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A B S T R A C T   

Introduction: The weight of the placenta can be indicative of efficacy in nutrient and oxygen supply. Furthermore, 
it has been suggested that a measure of the placenta’s ability to adequately supply nutrients to the fetus can be 
found in the relationship between birth weight and placental weight expressed as a ratio. Our aim was to develop 
age adjusted placenta weight and birth weight to placenta weight ratio reference curves that are stratified by 
maternal parity and fetal sex. 
Methods: We included singleton, non-anomalous births with a gestational age inclusive of 28 + 0 weeks to 42 + 6 
weeks. Excluded were pregnancies of multiplicity, fetuses with congenital abnormalities, stillbirths and preg
nancies that had placental complications (ie placenta previa or abruption). Generalised additive model for 
location, shape and scale (GAMLSS) was used to fit reference curves. 
Results: We stratified 97,882 pregnancies by maternal nulliparity status and fetal sex. Extensive assessment model 
goodness-of-fit showed appropriate modeling and accurate fit to the four parameters of distribution. Our results 
show accurate model fit of the reference curves to the data. We demonstrated that the influence that parity has 
on the placenta weight is far greater than that exerted by fetal sex, and that the difference is dependent on 
gestational age. 
Discussion: This is the largest presentation of age and parity adjusted placenta weight and feto-placental weight 
ratio reference ranges to date. The difference observed between nulliparous and multiparous pregnancies could 
be explained by biological memory and the remnants of maternal endo-myometrial vascularity after the first 
pregnancy.   

1. Introduction 

Designated with supplying nutrients and protection from the 
external environment, a well-functioning placenta is vital for the well- 
being of the fetus [1–3]. The weight of the placenta can be indicative 
of efficacy in nutrient and oxygen supply. Low weight suggests poor 
placentation whereas a higher weight may be the result of maternal 
diabetes or pregnancy weight gain. Both abnormalities have been 
identified as risk factors for adverse outcomes in the mother and fetus as 
well as longer-term neonate and child outcomes. Low placental weight is 

more prevalent amongst stillbirths and fetal growth restriction, and a 
high placental weight amongst neonatal deaths and low Apgar scores 
[2–7]. Furthermore, it has been suggested that a measure of the pla
centa’s ability to adequately supply nutrients to the fetus can be found in 
the relationship between birth weight and placental weight expressed as 
a ratio [2,4–7]. 

While the weight of the placenta is influenced by several biological 
and environmental factors, the fetal sex and maternal parity are the most 
consistent causes of diversity in healthy placentas with parity having 
larger effects than fetal sex [6]. Fetal sex has long been known to have an 
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effect on placenta weight, with known sex-specific placental gene 
expression, as well as sex specific differences in biomarkers and 
placental gene-environment interactions [8]. More recently there has 
been increasing attention to the impact that parity has on placentation. 
Several biological studies have provided evidence of mothers main
taining the restructuring of maternal spiral arteries and retaining a 
biological memory after the first pregnancy that assists placentation in 
subsequent pregnancies [8–13]. 

The influence that parity has on placenta weight has largely been 
ignored in the creation of reference ranges for both placenta weight and 
feto-placental ratio. As exceptions, Wallace et al. and Ogawa et al. have 
produced reference centiles adjusted for gestational age, parity and fetal 
sex which illustrated that nulliparity has a greater influence on placenta 
weight than the effect of fetal sex [6,7]. While several reference curves 
have been created for placental weight, only these two studies have 
stratified the curves based on both of these parameters [6,7]. However, 
they report conflicting findings for the relationship between parity and 
birth weight to placenta weight ratio [6,7]. 

The importance of reference ranges is two-fold: they are used for 
both clinical and research purposes. Clinically we rely on accurate 
reference for comparisons to “normal”. In research we spend untold 
amounts of time and resources to ensure accuracy of our study design, 
recruitment and methodology. It is therefore imperative that reference 
ranges adjust for known interaction effects and reflect the wider popu
lation with as much precision as possible. 

