 

and MM wrote the paper; BSM had primary responsibility for final content. All 412 

authors read and approved the final manuscript. 413 



19 
 

REFERENCES 

 

1. McMillen IC, Robinson JS. Developmental Origins of the Metabolic 

Syndrome: Prediction, Plasticity, and Programming. Physiol Rev. 

2005;85(2):571-633. 

2. Muhlhausler BS, Smith SR. Early-life origins of metabolic dysfunction: role 

of the adipocyte. Trends Endocrinol Metab. 2009;20(2):51-57. 

3. Muhlhausler BS, Gugusheff JR, Ong ZY, Vithayathil MA. Nutritional 

approaches to breaking the intergenerational cycle of obesity. Can J Physiol 

Pharmacol. 2013;91(6):421-428. 

4. Hauner H, Vollhardt C, Schneider KT, Zimmermann A, Schuster T, Amann-

Gassner U. The impact of nutritional fatty acids during pregnancy and 

lactation on early human adipose tissue development. Rationale and design of 

the INFAT study. Ann Nutr Metab. 2009;54(2):97-103. 

5. Lauritzen L, Hoppe C, Straarup EM, Michaelsen KF. Maternal fish oil 

supplementation in lactation and growth during the first 2.5 years of life. 

Pediatr Res. 2005;58(2):235-242. 

6. Flachs P, Rossmeisl M, Bryhn M, Kopecky J. Cellular and molecular effects 

of n-3 polyunsaturated fatty acids on adipose tissue biology and metabolism. 

Clin Sci (Lond). 2009;116(1):1-16. 

7. Ailhaud G, Massiera F, Weill P, Legrand P, Alessandri JM, Guesnet P. 

Temporal changes in dietary fats: role of n-6 polyunsaturated fatty acids in 

excessive adipose tissue development and relationship to obesity. Prog Lipid 

Res. 2006;45(3):203-236. 



20 
 

8. Al-Hasani H, Joost H-G. Nutrition-/diet-induced changes in gene expression 

in white adipose tissue. Best Pract Res Clin Endocrinol Metab. 

2005;19(4):589-603. 

9. Masden L, Koefoed Petersen R, Kristiansen K. Regulation of adipocyte 

differentiation and function by polyunsaturated fatty acids. Biochimica et 

Biophysica Acta. 2005;1740:266-286. 

10. Semple RK, Chatterjee VKK, O'Rahilly S. PPAR{gamma} and human 

metabolic disease. J Clin Invest. 2006;116(3):581-589. 

11. Gray B, Steyn F, Davies PS, Vitetta L. Omega-3 fatty acids: a review of the 

effects on adiponectin and leptin and potential implications for obesity 

management. Eur J Clin Nutr. 2013;67(12):1234-1242. 

12. Muhlhausler BS, Gibson RA, Makrides M. Effect of long-chain 

polyunsaturated fatty acid supplementation during pregnancy or lactation on 

infant and child body composition: a systematic review. Am J Clin Nutr. 

2010;92(4):857-863. 

13. Makrides M, Gibson RA, McPhee AJ, Yelland L, Quinlivan J, Ryan P. Effect 

of DHA supplementation during pregnancy on maternal depression and 

neurodevelopment of young children: a randomized controlled trial. JAMA. 

2010;304(15):1675-1683. 

14. Galbete C, Toledo E, Martinez-Gonzalez MA, Martinez JA, Guillen-Grima F, 

Marti A. Pro12Ala variant of the PPARG2 gene increases body mass index: 

An updated meta-analysis encompassing 49,092 subjects. Obesity. 

2013;21(7):1486-1495. 

15. WHO Multicentre Growth Reference Study Group. WHO Child Growth 

Standards: Length/height-for-age, weight-for-age, weight-for-length, weight-



21 
 

for-height and body mass index-for-age: Methods and development. Geneva: 

World Health Organization; 2006. 

