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1) Tweetable statement: Fetal and maternal genetics both influence fetal growth across 98 

gestation. Growth-restricted babies have greater differences between their genetically-99 

predicted and observed birthweights compared to those who are constitutionally small. 100 

2) Short title: Fetal and maternal genetic effects on fetal growth across gestation  101 

3) AJOG at a Glance: 102 

a. Why was this study conducted? 103 

• We used a polygenic risk score (PRS) for birthweight to evaluate the 104 

effects of fetal and maternal genetics on estimated fetal weight (EFW) 105 

and birthweight across pregnancy and at birth.  106 

• We also assessed how the difference between genetically-predicted and 107 

observed birthweight can help distinguish between small-for-gestational-108 

age (SGA) babies and babies who experience intrauterine growth 109 

restriction (IUGR).  110 

b. What are the key findings? 111 

• Fetal PRS accounts for ~11-12% of variance in birthweight, while 112 

maternal PRS accounts for ~6% in two mother-child cohorts with 113 

European ancestry.  114 

• In a South Asian ancestry cohort, the birthweight variance explained by 115 

the joint fetal-maternal PRS was approximately halved compared to 116 

European cohorts 117 

• SGA babies show smaller differences between their predicted and 118 

observed birthweights compared to IUGR babies.  119 

c. What does this study add to what is already known?  120 

• This study separates the fetal and maternal genetic effects on EFW 121 

across gestation, and demonstrates that maternal genetic effects on fetal 122 

growth are more impactful at later gestations 123 

• We demonstrate the need to include more diverse ancestry groups in 124 

large-scale genetic studies around pregnancy and birthweight to create 125 

more representative risk scores. 126 

• Our findings suggest the potential use of deviation from genetically-127 

predicted birthweight as a metric to differentiate growth-restricted (IUGR) 128 

from constitutionally small (SGA) babies. 129 

 130 
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Abstract 131 

Word count: 480/500 132 

Background: Both fetal and maternal genomes contribute to birthweight, but the timing and 133 

relative magnitude of their effects during gestation remain unclear. Polygenic risk scores (PRSs), 134 

constructed from genome-wide association studies (GWAS), capture the cumulative influence of 135 

common birthweight-associated variants to quantify genetic predisposition to fetal growth. We 136 

constructed fetal and maternal PRSs for birthweight in two UK birth cohorts, the Pregnancy 137 

Outcome Prediction Study (POPS) and Born in Bradford (BiB), to evaluate their associations 138 

with estimated fetal weight (EFW) throughout pregnancy and with birthweight at delivery. We 139 

also investigated whether PRSs could improve risk stratification of infants born below the 10th 140 

centile by distinguishing those with pathological intrauterine growth restriction (IUGR) from 141 

those who are constitutionally small-for-gestational-age (SGA). 142 

Methods: In POPS and BiB, we used LDpred2-auto to estimate PRSs based on the largest 143 

available maternal and fetal GWAS for birthweight. We longitudinally assessed EFW 144 

associations with PRSs using linear mixed effects models in POPS and BiB. We evaluated 145 

birthweight associations with PRSs using linear models, where birthweight was adjusted for 146 

gestational age and fetal sex. We estimated R2 and conducted variance decomposition 147 

analyses for all models. Genetically-predicted birthweights were estimated from joint models of 148 

fetal and maternal PRSs plus ten genetic principal components (PCs). BiB analyses were 149 

conducted separately for genetically-inferred European (EUR) and South Asian (SAS) ancestry.  150 

Results: While PRSfetus was significantly associated with EFW at baseline (~22 weeks 151 

gestation) across cohorts, PRSmother was not. Both the interaction of PRSfetus and PRSmother with 152 

gestational age (GA) were significantly associated with EFW. The effect of PRSmother on EFW 153 

increased more quickly across gestation than the effect of PRSfetus in POPS, but this finding was 154 

not replicated in BiB. Jointly, fetal and maternal polygenic risk explained 4% of variance in EFW 155 

in POPS and 1% in BiB-EUR. In POPS, fetal and maternal PRSs showed independent 156 

contributions to EFW variance of 3% and 0.5%, respectively. Joint and univariable linear models 157 

showed significant positive associations of PRSfetus and PRSmother with observed birthweight. In 158 

POPS, PRSfetus and PRSmother accounted for ~10% and ~4% of variance in birthweight over 159 

covariates alone, respectively, which was replicated in BiB-EUR. Maternal and fetal genetic 160 

effects jointly explained 11% of birthweight variance in POPS, similar to BiB-EUR, at 12%; 161 

however, the variance explained was reduced by half in BiB-SAS, at 6%. Among POPS babies 162 
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born <10th birthweight centile, the magnitude of the difference between observed and 163 

genetically-predicted birthweight was greater in the group judged clinically to be IUGR vs. SGA 164 

(p=0.008; point estimate=0.29, 95%CI: 0.12, 0.47).  165 

 166 

Conclusions: Maternal and fetal PRSs jointly account for ~11-12% of birthweight variance in 167 