In an attempt to resolve the conflicting findings from Wallace et al. 
and Ogawa et al. we employ a cohort that is much larger than Ogawa’s. 
While the Moba cohort is similar in size to Wallace’s it is collected over a 
much shorter time period of 10 years (compared to 30 years for Wallace 
et al.), thus reducing the exposure to secular trends in maternal age, 
parity etc. as well as other potential unexamined temporal influences. 
Furthermore, we utilise the Generalised Additive Model for Location, 
Shape and Scale - an extension from the esteemed LMS method used in 
both previous papers [14]. Our aim was to develop age adjusted 
placenta weight and birth weight to placenta weight ratio reference 
curves that are stratified by parity and fetal sex in a large Scandinavian 
cohort. 

2. Methodology 

We used cross sectional data from The Norwegian Mother, Father 
and Child Cohort Study (MoBa) for pregnancies recorded between 1999 
and 2009 [15]. In short, MoBa is a population-based pregnancy cohort 
study conducted by the Norwegian Institute of Public Health. Partici
pants were recruited from all over Norway from 1999 to 2008. The 
women consented to participation in 41% of the pregnancies. The cohort 
now includes 114,500 children, 95,200 mothers and 75,200 fathers. The 
current study is based on version 10 of the quality-assured data files 
released for research. The establishment of MoBa and initial data 
collection was based on a license from the Norwegian Data Protection 
Agency and approval from The Regional Committees for Medical and 
Health Research Ethics. The MoBa cohort is now based on regulations 
related to the Norwegian Health Registry Act. The current study was 
approved by The Regional Committees for Medical and Health Research 
Ethics in South-Eastern, Norway. 

Women in MoBa were matched against their entries from the Nor
wegian Medical Birth Registry. The Norwegian Medical Birth Registry is 
a compulsory birth registry that collects information for all births 
greater than 12 weeks gestation. Routine data is collected on (but not 
restricted to), pregnancy or birth complications as well as pre-pregnancy 
and intra-pregnancy maternal health, placenta weight and birth weight. 

We included singleton, non-anomalous births with a gestational age 
inclusive of 28 + 0 weeks to 42 + 6 weeks. The gestational age was 
restricted due to the four-way stratification of the study sample, outside 
of these parameters the insufficient numbers made the models unstable. 

Anomalies excluded from analysis included fetuses with congenital 

abnormalities, stillbirths, and pregnancies with placental complications 
which may affect the accuracy of the weighing of the placenta (i.e., 
placenta previa, abruption, manual extraction or curettage). Placentas 
were weighed with membranes and umbilical cord attached. For the 
placental weight centiles, pregnancies that had missing data for either 
placental weight or gestational age at birth were also removed from the 
study cohort. This was extended to include missing data on birth weight 
for the feto-placenta weight ratio analysis. Institutional ethical approval 
was granted through the Norwegian Ethical Committee West Region 
(University of Bergen) REK 2012/67. 

3. Statistical analysis 

Demographic data were reported as proportions (n) for categorical 
data, mean and standard deviation were provided for continuous data. 
The feto-placenta weight ratio is the simple division of the fetal birth 
weight divided by the placenta weight. 

For the exclusion of outliers and extreme values, initial centiles for 
both placenta weight and birth weight were created using the Gener
alised Additive Model for Location, Shape and Scale (GAMLSS). From 
these Z-scores were calculated which enabled us to exclude any values 
that were greater than 3.5 standard deviations from the mean - which 
excludes the top and bottom 0.05 percentiles. 

