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Abstract 
Background: Both anaemia and high haemoglobin in pregnancy are 
associated with adverse pregnancy outcomes including foetal growth 
restriction. The objective of this study was to investigate the 
associations between maternal haemoglobin in pregnancy and 
trajectories of length/height and weight from birth through 
childhood. 
Methods: Data from 7,597 singleton pregnancies in the Avon 
Longitudinal Study of Parents and Children (ALSPAC), an ongoing, 
prospective, UK population-based pregnancy cohort study were used. 
We examined associations between maternal haemoglobin (overall 
pregnancy and trimester specific) and offspring length and weight at 
birth, as well as trajectories of height and weight gain from birth to 
age 10 years derived from multilevel models. 
Results: Mean pregnancy haemoglobin was 11.61 g/dL (SD 1.12). For 
each 1g/dL higher mean overall pregnancy haemoglobin, offspring 
were on average -0.30 cm shorter (95%CI: -0.35, -0.24, p <0.001), and -
97.7 g lighter (95%CI: -110.42, -84.93, p <0.001) at birth when 
adjusting for potential confounders. Trimester specific inverse 
associations with birth length and weight were strongest for third 
trimester haemoglobin. There was evidence of a positive association 
between maternal haemoglobin levels and offspring height gain up to 
the age of one year and no strong evidence of associations between 
pregnancy haemoglobin and childhood weight gain. 
Conclusions: In high income countries, higher maternal haemoglobin 
in pregnancy may be a concern, as well as anaemia. Further studies 
are needed to define ‘high’ haemoglobin in pregnancy and whether 
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monitoring of women with high pregnancy haemoglobin is warranted.
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Introduction
The estimated prevalence of anaemia among pregnant women 
is around 38% worldwide1 and is considered to be a ‘moder-
ate’ public health problem by the World Health Organisation 
(WHO)2. In the UK, anaemia, most commonly reflecting iron  
deficiency anaemia (IDA)3 affects some 15% of pregnancies.

There is evidence that maternal anaemia in pregnancy is 
associated with adverse pregnancy outcomes including low  
birthweight, increased risk of pre-term delivery4–6, small-for-
gestational-age babies, perinatal IDA7 and foetal distress8 and 
stillbirth9,10. Furthermore, while infants born at term at a normal 
birth weight have adequate iron stores for the first few months 
of life11, it has been shown that infants of mothers who have  
low iron stores in pregnancy are more likely to develop  
anaemia7,12. While most recent research has focussed on the 
potential adverse effects of low haemoglobin in pregnancy, 
there is also evidence that higher levels of haemoglobin,  
haematocrit, and ferritin are associated with poor pregnancy  
outcomes including stillbirth, foetal growth restriction, pre- 
term delivery, and preeclampsia4,5,13–19.

To the best of our knowledge, the association of maternal hae-
moglobin during pregnancy with offspring growth in childhood 
has not previously been studied. In this study, we examine the 
associations of maternal haemoglobin in pregnancy with off-
spring length and weight at birth, and subsequent growth up 
to the age of 10 years using data from a large, population based  
prospective pregnancy cohort in a high-income country setting.

Methods
Ethical statement
Ethical approval for the study was obtained from the ALSPAC 
Law and Ethics Committee and the Local Research Ethics 
Committees (project approval number B1107). Consent for 
biological samples has been collected in accordance with the 
Human Tissue Act (2004). Informed consent for the use of 
data collected via questionnaires and clinics was obtained  
from participants following the recommendations of the 
ALSPAC Ethics and Law Committee at the time (listed at  
http://www.bristol.ac.uk/alspac/researchers/research-ethics/).

Study population
The Avon Longitudinal Study of Parents and Children (ALSPAC) 
is an ongoing, prospective, population-based, pregnancy cohort 
study. Pregnant women resident in Avon, UK with expected 
dates of delivery 1st April 1991 to 31st December 1992 were 
invited to take part in the study. The initial number of pregnan-
cies enrolled was 14,541. Of these pregnancies, 14,273 singleton 
pregnancies were followed up resulting in 13,617 singleton live  
born offspring who survived to at least one year of age. 7,957 
of these mother-child pairs had complete data included in our 
analysis. Further details of this cohort study have been described 
in detail previously20,21. Please note that the study website con-
tains details of all the data that is available through a fully  
searchable data dictionary and variable search tool at: http://
www.bristol.ac.uk/alspac/researchers/our-data/. Figure 1 shows  
the participants flow-chart for the present study.