16. de Onis M, Onyango AW, Borghi E, Siyam A, Nishida C, Siekmann J. 

Development of a WHO growth reference for school-aged children and 

adolescents. Bull WHO. 2007;85(9):660-667. 

17. Ellis KJ, Shypailo RJ, Wong WW. Measurement of body water by 

multifrequency bioelectrical impedance spectroscopy in a multiethnic 

pediatric population. Am J Clin Nutr. 1999;70:847-853. 

18. Kushner RF, Schoeller DA, Fjeld CR, Danford L. Is the impedance index 

(ht2/R) significant in predicting total body water? Am J Clin Nutr. 

1992;56(5):835-839. 

19. Goran MI, Kaskoun MC, Carpenter WH, Poehlman ET, Ravussin E, 

Fontvieille AM. Estimating body composition of young children by using 

bioelectrical resistance. J Appl Physiol. 1993;75(4):1776-1780. 

20. Gibson RA, Neumann MA, Makrides M. Effect of increasing breast milk 

docosahexaenoic acid on plasma and erythrocyte phospholipid fatty acids and 

neural indices of exclusively breast fed infants. Eur J Clin Nutr. 

1997;51(9):578-584. 

21. Rubin D. Multiple imputation for nonresponse in surveys. New York: Wiley & 

Sons; 1987. 

22. Zhou SJ, Gibson RA, Gibson RS, Makrides M. Nutrient intakes and status of 

preschool children in Adelaide, South Australia. Med J Aust. 

2012;196(11):696-700. 

23. Vaska VL, Volkmer R. Increasing prevelence of obesity in South Australian 

4-year olds: 1995-2002. J Paediatr Child Health 2004;40:353-355. 



22 
 

24. Howe LD, Tilling K, Benfield L, et al. Changes in ponderal index and body 

mass index across childhood and their associations with fat mass and 

cardiovascular risk factors at age 15. PLoS One. 2010;5(12):0015186. 

25. Oster RT, Tishinsky JM, Yuan Z, Robinson LE. Docosahexaenoic acid 

increases cellular adiponectin mRNA and secreted adiponectin protein, as well 

as PPARgamma mRNA, in 3T3-L1 adipocytes. Appl Physiol Nutr Metab. 

2010;35(6):783-789. 

26. Buettner R, Parhofer KG, Woenckhaus M, et al. Defining high-fat-diet rat 

models: metabolic and molecular effects of different fat types. J Mol 

Endocrinol. 2006;36(3):485-501. 

27. Gouda HN, Sagoo GS, Harding AH, Yates J, Sandhu MS, Higgins JP. The 

association between the peroxisome proliferator-activated receptor-gamma2 

(PPARG2) Pro12Ala gene variant and type 2 diabetes mellitus: a HuGE 

review and meta-analysis. Am J Epidemiol. 2010;171(6):645-655. 

28. Makrides M, Gould JF, Gawlik NR, et al. Four-year follow-up of children 

born to women in a randomized trial of prenatal DHA supplementation. Jama. 

2014;311(17):1802-1804. 

  



23 
 

 

 

TABLE 1. Baseline Characteristics by Treatment Group 

 

Characteristic 

DHA 

Supplement 

n=770 

Control 

Supplement 

n=761 

Maternal data collected at enrolment   

 Primiparous, n (%) 319 (41.4) 321 (42.2) 

 Mother completed secondary education, n(%)  485 (63.0) 495 (65.0) 

 Mother completed further education, n (%)a 515 (66.9) 533 (70.0) 

 
Non-smoker before and during early pregnancy, 

n(%) 
556 (72.2) 512 (67.3) 

Maternal BMI, median (IQR) 
26.2 (23.5-

30.1) 

26.3 (23.2-

30.5) 

Infant pre-randomization characteristics   

Infant female sex, n(%) 384 (49.9) 382 (50.2) 