To test appropriateness of the stratification by sex and nulliparity, 
interaction terms of gestational duration for sex and nulliparity were 
first included in a GAMLSS model and tested. Gestational age adjusted 
placenta weight and feto-placenta weight ratio centiles were then 
calculated using GAMLSS for the relevant stratifications. The most 
appropriate normalisation of the data was obtained after assessment of 
the Normal, Box-Cox Cole and Green (BCCG), Box-Cox t (BCT), and Box- 
Cox Power Exponential distributions. Cubic splines, penalised basis 
spline, polynomial and fractional polynomial smoothing methods were 
all evaluated. Appraisal of the model fit was based on the Akaike In
formation Criterion (AIC) with consideration to the Schwartz Bayesian 
Criterion, Global Deviance and visual assessment of the centile graphs. 
Assessment of the residuals and goodness-of-fit were performed using 
graphical representations using Q-Q plots and worm plots. Summary 
statistics of the parameters of distribution for the residuals are also 
reported. 

All data manipulation and statistical analysis was performed using R 
(Version 3.6.3) and the model algorithm using the GAMLSS package by 
Rigby and Stasinopolous [14]. 

4. Results 

There were a total 114,728 births captured in MoBa between 1999 
and 2009, of which 97,946 (85.4%) met the inclusion criteria. Of those 
excluded, 4,406/114,728 (3.5%) had missing placental weights, 446/ 
110,682 (0.4%) had missing gestational age, 3,795/110,236 (3.4%) 
were plural births, 284/106,441 (0.02%) were stillbirths, 5,017/ 
106,157 (5.7%) had congenital abnormalities, 2,830/101,140 (2.8%) 
had placental complications and 362/98,308 (0.04%) were outside the 
gestational age restriction. Removal of outliers (64/97,946 [0.07%]) left 
a study cohort consisting of 97,882 (85.3%) pregnancies, including - 
22.3% (21,820/97,882) male fetuses of nulliparous women and 28.8% 
(28,210/97,882) male fetuses of multiparous women, 21.2% (20,765/ 
97,882) female fetuses of nulliparous women and 27.7% (27,087/ 
97,882) female fetuses of multiparous women. The mean placenta 
weight of the study cohort was 678 (145.3) grams. 

Assessment of the appropriateness of stratification by sex and parity 
found significant interactions between gestational age and sex (p =
0.004) as well as between gestational duration and nulliparity (p =
3.85e-13) (Supplemental Fig. 1). 

After assessment of the various distributions, the most appropriate 
was the BCT. With the use of this distribution applied to our data, we 
found it sufficient to model only the mean parameter using a fractional 
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polynomial smoothing term. Inclusion of scale or shape distribution 
parameters (standard deviation, skewness or kurtosis) did not improve 
the model fit. The centiles show an increasing placental weight 
throughout the gestational age period with a proportional increase in 
variance over the same period. The curves have a smooth increasing 
trend with no decrease or deviations from the expected values based on 
the trajectory of the curves. Values of the centiles at each week, for each 
strata can be found in Tables 1–4 and graphical representations seen in 
Fig. 1 and Supplementary Figs. 2–4. The tables of centiles for each strata 
report the placenta weight (or feto-placental ratio) that is calculated for 
the 3rd, 5th, 10th, 25th, 50th, 75th, 90th, 95th and 97th percentile per 
gestational week, along with the number (N) of measures used to 
calculate at individual weeks. The graphical representations of the 
centiles in Fig. 1 and Supplemental Figs. 2–4 display scatterplots of the 
placenta weight (or feto-placental ratio) against gestational age with a 
different color representing a different percentile. The percentiles re
ported graphically are for the 0.4th, 2nd, 10th, 25th, 50th, 75th, 90th, 
98th and 99.6th percentiles. The difference in reporting of the percen
tiles is due to the tables reflecting those more commonly used in 
reporting or research while those used in the plots help describe the 
distributions of the data more comprehensively. 

Values of percentiles per day can be found in Supplementary Excel 
Spreadsheets. 

Goodness of fit tests showed appropriate data distribution and fitting 
for all four parameters of distribution with results shown in Supple
mental Tables 1 and 2 Graphical representations of residual plots can be 
found in Fig. 2 and Supplemental Figs. 5–11, with worm plots in Sup
plemental Figs. 12–19. 