European ancestry groups, but much less in a South Asian cohort. In POPS, the effect of 168 

birthweight-associated SNPs on estimated fetal weight increases more rapidly across 169 

pregnancy for maternal than for fetal genetic effects. Deviation from genetically-predicted 170 

birthweight may be a useful metric to help distinguish growth-restricted from constitutionally 171 

small babies.  172 

  173 
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Introduction 174 

Fetal growth is a dynamic developmental process shaped by fetal, placental, and maternal 175 

factors. It is an important determinant of perinatal outcomes and health across the life course1–7. 176 

Improving understanding of processes that shape fetal growth may provide insight into 177 

mechanisms underlying pregnancy complications and support identification of pregnancies at 178 

risk of adverse perinatal outcomes. 179 

 180 

Birthweight reflects cumulative effects of fetal growth trajectories across gestation and timing of 181 

delivery. Epidemiological and genetic studies demonstrate that fetal and maternal factors 182 

contribute to birthweight variation8–10. SNP-based heritability for birthweight is 15-40%10,11, and 183 

genome-wide association studies (GWAS) show that birthweight is influenced by genetic 184 

variants carried by both mother and fetus10. Fetal genetic effects may capture influences acting 185 

through the fetus or placenta, whereas maternal genetic effects may act indirectly, shaping the 186 

intrauterine environment. Although both contribute, fetal genetic factors likely explain more of 187 

the total birthweight variance10. 188 

 189 

However, using birthweight as a stand-alone metric provides limited insight into when influences 190 

on fetal growth emerge, how they vary across pregnancy, or whether they affect fetal size, 191 

gestational duration, or both12. The relative influence of fetal and maternal genetic contributions 192 

may vary across gestation13. As fetal nutrient demand increases, placental transport capacity 193 

and maternal nutrient supply are likely to become increasingly relevant to fetal size14,15. 194 

However, the lack of cohorts with maternal and fetal genetic data alongside universal serial 195 

ultrasound measures has prevented systematic understanding of how genetics shape fetal 196 

growth trajectories. 197 

 198 

A key reason for seeking further insight into genetic influences on fetal growth is that it remains 199 

complex to distinguish between small (<10th centile birthweight) babies that fail to meet their 200 

genetic growth potential (intrauterine growth restriction, or IUGR) and constitutionally small, 201 

healthy babies (small-for-gestational-age, or SGA). These groups exhibit different risk profiles 202 

for immediate and long-term adverse outcomes16–18. Existing clinical approaches to identifying 203 

IUGR19–22 are heterogeneous and fail to accurately classify all cases. We assess whether the 204 

difference between observed and genetically-predicted birthweight can be useful to distinguish 205 

IUGR from SGA babies. 206 

 207 
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Further, birthweight distributions differ across ethnic groups23, yet most genetic studies of 208 

birthweight are conducted in individuals of genetically-inferred European ancestry. Previous 209 

evidence suggests that while common variant effects acting through the fetus may be consistent 210 

across populations10, there may be differing associations between maternal PRS and 211 

birthweight across ethnic groups24. Using data from two ethnically, socio-economically, and 212 

geographically distinct UK birth cohorts, the Pregnancy Outcomes Prediction Study (POPS) and 213 

Born in Bradford (BiB), we investigated the extent to which maternal and fetal polygenic risk 214 

explain variation in (i) estimated fetal weight (EFW) across pregnancy, (ii) birthweight, and (iii) 215 

the likelihood of IUGR at birth. 216 

Methods 217 

1. Cohort Overview 218 

a. Pregnancy Outcome Prediction Study (POPS) 219 

POPS is a prospective study of unselected nulliparous women at Rosie Hospital in Cambridge, 220 

United Kingdom. Women with a singleton pregnancy were enrolled from January 2008-July 221 

2012 (n=4,212)25,26. All participants underwent standardized, serial ultrasound scans at ~12, ~20, 222 

~28, and ~36 weeks gestation26 (Table S1, Supplemental File 1). Within the analytic sample, all 223 

POPS participants self-reported their ethnicity as White British; 25% of participants were in the 224 

most deprived socioeconomic quartile (Table S2). 225 

 226 

b. Born in Bradford (BiB) 227 

BiB is a multi-ethnic, longitudinal birth cohort (n=12,453) recruited between 2007-201127. 52% of 228 

the cohort reported South Asian ethnicity; 45% of European ethnicity and 68% of South Asian 229 

ethnicity participants were from neighborhoods in the most deprived socioeconomic quintile 230 

(Table S2). BiB did not include universal serial ultrasound scans, however, many participants 231 

had clinically-indicated ultrasound scans after their ~20 week scan (Table S1), the results of 232 

which were extracted from maternal health records. 233 

2. Preparation of the phenotype data 234 

Observed birthweight was converted to age- and sex-adjusted birthweight centiles using the UK 235 

1990 growth reference data28. In POPS, n=2543 babies were included in birthweight analyses, 236 

compared to n=2075 in BiB-EUR and n=2210 in BiB-SAS (Table S1).  237 
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 238 