PPARγ Pro12Ala genotype, n(%)b   

Pro/Pro 260 (77.6) 245 (77.3) 

 Pro/Ala 66 (19.7) 66 (20.8) 

Ala/Ala 9 (2.7) 6 (1.9) 
a Degree, diploma, certificate, trade  

b Numbers do not add up to total in each group due to missing data. Percentages 

calculated based on participants with available data. 
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TABLE 2 . Primary and Secondary Anthropometric Outcomes at 3 and 5 years of age  

  DHA Supplement Control Supplement Unadjusted Adjustedb 

 

 
n=770 

 
n=761 

 Effect (95% CI) 

P 

Value Effect (95% CI) 

P 

Value 

3-years        

BMI z-score 0.72 (0.97) 0.70 (1.06) 0.02 (-0.08,0.12) 0.73 0.03 (-0.07,0.13) 0.61 

Percent Body Fat c 24.54 (7.07) 24.87 (6.69) -0.32 (-1.08,0.43) 0.40 -0.26 (-0.99,0.46) 0.47 

Body Weight (kg) 15.40 (2.02) 15.34 (2.01) 0.07 (-0.14,0.27) 0.53 0.08 (-0.12,0.27) 0.43 

Body Weight z-score 0.51 (0.97) 0.48 (0.95) 0.04 (-0.06,0.13) 0.43 0.04 (-0.05,0.14) 0.38 

BMI (kg/m2) 16.52 (1.41) 16.51 (1.54) 0.01 (-0.14,0.16) 0.92 0.02 (-0.13,0.16) 0.81 

BMI >85th percentile a 256 (33.2%) 287 (37.7%) 0.88 (0.77,1.01) 0.07 0.89 (0.78,1.02) 0.10 

BMI >90th percentile a 195 (25.4%) 216 (28.4%) 0.89 (0.76,1.06) 0.19 0.91 (0.77,1.07) 0.26 

BMI <10th percentile a 11 (1.4%) 21 (2.8%) 0.51 (0.24,1.07) 0.07 0.51 (0.24,1.07) 0.07 

Total Fat Mass (kg) 3.79 (1.26) 3.84 (1.25) -0.05 (-0.18, 0.09) 0.48 -0.03 (-0.17, 0.10) 0.62 

Total Fat-Free Mass (kg) 11.61 (1.76) 11.50 (1.68) 0.11 (-0.07, 0.20) 0.24 0.11 (-0.06, 0.27) 0.20 

Percent Fat-Free Mass c 75.43 (7.03) 75.13 (6.64) 0.30 (-0.44, 1.05) 0.43 0.24 (-0.47, 0.95) 0.51 

Total Body Water (kg) 8.68 (1.25) 8.59 (1.19) 0.09 (-0.04,0.22) 0.20 0.09 (-0.04, 0.21) 0.17 

Impedance Index 13.00 (2.02) 12.88 (1.91) 0.12 (-0.08,0.33) 0.23 0.12 (-0.07,0.32) 0.22 

Height (cm) 96.43 (4.21) 96.27 (4.04) 0.16 (-0.26,0.57) 0.45 0.16 (-0.23,0.55) 0.41 

Height z-score c 0.03 (1.04) -0.01 (0.97) 0.05 (-0.05,0.15) 0.36 0.05 (-0.06,0.15) 0.38 

Head Circumference (cm) c 50.04 (1.57) 50.06 (1.55) -0.02 (-0.17, 0.14) 0.84 -0.02 (-0.16, 0.13) 0.81 

Head Circumference z-score 0.69 (1.02) 0.69 (1.00) 0.00 (-0.11,0.10) 0.96 0.00 (-0.11,0.10) 0.96 

Waist Circumference (cm) c 50.73 (3.53) 50.50 (3.48) 0.23 (-0.12,0.59) 0.20 0.25 (-0.10,0.60) 0.17  