Supplemental Tables 1 and 2 give the statistics for the modeling for 
each parameter of distribution (mean, variance, skewness and kurtosis). 

The gold standard statistic for each parameter is a mean of 0, variance of 
1, skewness of 0 and kurtosis of 3. The right side of Supplementary 
Tables 1 and 2 report the percentage of cases that are captured by each 
percentile (e.g. the 10th centile should capture 10% of the sample). 

The residual plots assess the adequacy of the model fit through 
assessment of the residuals. The top two plots of Fig. 2 (and Supple
mentary Fig. 5 -11) graph the residuals against the fitted values in the 
left graph and the residuals against an index in the right graph. Both 
should have the residuals scattered randomly around zero (y axis) that 
would surmount to a reasonably normal distribution if plotted against 
each value of the x axis. All residual plots show that the residuals are 
scattered randomly against the fitted values and against the index for all 
strata of both placenta weight and for feto-placental ratio. The bottom 
left graph is a kernel density plot and should be a bell-shaped curve akin 
to a normal distribution. The bottom right is a normal Q-Q plot in which 
the values should fall along expected lines (in red). All kernel density 
plots resemble the normal distribution bell curve and there are only very 
slight deviations in the very tails from the expected curves in the Q-Q 
plots. The very slight deviations that can be observed in the male and 
female, multiparous mother’s placenta weight goodness of fit plots 
(Supplementary Figs. 5 and 7) that can be attributed to a very small 
number of outliers which have not affected the overall fit of the models 
as evidenced by the goodness of fit statistics (Supplementary Table 1). 

The worm plots (Supplementary Figs. 12–19) allow the assessment of 
how adequately the model is fitted to the data. The observation of 
quadratic or cubic shapes - S-curve or U-curve that trends towards the 
zero of the x axis and inside the lines of confidence (the U-shaped dotted 
lines), indicate inadequate correction of skewness or kurtosis. In all 
worm plots for each strata show good fitting of each model with only 
very slight deviations inside the lines of confidence. 

Table 1 
Placenta Weight Centiles for Male Fetuses by Gestational Age and Parity. 
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In comparison of the strata, the mean difference in placenta weight in 
the male fetal cohorts for the multiparous mothers compared to the 
nulliparous mothers were: 10th centile 28.2 g (sd 4.7), 50th centile 
35.9g (sd 6.2), 90th centile 46.6g (sd 8.0). For the female cohort the 
placental weight differences by parity were: 10th centile 19.8g (sd 12.9), 
50th centile 27.0g (sd 16.9), 90th centile 38.2g (sd 22.2). The mean 
differences in placenta weight in the nulliparous mothers for the male 
cohort compared to the female cohort were: 10th centile − 3.6g (sd 
14.9), 50th centile − 5.0g (sd 19.2), 90th centile − 7.7g (sd 24.6). For the 
multiparous mothers, the mean differences of male fetuses to female 
fetuses were: 10th centile 4.8g (sd 5.1), 50th centile 3.8g (sd 6.1), 90th 
centile 0.7 g (sd 7.0) (Supplementary Table 3). 

The centiles that we have created have slight differences to those 
published by Wallace et al. and Ogawa et al. Our centiles have a 
smoother profile to the curves as well as a more defined increasing 
variance with the progression of gestational age. After 36 weeks gesta
tion, our centiles are slightly higher than those produced by both Wal
lace et al. and Ogawa et al. Graphical representations of these 
comparisons can be found in Supplemental Fig. 20. 

Thompson et al. had previously created centiles for placenta weight 
but stratified for only sex using the Norweigian Medical Birth Registry 
[11] and comparison between these centiles and our results show good 
congruence particularly for the MoBa multiparous mothers (Supple
mentary Fig. 20). Where they do differ is in the smoothness of our centile 
curves compared to those produced by Thompson et al. [16]. 