In POPS, gestational age was derived from crown-rump length (CRL) measured by ultrasound 239 

(<14 weeks of gestation)20. In BiB, gestational age was determined based on last menstrual 240 

period (LMP) and confirmed by ultrasound scan29. Estimated fetal weight (EFW) was calculated 241 

using the Hadlock III formula30. In POPS, gestational age (GA)-adjusted z-scores for EFW were 242 

estimated using the cohort-specific reference distribution based on all four biometric 243 

measurements: abdominal circumference, femur length, head circumference, and biparietal 244 

diameter31. Data were available for n=2531 children with scans at 18-22 weeks, n=2515 at 26-245 

30 weeks, and n=2396 at 34-38 weeks (Table S1). In BiB, gestational age-adjusted z-scores for 246 

EFW were calculated using INTERGROWTH-21st standards32. In BiB-EUR, data were available 247 

for n=1358 children with scans at ~20 weeks, compared to n=1435 in BiB-SAS; data were also 248 

extracted for a second, later scan for n=728 children in BiB-EUR and n=749 in BiB-SAS (Table 249 

S1). We excluded multiple pregnancies and pregnancies for which a congenital anomaly was 250 

reported. 251 

3. Processing and preparation of the genotype data 252 

We describe the procedures for genotyping, imputation, kinship analysis, and principal 253 

component analysis in POPS and BiB in Supplemental File 2.   254 

4. Construction of polygenic risk scores  255 

We constructed a PRS for birthweight using the largest maternal and fetal GWAS for birthweight 256 

by deCODE, which was conducted in individuals of European ancestry33,34. SNP weights were 257 

estimated using LDpred2-auto with 1,444,196 HapMap3+ variants35,36 and a precomputed LD 258 

reference panel provided by the LDpred2 authors. 259 

SNP weights were applied separately in BiB and POPS to calculate fetal and maternal PRSs for 260 

birthweight. We used the fetal genotype to estimate a PRS for fetal birthweight (PRSfetus), and 261 

the mother’s genotypes to estimate a PRS for offspring birthweight (PRSmother), with each PRS 262 

standardized (mean = 0, SD = 1) within each analytic cohort. 263 

5. Statistical analysis 264 

a. Estimating genetic associations with Estimated Fetal Weight  265 

 266 

EFWz represents the z-score for estimated fetal weight, standardized for gestational age. Where 267 

serial ultrasound data was available, we fit linear mixed effects models using continuous GA, a 268 

 . CC-BY-NC-ND 4.0 International licenseIt is made available under a 
 is the author/funder, who has granted medRxiv a license to display the preprint in perpetuity. (which was not certified by peer review)

The copyright holder for this preprint this version posted October 6, 2026. ; https://doi.org/10.64898/2026.10.04.26364695doi: medRxiv preprint 

https://doi.org/10.64898/2026.10.04.26364695
http://creativecommons.org/licenses/by-nc-nd/4.0/


10 

full description of which is in Table 1A. Covariates included in adjusted models were: maternal 269 

age at first appointment, maternal height, paternal height, and the first 10 genetic principal 270 

components (PCs). In BiB, maternal and paternal height were excluded due to high missingness.  271 

  272 

In linear mixed effects models, fixed effects represent the individual PRS effects centered at 22 273 

weeks, while the interaction term (PRS�GA) represents changes in EFWz over time. We 274 

determined independent effects of maternal and fetal genetics on EFWz by calculating the 275 

difference between joint and univariable modelling of PRSfetus and PRSmother. We assessed the 276 

interaction effect of PRSfetus and PRSmother using likelihood ratio testing. 277 

  278 

b. Estimating genetic associations with birthweight 279 

We tested for associations of birthweight with PRSfetus and PRSmother using a series of five linear 280 

models, sequentially including fetal and maternal PRSs to assess their independent and joint 281 

effects (Table 1B), including an interaction term (PRSfetus�PRSmother) to test whether PRSmother 282 

modifies the association with PRSfetus. 283 

 284 

c. Construction of term for deviation from genetically-predicted birthweight 285 

 286 

We used five-fold cross-validation to estimate a deviation term (D) representing deviation of 287 

observed birthweight from genetically-predicted birthweight in each cohort. In training folds, we 288 

fit the model ���~�������� � ������	�
 � �	1. . .10. We then predicted ���

 (the genetically-289 

predicted value for BWz) in the held-out fold and estimated D using the equation � �  ��� �290 

���

, where D represents the difference between the observed and genetically-predicted 291 

birthweight z-score. 292 

 293 

We compared polygenic risk across babies born <10th centile in POPS only, due to data 294 

availability. IUGR was defined as birthweight <10th centile with clinical evidence of growth 295 

restriction (defined in Table S3)37. SGA was defined as birthweight<10th centile without clinical 296 

evidence of growth restriction. Other babies were categorized as appropriate for gestational age 297 