Maternal haemoglobin in pregnancy
Values of all routinely measured haemoglobin in pregnancy (in 
g/dL) were extracted from antenatal medical records. Women 
had between one and 20 haemoglobin measurements with a 
mode of three measurements (mean 3.36) across the preg-
nancy. Mean haemoglobin values were calculated for each 
woman with more than one measurement across: i) the entire 
pregnancy; and ii) for each trimester. Trimesters were defined  
as: first trimester (<13 completed weeks of gestation), second  
(≥13 weeks to <26 weeks) and third (≥26 weeks).

Offspring length and weight at birth and during 
childhood
Birth length (crown to heel length) was measured by ALSPAC 
staff who visited newborns soon after birth (median 1 day, 
range 1–14 days) using a Harpenden neonatometer (Holtain 
Ltd)22. Subsequent height data for the children were obtained 
from health visitor records, parental reports and measure-
ments taken at clinic visits, as previously described23. Birth  
weight was extracted from medical records and up to four fur-
ther weight measurements were taken from routine health visi-
tor records (as part of standard UK childcare) at around two, 
10, 21 and 48 months. Additionally, mothers were asked to 
report their child’s height and weight regularly from three years,  
and clinics were carried out at seven, eight, nine, and 10 years 
for all participants and at four, eight, 12 and 18 months for a 
subset of 10% of participants. Height and weight measures  
that were self-reported by parents were coded with a ‘self-
report’ flag. Previous research has demonstrated that the accu-
racy of measurements varies between clinical and parent-reported  
measurements but that measurements from research clinics  
and routine child healthcare records have similar accuracy23,24.

Other measures
Maternal age (in years) at the start of the pregnancy, mater-
nal ethnicity (as a binary variable - white, non-white), parity 
(as a binary variable describing ≤2 pregnancies including the 
study pregnancy or >2 pregnancies), and maternal height were 
all obtained from self-reported questionnaires completed by 
the mother. Maternal pre-pregnancy body mass index (BMI) 
was derived from pre-pregnancy weight self-reported by the 
mother and their self-reported height. Maternal smoking in  
pregnancy, categorised as “None”, “Temporary” and “Through-
out”, was based on self-report. Household social class was  
allocated using the highest parental occupation as self- 
reported by the mother according to the 1991 British Office 
of Population and Census Statistics (OPCS) classification. 
Offspring gender (as a binary variable) was obtained from  
medical records. Gestational age at delivery was based on last 
menstrual period (LMP) when the mother was certain of this, 
for uncertain LMPs and conflicts with clinical assessment the  
ultrasound assessment was used. Where maternal report and 
ultrasound assessment conflicted, an experienced obstetrician  
reviewed clinical records and made a best estimate.

Statistical analysis
Offspring growth trajectories were previously estimated using 
multilevel linear spline models25. Multilevel models permit 

Page 3 of 13

Wellcome Open Research 2020, 5:236 Last updated: 19 OCT 2020

http://www.bristol.ac.uk/alspac/researchers/research-ethics/
http://www.bristol.ac.uk/alspac/researchers/our-data/
http://www.bristol.ac.uk/alspac/researchers/our-data/


Figure 1. Inclusion/exclusion flowchart.

individual variation in growth trajectories with random effects 
allowing each individual participant to have person-specific 
intercepts and slopes. Models had two levels, with measure-
ment occasions at level 1 nested within individuals at level 
2. Knot points were placed at three months, one year, three  
years and 10 years for height and three months, one year, 
seven years and 10 years for weight; with linear changes in  
growth assumed between these ages, as previously described25.