5. Discussion 

This is the largest presentation of age and parity adjusted placenta 

weight and feto-placental weight ratio reference ranges to date and the 
first for a Scandinavian cohort. The placenta weight percentiles were 
reflective of what Wallace et al. and Ogawa et al. found, placenta weight 
was greater for both male and female fetuses, across the entire gesta
tional period in the multiparous cohort, with difference diminishing in 
the late term cohort [6,7]. In contrast to Wallace et al., but in line with 
Ogawa et al., for the feto-placental weight ratio we also found a sig
nificant difference between sexes in the nulliparous and multiparous 
cohorts [6,7]. 

The centiles that we have created have slight differences to those 
published by Wallace et al. and Ogawa et al. Our centiles have a 
smoother profile to the curves as well as a more defined increasing 
variance with the progression of gestational age. After 36 weeks gesta
tion, our centiles are slightly higher than those produced by both Wal
lace et al. and Ogawa et al. Graphical representations of these 
comparisons can be found in Supplemental Fig. 20. These distinctions 
may be explained partially by the contrasts in cohorts’ characteristics. 
Wallace et al. has a similar sample size to our study, however the study 
period expands over 30 years, exposing it to secular trends of maternal 
age, parity and other unexamined temporal influences. Ogawa et al. had 
a smaller study sample over a two-year period with strict inclusion 
criteria, which may have produced a selection bias. There were also 
differences in the measurement of placenta weight between the studies. 
All three studies weighed untrimmed placentas, however variations 
between the studies could also be partially due to the timing, differences 
in collection methods of the placenta (e.g., removal of clots etc.) and in 
the case of Wallace et al. rounding to the nearest 10g. 

The influence of fetal sex on placenta weight has been well docu
mented, with most reference curves adjusting for fetal sex and 

Table 2 
Placenta Weight Centiles for Female Fetuses by Gestational Age and Parity. 
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gestational age [16–19]. In this study, we have been able to demonstrate 
that the influence that parity has on the placenta weight is far greater 
than that exerted by fetal sex, but also interestingly we found that the 
difference is dependent on gestational age. Both these findings could be 
reflective of what happens at the very beginning of pregnancy during 
placentation. 

Primiparity has previously been found to have negative implications 
on the growth of the placenta and subsequent growth of the fetus [20, 
21]. A woman’s first pregnancy is twice as likely to end in stillbirth and 
has a higher maternal risk of suffering preeclampsia [9,22–24]. Impor
tantly, first born fetuses tend to have lower birth weights and are more 
likely to be small for gestational age and/or growth restricted - often as a 
result of an ineffective placenta [20,21]. Inadequate placental size and 
function are often attributed to poor maternal revascularisation in the 
nulliparous pregnancy. Subsequent pregnancies benefit from permanent 
restructuring of the maternal spiral arteries and a biological memory 
that exists as a result of previous pregnancy [9–11]. 

The process of revascularisation plays a complex but intrinsic role in 
human haemochorial placentation. Trophoblastic cells need to suc
cessfully infiltrate both the endometrium and myometrium to enable 
alterations to the maternal uterine spiral arteries [12,13]. Maternally, 
this is preceded by the disruption of the internal elastic lamina of 
maternal vessels after infiltration of myointimal of cells through small 
fenestrations, in readiness for the trophoblastic cell invasion of the 
endometrial capillaries of the maternal spiral arteries [12,13,25,26]. 

Khong et al. suggests that some of these alterations in the maternal endo 
and myometrial vascularity remain after the first pregnancy which 
makes subsequent trophoblast invasion more successful [12]. 

Recent papers by Goldman-Wohl et al. and Gamliel et al. found that 
Natural Killer (NK) cells found in the decidua (dNK) were able to form 
epigenetic memory for subsequent pregnancies [9–11]. The dNK assists 
in the placental bed remodelling by encouraging trophoblast invasion 
and angiogenesis as well facilitating the revascularisation of the spiral 
arteries [9,10]. Goldman-Wohl et al. were able to show that once these 
dNK have been primed during the first pregnancy, they form an epige
netic memory which enables increased efficient and effective placental 
bed remodelling in the ensuing pregnancies [9,10]. 