(AGA; birthweight ≥10th and ≤90th centile) or large for gestational age (LGA; birthweight >90th 298 

percentile).  299 

d. Correction for multiple testing 300 

 301 
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We corrected for multiple testing using the Benjamini-Hochberg procedure to control the false 302 

discovery rate (FDR) at 5%. In EFW models (1-10), we applied the correction to PRSfetus, 303 

PRSmother, PRS x GA, and GA. In birthweight models (11-15), we applied the correction to p-304 

values for PRSfetus, PRSmother, and PRSfetus x PRSmother. All reported q-values in the results are 305 

FDR corrected per the Benjamini-Hochberg method. 306 

 307 

Results 308 

1. Influence of fetal and maternal polygenic risk scores on EFW across gestation 309 

Analysis in POPS showed that the strength of association between EFWz and both fetal and 310 

maternal PRS increased as gestation progressed (Figure 1). When only fetal genetics were 311 

considered, both PRSfetus (q=1.2e-18) and the interaction between PRSfetus and gestational age 312 

(q=1.1e-04) were associated with EFWz (Table S4A). Considering only maternal genetics, 313 

PRSmother was not significantly associated with EFWz at baseline (~22 weeks; q = 0.121), 314 

although there was a significant interaction between PRSmother and increasing gestational age 315 

(q=3.4e-11) (Table S4B). 316 

  317 

When fetal and maternal genetics were assessed in the same model (model 4), PRSfetus 318 

(q=2.1e-16) but not PRSmother (q=0.915) was significantly associated with EFWz at ~22 weeks. 319 

Both the interaction of PRSmother (q=1.6e-09) and PRSfetus (q=0.008) with GA were significant 320 

(Table 2; Table S4C), including after adjustment for socioeconomic status and other covariates 321 

(Table S4D). The effect of PRSmother on EFWz increased significantly more quickly across 322 

gestation than that of fetal PRS (contrast estimate = -0.004, Z = -2.15, p = 0.031; Table S5). 323 

 324 

In POPS, PRSmother and PRSfetus accounted for substantially more variance in EFWz than 325 

covariates alone (Figure S1). Fetal and maternal genetic effects jointly explained 3.95% of 326 

variance in EFWz over the covariates-only model (Table S6A). Variance decomposition showed 327 

independent contributions of PRSfetus and PRSmother of 2.92% and 0.45%, respectively, to EFWz 328 

(Table S6B). Including an interaction term between PRSfetus and PRSmother did not significantly 329 

improve model fit compared to the joint model (p=0.129; Table S6C). 330 

  331 

We tested whether the associations of maternal and fetal PRSs with EFW at ~22 weeks in 332 

POPS were consistent with cross-sectional analysis in BiB. In BiB-EUR and BiB-SAS, we 333 
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observed an association between PRSfetus and EFW at ~22 weeks (BiB-EUR, q=8.83e-05; BiB-334 

SAS, q=0.024) (Table S7A). PRSfetus explained 1.3% and 0.4% of the variance in EFW in BiB-335 

EUR and BiB-SAS, respectively (Figure S2A&B), compared to 3.51% in POPS (Figure S1).  336 

In BiB-EUR, like POPS, there was no significant association between PRSmother and EFW at ~22 337 

weeks (q=0.688); however, a positive association was observed in BiB-SAS (q = 0.006; Table 338 

S7B). These trends in PRSmother persisted in the joint model, as did the association of PRSfetus 339 

with EFWz (Table S7C). Jointly, PRSfetus and PRSmother accounted for 1.28% of variance in EFWz 340 

for BiB-EUR and 0.94% for BiB-SAS (Table S8A). Variance decomposition in BiB-EUR showed 341 

that PRSfetus and PRSmother independently accounted for 1.24% and 0.01% of variance in EFWz, 342 

respectively (Table S8B).  343 

 344 

In the subset of BiB-EUR participants with serial EFW measurements (n=728), both the fetal 345 

and maternal birthweight PRS associations with EFW strengthened across gestation (Figure 2A; 346 

Table 2). When fitted alone, PRSfetus was significantly associated with EFW ~22 weeks 347 

(q=2.84e-05); this association increased with gestational age (q=0.013) (Table S4A). In the joint 348 

and univariable models, PRSmother showed no significant association with EFW at ~22 weeks, 349 

but there was a significant interaction with increasing gestational age, reflecting an effect of 350 

PRSmother on EFW that emerges later in gestation (univariable, q=0.004; joint, q=0.018) (Table 351 

S4B; Table 4C). There was no significant difference between the PRSfetus × GA and PRSmother × 352 

GA interaction slopes in either BiB ancestry group (BiB-EUR, p=0.74; BiB-SAS: p=0.82) (Table 353 

S5). 354 

2. Influence of fetal and maternal polygenic risk scores on birthweight  355 

Across cohorts, we observed a significant positive association between PRSfetus and PRSmother 356 

and birthweight in univariable (models 12-13) (Table S9A&B) and joint models (models 14-15) 357 

(Table 3; Table S9C&D). Variance in birthweight explained by fetal and maternal PRSs was 358 

substantially higher in both of the European cohorts (POPS, BiB-EUR) compared to BiB-SAS 359 