Waist Circumference z-score 0.47 (0.88) 0.40 (0.91) 0.07 (-0.02,0.16) 0.11 0.08 (-0.01,0.17) 0.09 

Hip Circumference (cm) c 53.65 (3.54) 53.66 (3.67) -0.01 (-0.38,0.35) 0.95 0.03 (-0.33,0.39) 0.87  

Waist:Hip ratio c 0.95 (0.05) 0.94 (0.04) 0.00 (0.00,0.01) 0.04 0.00 (0.00,0.01) 0.04  

5-years       

BMI z-score 0.56 (0.97) 0.54 (1.03) 0.01 (-0.09,0.12) 0.78 0.02 (-0.08,0.12) 0.66 

Percent Body Fat c 23.46 (6.82) 23.42 (6.59) 0.05 (-0.72,0.81) 0.91 0.11 (-0.60,0.82) 0.75 

Body Weight (kg) 19.95 (3.00) 19.87 (3.07) 0.09 (-0.22,0.39) 0.58 0.06 (-0.23,0.36) 0.68 

Body Weight z-score 0.45 (0.98) 0.42 (0.97) 0.03 (-0.06,0.13) 0.49 0.04 (-0.06,0.14) 0.43 

Body weight increase 3-5 years 

(kg) 4.51 (1.60) 4.47 (1.71) 0.04 (-0.13,0.22) 0.65 0.02 (-0.15,0.18) 0.85 

BMI (kg/m2) 16.19 (1.61) 16.20 (1.73) -0.01 (-0.18,0.16) 0.90 0.00 (-0.17, 0.17) 0.99 

BMI >85th percentile a 221 (28.7%) 223 (29.4%) 0.98 (0.83,1.15) 0.78 0.99 (0.84,1.16) 0.90 

BMI >90th percentile a 165 (21/5%) 168 (22.1%) 0.97 (0.80,1.19) 0.78 0.99 (0.81,1.20) 0.91 

BMI <10th percentile a 13 (1.7%) 19 (2.5%) 0.66 (0.31,1.40) 0.28 0.66 (0.31,1.40) 0.28 



25 
 
Total Fat Mass (kg) 4.75 (1.78) 4.74 (1.85) 0.01 (-0.18, 0.20) 0.92 0.02 (-0.17, 0.20) 0.86 

Total Fat-Free Mass (kg) c 15.25 (2.36) 15.15 (2.22) 0.11 (-0.14, 0.35) 0.40 0.08 (-0.15, 0.32) 0.48 

Percent Fat-Free Mass c 76.52 (6.80) 76.61 (6.52) -0.09 (-0.84, 0.67) 0.82 -0.15 (-0.85, 0.55) 0.67 

Total Body Water (kg) 11.32 (1.67) 11.24 (1.58) 0.08 (-0.10,0.26) 0.39 0.06 (-0.11,0.24) 0.48 

Impedance Index 16.98 (2.67) 16.88 (2.50) 0.10 (-0.17,0.38) 0.45 0.08 (-0.19,0.34) 0.56 

Height (cm) 110.82 (5.06) 110.58 (4.93) 0.24 (-0.27,0.75) 0.35 0.16 (-0.32, 0.65) 0.51 

Height z-score  0.12 (1.03) 0.08 (0.98) 0.04 (-0.06,0.14) 0.46 0.04 (-0.07,0.14) 0.48 

Height increase between 3 and 5 

years (cm) 

14.36 (2.66) 14.28 (2.75) 0.07 (-0.22,0.37) 0.61 -0.02 (-0.26,0.22) 0.86 

Head Circumference (cm) c 51.35 (1.53) 51.33 (1.56) 0.02 (-0.14, 0.18) 0.80 0.01 (-0.14, 0.16) 0.86 

Head Circumference z-score 0.66 (0.98) 0.64 (0.98) 0.02 (-0.09,0.13) 0.71 0.02 (-0.09,0.13) 0.71 