Events enabling placentation during the first trimester decidua are 
critical for successful reproduction. Trophoblast invasion relies on 
adaptation of the inflammatory and immune responses that minimise 
reaction to the changes in the uterus, and subsequent placenta and fetal 
formation [27]. These physiological changes that happen as a result of 
pregnancy are not fully reversed after the completion of the pregnancy 
which allows for easier revascularisation, resulting in expediting access 
to vital nutrients in subsequent pregnancies [9,10]. This assists the 
growth of the placenta and fetus as well as beneficial long term meta
bolic and neurodevelopment of the child. 

The findings of the strong effect of parity on placental weight reflect 
what has been found from biological studies for the priming of the 
endometrium and epigenetic memory. However, that is not to say that 

Table 3 
Feto-Placental Weight Ratio Centiles for Male Fetuses by Gestational Age and Parity. 
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we should ignore the influence that sex also has on the placenta weight. 
Despite the overall effect of sex appearing to be lesser compared to that 
of parity, the sex-specific placental gene expression, and the differences 
in biomarkers and placental gene-environment interactions also 

influence the revascularisation process [8]. In fact, the influence of sex 
on revascularisation can have important differences especially in 
complicated pregnancies, with for example, the male fetus causing 
reduced microvascular vasodilatation in preeclamptic mothers in 

Table 4 
Feto-Placental Weight Ratio Centiles for Female Fetuses by Gestational Age and Parity. 

Fig. 1. Male placenta weight centiles by gestational age and maternal parity.  
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contrast to normal vasodialtion in preeclamptic mothers of female fe
tuses [8]. 

The limitations of this study are those that are inherent in using 
retrospective cross-sectional data for growth curves. The centiles were 
also only calculated on singleton fetuses and as such are not applicable 
to pregnancies of multiplicity where the increased demand on the 
placenta may have different implications on the influence of sex and or 
parity. Cross-sectional designs only allow for the individual measure of 
placental size or evaluation of the feto-placental weight ratio at specific 
gestational time points and should not be used to assess growth trajec
tory [28]. Curves based on a normal healthy population would be ideal 
to create standards that reflect the optimal placental weight rather than 
references based on the general population. However, the physical 
measurement of a placenta can only be done in the context of birth, 
signifying the end of placental growth. Any birth prior to 37 weeks 
cannot be considered a “normal” reference as there may be biological 
anomalies responsible for the preterm birth, with maternal vascular 
malperfusion lesions alone being present in more than 47% of preterm 
birth placentas [29]. It is possible that the use of the MoBa study cohort 
could be subject to selection bias. Thompson et al. had previously 
created centiles for placenta weight but stratified for only sex using the 
Norweigian Medical Birth Registry [11] and comparison between these 
centiles and our results show good congruence particularly for the MoBa 
multiparous mothers (Supplementary Fig. 20). Where they do differ is in 
the smoothness of our centile curves compared to those produced by 
Thompson et al. 

The easier adaptation of the maternal vascular system to the subse
quent pregnancies ensures adequate perfusion of the placenta and fetus. 
This critical difference between nulliparous and multiparous pregnan
cies results in larger placentas earlier in pregnancy. The importance of 
parity on placenta growth has largely been overlooked in the develop
ment of reference curves. However, while the influence of parity results 
in larger differences than does fetal sex, both have vital implications on a 
healthy placenta and should be considered in unison. Similar to the only 
other two studies, we have illustrated that parity has a great influence on 

the well-being of the placenta and its growth. These adjustments 
improve the accuracy and utility of the centiles, specifically in a Scan
dinavian cohort. However, further work is greatly needed to develop 
methods that can accurately map longitudinal placental measures to 
assess placental growth and trajectory throughout pregnancy. 
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