(Figure S3A, S3B, S3C). In POPS, PRSfetus and PRSmother jointly accounted for 11.18% of the 360 

variance in birthweight over covariates alone (Figure 3A; Table S10A), comparable to 12.23% in 361 

BiB-EUR (Figure 3B; Table S10A). The corresponding variance explained in BiB-SAS was lower 362 

at 6.29% (Figure 3C). Variance decomposition confirmed an independent contribution of each 363 

PRS to birthweight variance across cohorts, with lower explanatory power in BiB-SAS (Table 364 

S10B).  365 
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3. Deviation from genetically-predicted birthweight in POPS 366 

The average birthweight genetic risk score for mother and fetus differed significantly across 367 

observed birthweight groups in POPS (AGA, LGA, and SGA/IUGR; Figure S4). Babies born 368 

AGA and LGA had higher mean PRSs than babies born <10th birthweight centile (Table S11A); 369 

however, there was no significant difference in mean PRS of mother or fetus between the IUGR 370 

and SGA groups (Table S11B&C). LGA babies tended to be larger than their genetically-371 

predicted size, whereas both SGA and IUGR babies tended to be smaller (Table S12). Although 372 

PRS alone did not differentiate between IUGR and SGA groups, IUGR babies had a 373 

significantly more negative mean difference between their predicted and observed birthweights 374 

than SGA babies (p=0.008, Table 4). 375 

 376 

Discussion  377 

a. Principal Findings  378 

 379 

Our findings outline the relative fetal and maternal contributions to fetal weight throughout 380 

gestation and at birth. We demonstrate that fetal PRS is associated with EFW measurements 381 

from ~22 weeks of pregnancy onwards. In the POPS cohort, using universal serial 382 

measurements, the strength of the association between both fetal and maternal genetics and 383 

EFW increased as pregnancy progressed. We show that maternal genetic effects on EFW 384 

increase over gestation to a greater extent than corresponding fetal genetic effects in POPS. 385 

This effect was not replicable in BiB, potentially due to the ultrasound measurements at the 386 

second timepoint being on a highly selected sample. 387 

 388 

We show independent impacts of the fetal and maternal genomes on birthweight in two 389 

European (POPS, BiB-EUR) and one South Asian (BiB-SAS) cohorts. Fetal and maternal 390 

genetics together accounted for ~11-12% of variance in birthweight in European ancestry 391 

groups, compared to ~6% in the South Asian group.  392 

  393 

In POPS, average PRS correlated with clinical groupings of observed birthweights, with larger 394 

babies having higher PRSs. Our findings suggest that PRS may be useful in discriminating 395 

between different phenotypes of small babies. The difference between observed and 396 

genetically-predicted birthweight was greater on average in babies designated as growth-397 

restricted (IUGR) compared to those designated as constitutionally small (SGA). 398 

 . CC-BY-NC-ND 4.0 International licenseIt is made available under a 
 is the author/funder, who has granted medRxiv a license to display the preprint in perpetuity. (which was not certified by peer review)

The copyright holder for this preprint this version posted October 6, 2026. ; https://doi.org/10.64898/2026.10.04.26364695doi: medRxiv preprint 

https://doi.org/10.64898/2026.10.04.26364695
http://creativecommons.org/licenses/by-nc-nd/4.0/


14 

 399 

b. Results in the context of what is known  400 

 401 

Current practices in dating pregnancies assume that all fetuses are equal in size at 11-14 weeks, 402 

when variation in fetal size is smallest. Thus all babies begin their fetal growth trajectory from a 403 

‘standardized’ point, negating individual genetic influences on fetal size early in pregnancy38,39. 404 

This may partly explain why PRSs explain more variance in EFW later in pregnancy in POPS, 405 

where GA was determined based on CRL in a first-trimester scan. In keeping with previous 406 

evidence40, we show a cumulative effect of fetal genetics that becomes more strongly 407 

associated with EFW as gestation progresses, despite reducing accuracy in scan 408 

measurements41–44. These observations may reflect the fact that EFW measured later in 409 

gestation is a better proxy for birthweight, though fetal PRS may become a pragmatic adjunct to 410 

predicting true fetal weight as birthweight GWASs become more powerful and it becomes 411 

possible to calculate fetal PRSs based on low-coverage NIPT data45,46.  412 

  413 

In POPS, we show that while maternal PRS is not associated with EFW at mid-pregnancy, 414 

maternal genetic impacts accumulate faster than fetal genetic effects in the second half of 415 

pregnancy, although this finding was not replicated in BiB (see below). This may be attributable 416 

to the increasing importance of the maternal milieu in driving fetal growth, i.e., genetic 417 

propensity to insulin resistance47,48 and cardiovascular adaptations49,50.  418 

  419 

Our results also suggest that polygenic risk for birthweight can be applied across ethnic groups. 420 

Maternal genetic effects on birthweight were comparable across cohorts, an important finding 421 

given the under-representation of Asian groups in genetic studies51,52. However, we note that 422 

some results in BiB-EUR and BiB-SAS differed qualitatively from each other and from POPS. 423 