Head Circumference increase 

between 3 and 5 years (cm) 1.30 (0.86) 1.25 (0.91) 0.04 (-0.06,0.14) 0.40 0.03 (-0.07,0.13) 0.53 

Waist Circumference (cm) c 53.69 (3.88) 53.57 (4.24) 0.11 (-0.31,0.54) 0.60 0.10 (-0.31,0.51) 0.62 

Waist Circumference z-score 0.24 (0.74) 0.20 (0.79) 0.04 (-0.04,0.12) 0.34 0.04 (-0.04,0.12) 0.29 

Hip Circumference (cm) c 59.34 (4.16) 59.31 (4.55) 0.03 (-0.41,0.47) 0.90 0.04 (-0.40,0.48) 0.87 

Waist:Hip ratio c 0.91 (0.04) 0.90 (0.04) 0.00 (0.00,0.01) 0.47 0.00 (0.00,0.01) 0.43 

BMI z-score 0.72 (0.97) 0.70 (1.06) 0.02 (-0.08,0.12) 0.73 0.03 (-0.07,0.13) 0.61 

Data are presented as mean (SD) with effect being difference in means unless otherwise indicated. Analyses are based on 100 imputed datasets. 
aData are presented as number (percentage) with effect being relative risk.  
bAdjusted for center, parity, maternal BMI at study entry, mother’s secondary education, mother’s further education, mother’s smoking status, PPARγ genotype. 
c Also adjusted for infant sex and actual age of child at assessment.  



26 
 
TABLE 3.Secondary Outcomes Related to Insulin Sensitivity at 5 years of age 

 

DHA Supplement 

n=770 

 

Control 

Supplement n=761 

 

Unadjusted 

 

Effect (95% CI) P Value 

Adjustedb 
 

Effect (95% CI) 

P 

Value 

HOMA-IR a 0.80 (0.43-1.71) 0.68 (0.38-1.31) 1.20 (1.04, 1.39) 0.01 1.20 (1.04, 1.39) 0.01 

Fasting Glucose 4.07 (1.08) 4.02 (1.02) 0.05 (-0.11, 0.20) 0.56 0.05 (-0.11, 0.20) 0.56 

Fasting Insulin a 4.63 (2.68-9.20) 4.01 (2.38-7.25) 1.17 (1.03, 1.32) 0.02 1.17 (1.03, 1.33) 0.02 

Boys       

HOMA-IR a 0.86 (0.44-1.88) 0.62 (0.35-1.21) 1.35 (1.11, 1.65) 0.003 1.35 (1.11, 1.65) 0.003 

Fasting Glucose 4.26 (1.07) 4.03 (1.00) 0.22 (0.02, 0.43) 0.03 0.21 (0.01, 0.42) 0.04 

Fasting Insulin a 4.75 (2.70-9.63) 3.63 (2.22-6.81) 1.25 (1.04, 1.50) 0.02 1.26 (1.05, 1.51) 0.01 

Girls       

HOMA-IR a 0.75 (0.43-1.58) 0.74 (0.41-1.41) 1.07 (0.86, 1.33) 0.55 1.07 (0.86, 1.33) 0.52 

Fasting Glucose 3.87 (1.04) 4.01 (1.04) -0.14 (-0.36, 0.09) 0.24 -0.12 (-0.35, 0.11) 0.29 

Fasting Insulin a 4.55 (2.66-8.90) 4.40 (2.56-7.72) 1.09 (0.90, 1.31) 0.37 1.09 (0.90, 1.31) 0.37 

Data are presented as mean (SD) with effect being difference in means unless otherwise indicated. Analyses are based on 100 imputed datasets. 
a Data are presented as median (IQR) with effect being ratio of geometric means. 
b Adjusted for center, parity, maternal BMI at study entry, infant sex, mother’s secondary education, mother’s further education, mother’s smoking 

status, PPARγ genotype. 

 

 

 

 

 

 

 