Here, we ran spline models including maternal pregnancy  
haemoglobin (overall pregnancy mean, trimester specific mean) 
as an independent variable in both unadjusted and a confounder 
adjusted models. We considered the following to be potential 
confounders: source of height/weight measurement, gender, 
maternal age, pre-pregnancy BMI and height, length of ges-
tation, ethnicity, maternal pregnancy smoking status, parity, 
and household social class. To ensure comparability between 
unadjusted and adjusted models, only those pregnancies with  
all available covariables were considered in the unadjusted  
model as well as in the adjusted model.

We tested for departure from a linear relationship between 
maternal overall pregnancy haemoglobin and offspring 
growth by comparing a model in which quintiles of maternal  
haemoglobin was entered as a continuous versus four dummy  
variables.

Participants included in our analysis were compared with  
participants of the ALSPAC cohort who were excluded 
from our analysis due to missing data. We compared them 
in terms of household social class, maternal height, weight,  

ethnicity, smoking status and age, and pregnancy gestation 
length, parity and mean Hb using t-tests to compare means for  
continuous data and chi2-tests to compare frequency distributions 
as appropriate.

Data were analysed using Stata Version 13 (StataCorp, College 
Station, TX, USA) with the MLwiN (version 2.36) multilevel  
modelling plug-in tool ‘runmlwin’26.

Results
A total of 7957 singleton pregnancies were included in the  
analyses of overall pregnancy mean haemoglobin. Figure 1 
shows the participant flow chart. Mean overall pregnancy  
haemoglobin was 11.61 g/dL (SD 1.12). Trimester specific  
means were: 12.53 g/dL (SD 0.89; N=5786) for the first  
trimester, 11.90 g/dL (SD 1.04, N=2011) for the second, and  
11.28 g/dL (SD 0.86, N=7512) for the third. 

Mothers excluded from analyses due to missing data were 
shorter, more likely to smoke in pregnancy, to be of non-white 
ethnic origin, to be multiparous and to deliver prematurely. 
Finally, mean pregnancy haemoglobin in excluded pregnancies  
was lower in excluded women, but only marginally (Table 1).

There was no evidence for departure from a linear relation-
ship between maternal pregnancy haemoglobin and offspring  
outcomes.

Height
For each 1g/dL higher mean overall pregnancy haemo-
globin, offspring were on average 0.30 cm shorter at birth  
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(95%CI -0.35, -0.24, p <0.001), when adjusting for potential  
confounders (Table 2). Maternal overall pregnancy haemoglobin 
was positively associated with offspring linear growth between the 
ages of 0-3 months and 3-12 months in both the unadjusted and  
adjusted models, so that differences in birth length did not 
persist beyond the age of 12 months. There was no strong  
evidence of associations with growth beyond the first year. 
Similar associations were noted when each trimester was ana-
lysed separately, with the largest association with birth length  
observed for trimester 3 (mean difference in birth length  
-0.36 cm; 95%CI: -0.41, -0.30; Table 3).

Weight
For each 1g/dL higher mean overall pregnancy haemoglobin, 
offspring were on average -97.7g lighter at birth (95% CI -
110.42g to -84.93g, p <0.001), when adjusting for potential 
confounders (Table 4). Overall pregnancy haemoglobin was 
positively associated with offspring weight gain between the 
ages of 3–12 months and 7–10 years in the unadjusted model 
(p <0.001), but in the adjusted model only the association  
with weight gain between 3–12 months remained. By the age 
of 12 months the mean difference was less than 40g (calcu-
lated by summing the effect estimates for birth weight and 

Table 1. Characteristics of mothers included and excluded from analyses.