For example, PRSmother had a significant effect on EFW mid-pregnancy in BiB-SAS but not in 424 

BiB-EUR or POPS. Its effect size on EFW at week 22 was significantly bigger in BiB-SAS than 425 

BiB-EUR in the joint model (Table S7C; Δβ=0.088; p=0.026), whereas its effect size on 426 

birthweight did not differ significantly between ancestries (Table S9D; ; Δβ=0.138; p=0.17). 427 

Replication in other cohorts and more powerful GWASs in South Asian will be required to 428 

confirm there are genuine differences in the impact of birthweight-associated genetic variation 429 

on EFW between ancestry groups. Another recent study reported associations of mid-430 

pregnancy EFW with maternal as well as fetal birthweight genetic scores in BiB European and 431 
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South Asian women53; several factors could explain the differences in our findings, including 432 

how the PRS was constructed as well as differences in sample filtering.  433 

 434 

c. Clinical Implications  435 

 436 

Our finding that genetic risk scores could be useful in differentiating IUGR from SGA is 437 

important because there is no gold standard for distinguishing IUGR from SGA54. Clinicians 438 

attempt to mitigate risks of stillbirth and neonatal morbidities associated with IUGR by 439 

recommending early delivery55,56, though this strategy can drive additional morbidity if applied to 440 

miscategorized SGA babies57–59. Conversely, mistaking IUGR for SGA can hinder surveillance 441 

and intervention that prevents stillbirth. Future studies should test whether PRSs derived from 442 

low-coverage NIPT data could improve diagnostic accuracy beyond existing clinical 443 

markers37,60,61. 444 

  445 

d. Research Implications  446 

 447 

Future studies should consider how birthweight polygenic risk could be incorporated into clinical 448 

risk prediction tools for adverse perinatal outcomes. Our findings should also be replicated in 449 

cohorts with serial ultrasound data and in other ethnicities. Until new, cheaper approaches to 450 

non-invasive fetal sequencing are validated, using maternal data could mitigate fetal genetic 451 

testing constraints.  452 

 453 

e. Strengths and Limitations  454 

 455 

We analyzed birthweight associations in two large, meticulously-phenotyped cohorts, POPS and 456 

BiB, with distinct ancestry groupings; POPS and BiB-EUR captured European ancestry groups 457 

and BiB-SAS captured South Asian ancestry groups. The availability of standardized, 458 

longitudinal whole-cohort EFW data from POPS alongside a comprehensive definition of IUGR 459 

is a major strength. 460 

  461 

A limitation of research on ultrasonographic fetal weight estimates is that the error associated 462 

with measuring fetal size increases as pregnancy progresses41,42, such that fetal growth may be 463 

over- or under-estimated in late pregnancy43. Methods for deriving gestational age also differed 464 

between POPS and BiB. EFW measurements in BiB should be interpreted cautiously, as a 465 

 . CC-BY-NC-ND 4.0 International licenseIt is made available under a 
 is the author/funder, who has granted medRxiv a license to display the preprint in perpetuity. (which was not certified by peer review)

The copyright holder for this preprint this version posted October 6, 2026. ; https://doi.org/10.64898/2026.10.04.26364695doi: medRxiv preprint 

https://doi.org/10.64898/2026.10.04.26364695
http://creativecommons.org/licenses/by-nc-nd/4.0/


16 

limited, clinically-selected subset of BiB participants had ultrasound measurements for 466 

longitudinal analysis. Application of PRSs in BiB-SAS must account for the limited transferability 467 

of PRSs derived from GWAS of European ancestry participants to other ancestry groups62. 468 

 469 

f. Conclusions  470 

 471 

Fetal and maternal genetic factors contribute independently to variation in fetal growth and 472 

birthweight, with their effects becoming more apparent as gestation progresses. Fetal genetic 473 

influences were detectable from mid-pregnancy, while maternal genetic effects appeared to 474 

strengthen later in gestation. We found that the discrepancy between observed and genetically-475 

predicted birthweight may help distinguish growth-restricted from constitutionally-small infants. 476 

These findings provide new insight into genetic determinants of fetal growth and support further 477 

evaluation of polygenic approaches in perinatal risk assessment. 478 

 479 

List of abbreviations  480 

AGA = appropriate for gestational age 481 

BiB-EUR = Born in Bradford participants of genetically-inferred European ancestry 482 

BiB-SAS = Born in Bradford participants of genetically-inferred South Asian ancestry 483 

D = deviation from genetically-predicted birthweight 484 

EFW = estimated fetal weight  485 

BW = birthweight  486 

GA = gestational age  487 

IUGR = intrauterine growth restriction 488 

LGA = large for gestational age 489 

PCs = genetic principal components 490 

POPS = Pregnancy Outcomes Prediction Study 491 

PRS = polygenic risk score 492 

SGA = small for gestational age 493 
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Table 1A 
Model 1 ����~����	
���
 � �� � �1|�	�������� 
Model 2 ����~�������� � ����	
���
 � �� � ��� � ��������� � �1|�	�������� 
Model 3 ����~����	�
�� � ����	
���
 � �� � ��� � ����	�
�� � � �1|�	�������� 
Model 4 ����~�������� � ����	�
�� � ����	
���
 � �� � ��� � ��������� � ��� � ����	�
��� � �1|�	�������� 
Model 5 ����~�������� � ����	�
�� � ����	
���
 � �� � ��� � ��������� � ��� � ����	�
��� � �1|�	�������� 
Model 6 ����~����	
���
 
Model 7 ����~�������� � ����	
���
 
Model 8 ����~����	�
�� � ����	
���
 
Model 9 ����~�������� � ����	�
�� � ����	
���
 
Model 10 ����~�������� � ����	�
�� � ����	
���
 
Table 1A. Longitudinal and cross-sectional models of estimated fetal weight in POPs and BiB. This table describes the linear 
mixed effects models (1-5) used in POPs and BiB and the linear models (6-10) used in BiB to assess contributions of polygenic risk 
scores to estimated fetal weight (EFW) across gestation. Covariates included maternal age at first appointment, maternal height, 
paternal height, and the first ten genetic principal components (PCs). GA is modelled as a continuous variable centered on 22 weeks. 
1 | �	������� represents the per-pregnancy random intercept. As a robustness analysis in POPS, we evaluated timepoint as a 
categorical variable using model 4, where we characterized 3 gestational ages corresponding to POPS scans at 20, 28, and 36 
weeks. 
For models 1-5 in POPS, we calculated marginal R2, conditional R2, incremental (∆) R2, and AIC values to assess variance in EFW 
explained by (1) covariates only, (2) PRSfetus, (3) PRSmother, (4) PRSfetus + PRSmother, and (5) PRSfetus�PRSmother. Marginal R2 
represents the variance explained by fixed effects only, while conditional R2 represents the variance explained by both fixed and 
random effects. Incremental (∆) R2 is defined as the difference in marginal R2 between each model and the baseline (covariates-only) 
model (1), quantifying the additional proportion of variance in EFW explained by fixed effects beyond baseline, holding the random-
effects structure constant. We determined the independent effects of maternal and fetal genetics on EFWz by calculating the 
difference between the joint model (4) and the univariable PRSfetus (2) and PRSmother (3) models, respectively. For cross-sectional 
models 6-10 in BiB, we calculated R2, incremental (∆) R2, and AIC values to assess EFW explained by (6) baseline covariates, (7) 
PRSfetus, (8) PRSmother, (9) PRSfetus + PRSmother, and (10) PRSfetus�PRSmother. In the covariate-only model, BiB included maternal age 
but not maternal and paternal height due to high missingness. 
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Table 1B 
Model 11 ���~����	
���
 
Model 12 ���~�������� � ����	
���
 
Model 13 ���~����	�
�� � ����	
���
 
Model 14 ���~�������� � ����	�
�� � ����	
���
 
Model 15 ���~�������� � ����	�
�� � ����	
���
 
Table 1B. Linear models for assessing birthweight associations in POPs and BiB. This table describes models used in POPs 
and BiB to assess associations of polygenic risk scores with birthweight. In these models, BWz represents birthweight standardised 
for gestational age and sex. Covariates include maternal age, maternal height, and paternal height in POPs and maternal age in BiB. 

We calculated R2, incremental (∆) R2, and AIC values to assess birthweight explained by (11) baseline covariates, (12) PRSfetus, (13) 

PRSmother, (14) PRSfetus + PRSmother, and (15) PRSfetus�PRSmother. Incremental R2 values represent the additional variance in BWz 
relative to that explained by the covariates-only model (11). We assessed the independent contributions of maternal and fetal 
genetics by calculating the difference between the joint model (14) and the univariable PRSfetus (12) and PRSmother (13) models, 
respectively.  
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Table 2 

 
POPS BiB (EUR) BiB (SAS) 

Coefficient Estimate P-value Q-value FDR Estimate P-value Q-value FDR Estimate SE P-value Q-value FDR 

(Intercept) -3.981 7.7e-13  -0.054 0.719  -0.674 0.19 3.83E-04  

PRSfetus 0.156 4.2e-17 2.1e-16 0.155 5.01E-06 2.84E-05 0.06 0.035 0.089 0.1792 

PRSmother -0.002 0.915 0.915 0.915 
0.808 0.9146 0.042 0.036 0.243 0.2754 

GA at scan 0.002 0.110 0.137 0.001 0.861 0.9146 -0.006 0.003 0.032 0.1056 

PRSmother:GA 0.008 6.5e-10 1.6e-09 0.007 0.032 0.0596 0.004 0.003 0.225 0.2754 

PRSfetus:GA 0.004 0.005 0.008 0.008 0.007 0.0178 0.003 0.003 0.409 0.4095 

Table 2. Joint model (4) of longitudinal associations between PRSfetus and PRSmother and EFWz with continuous GA in POPS 
and BiB. Gestational age (GA) was modeled as a continuous variable to assess changes across gestation in the associations of 
PRSmother and PRSfetus with EFWz using model 4. Regression coefficients represent fixed effects from the joint model, including PRS x 
GA interaction terms. Estimates are presented with Wald test p-values and false discovery rate (FDR) q-values. FDR correction was 
applied using the Benjamini-Hochberg method. Here we show only predictors of interest but the full model is reported in Table S2C. 
 
Table 3 
      

POPS  BiB (EUR) BiB (SAS) 

Coefficient Beta P-value Q-value FDR Beta P-value Q-value FDR Beta P-value Q-value FDR 

(Intercept) -4.166 3.31e-14  -0.706 1.15e-13  -1.157 2.08e-26  

PRSfetus 0.246 3.67e-48 1.14e-47 0.277 1.25e-40 3.51e-40 0.192 1.61e-21 3.75e-21 

PRSmother 0.11 3.58e-11 5.02e-11 0.138 1.65e-11 1.93e-11 0.1 5.05e-07 7.08e-07 

Table 3. Associations between fetal and maternal polygenic risk scores (PRS) and observed birthweight z-scores across 
POPS, BiB-EUR, and BiB-SAS (Model 14). We assessed the cross-sectional associations of PRSmother and PRSfetus using the joint 
model (Model 14) across cohorts. Estimates are presented with Wald test p-values and false discovery rate (FDR) q-values. FDR 
correction was applied using the Benjamini-Hochberg method to generate q-values. Adjustments in POPS included maternal age at 
booking, maternal height, paternal height, PCs 1-10, while BiB adjusted for maternal age at booking and PCs 1-10. Here we show 
only predictors of interest but the full model is reported in Table S8D.  
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Table 4 

Comparison Mean diff in mean D CI Cohen’s d P-value 

IUGR vs AGA 1.67 [1.51, 1.84] 2.73 p =  2.1e-26 

SGA vs AGA 1.38 [1.3, 1.46] 2.27 p =  1.8e-80 

LGA vs AGA -1.54 [-1.65, -1.44] -2.52 p =  3.4e-57 

IUGR vs SGA 0.29 [0.12, 0.47] 0.57 p = 0.008 

IUGR vs LGA 3.22 [3.03, 3.4] 5.75 p =  4.3e-54 

SGA vs LGA 2.92 [2.79, 3.05] 5.56 p = 1.6e-114 

Table 4. Pairwise differences in deviation from genetically predicted birthweight across fetal growth classifications. Pairwise 
t-tests comparing mean deviation between fetal growth categories (IUGR, SGA, AGA, and LGA). Deviation represents the difference 
between the observed and genetically-predicted birthweight z-score, where �   ��� ! ���

". For each comparison, we report the 
mean difference in D (second group as reference), 95% confidence intervals, Cohen’s d effect size, and associated p-values. 
Positive values indicate higher deviation in the first-listed group relative to the reference group, while negative values indicate lower 
deviation. We applied the Bonferroni correction to P-values. 
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Figure 1 

Figure 1: Birthweight PRS associations with EFWz across gestation from univariable and 
joint linear mixed-effects models (POPS). Lines show the estimated effect of each birthweight
PRS on EFW at each gestational week derived from linear mixed-effects models including a 
PRS × gestational age interaction term. The left panel shows estimates from univariable models 
in which PRSfetus and PRSmother were fitted in separate mixed-effects models. The right panel 
shows trajectories from a joint mixed-effects model in which both PRSs were included 
simultaneously. Ribbons show 95% confidence intervals. The cross at “Delivery” shows the 
corresponding PRS association with observed birthweight. 
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Figures 2A&B 

 
Figures 2A&B. PRS associations with EFW across gestation from univariable and joint 
linear mixed-effects models in BiB. Lines show the estimated effect of each birthweight PRS 
on EFW at each gestational week derived from linear mixed-effects models including a PRS × 
gestational age interaction term. The left panel shows estimates from univariable models in 
which PRSfetus and PRSmother were fitted in separate mixed-effects models. The right panel 
shows trajectories from a joint mixed-effects model in which both PRS were included 
simultaneously. Ribbons show 95% confidence intervals. The cross at “Delivery” shows the 
corresponding PRS association with observed birthweight. EUR: genetically-inferred European 
ancestry (N=728); BiB-SAS: genetically-inferred South Asian ancestry (N=749). 
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Figure 3A,B&C 
 

 
 
Figures 3A,B,&C. The association between observed birthweight Z-score (BWz) and 
genetically-predicted BWz. Predicted values were fitted from a linear model regressing BWz on
PRSfetus,PRSmother, and covariates in each cohort (model 14, Methods). R2

 is the incremental 
variance explained by  PRSfetus and PRSmother over covariates alone. BiB-EUR: genetically-
inferred European ancestry participants from Born in Bradford (N=2,075); BiB-SAS: genetically-
inferred South Asian ancestry from Born in Bradford (N=2,210); POPS: Pregnancy outcomes 
prediction study (N=2,537). 
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