Participants included in 
our analysis

Participants 
excluded from our 
analysis

p-value

No. % No. %

Gender 7957 5565 0.10

Female 3900 49.0 2647 33.3

Ethnicity 7957 3998 <0.01

Non-white 135 1.7 173 4.3

Household social class 7957 1285 <0.01

i 1235 15.5 144 11.2

ii 3597 45.2 546 42.5

iiinm 2183 27.4 370 28.8

iiim 700 8.8 175 13.6

iv/v 242 3.0 50 3.9

Maternal smoking during 
pregnancy

7957 4738 <0.01

Never 6367 80.0 3095 65.3

Temporary/Some 459 5.8 419 8.8

Throughout 1131 14.2 1224 25.8

Parity 7957 4785 <0.01

≤2 pregnancies 7658 96.2 4345 90.8

No. Mean (SD) No. Mean (SD)

Maternal height (cm) 7957 164.21 (6.66) 3894 163.43 (6.84) <0.01

Maternal BMI (kg/m2) 7957 22.91 (3.72) 3239 23.02 (4.19) 0.19

Maternal age (years) 7957 28.68 (4.58) 5565 26.94 (5.33) <0.01

Gestation (weeks) 7957 39.54 (1.68) 5565 39.39 (2.04) <0.01

Mean pregnancy Hb (g/dL) 7957 11.72 (0.80) 4891 11.61 (0.87) <0.01
BMI, body mass index; Hb, haemoglobin; SD, standard deviation.
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Table 3. Trimester specific associations between maternal pregnancy haemoglobin (g/dL) and birth length and height 
gain*.

1st trimester 2nd trimester 3rd trimester

N = 5786 N = 2011 N = 7512

Mean 
diff.

95% CI p value Mean 
diff.

95% CI p value Mean 
diff.

95% CI p value

Birth length (cm) -0.07 (-0.13, 0.003) 0.04 -0.15 (-0.23, -0.06) <0.001 -0.36 (-0.41, -0.30) <0.001

Height gain from 0–3 
months (cm/year)

0.07 (-0.21, 0.34) 0.63 0.15 (-0.25, 0.54) 0.47 0.28 (0.04, 0.53) 0.02

Height gain from 3–12 
months (cm/year)

-0.03 (-0.22, 0.16) 0.76 -0.05 (-0.35, 0.25) 0.75 0.24 (0.07, 0.42) 0.01

Height gain from 1–3 
years (cm/year)

0.03 (-0.02, 0.09) 0.23 0.06 (-0.02, 0.14) 0.16 -0.02 (-0.07, 0.03) 0.52

Height gain from 3–10 
years (cm/year)

0.003 (-0.02, 0.02) 0.82 -0.03 (-0.06, 0.003) 0.08 0.01 (-0.01, 0.03) 0.33

* Results are from the confounder adjusted model that includes: source of measurement, gender, maternal BMI, maternal height, maternal age, 
gestation, ethnicity, maternal pregnancy smoking status, parity, household social class.

BMI, body mass index; CI, confidence interval.

Table 2. Associations between mean overall pregnancy haemoglobin (g/dL) and birth length and 
height change.

Model 1 Model 2

N = 7957 Mean 
diff.

95% CI p value Mean diff. 95% CI p value

Birth length difference (cm) -0.22 (-0.27, -0.16) <0.001 -0.30 (-0.36, -0.24) <0.001

Change in height from 0–3 
months (cm/year)

0.25 (0.04, 0.46) 0.02 0.25 (0.001, 0.51) 0.05

Change in height from 3–12 
months (cm/year)

0.24 (0.09, 0.39) 0.002 0.17 (-0.01, 0.35) 0.07

Change in height from 1–3 
years (cm/year)

0.003 (-0.04, 0.05) 0.86 -0.01 (-0.06, 0.05) 0.84

Change in height from 3–10 
years (cm/year)

0.02 (0.01, 0.04) 0.01 0.01 (-0.01, 0.03) 0.57

Model 1 – unadjusted.

Model 2 – adjusted for confounders; source of measurement, gender, maternal BMI, maternal height, maternal age, 
gestational age at delivery, ethnicity, maternal pregnancy smoking status, parity, household social class.

BMI, body mass index; CI, confidence interval.

weight gain 0–3 and 2–12 months). When we examined each 
trimester separately (Table 5), mean maternal haemoglobin in 
each trimester was negatively associated with birth weight; the  
largest effect was observed for the third trimester: for each  
1g/dL higher haemoglobin, offspring were on average -112.0 
g lighter at birth (95% CI -124.27g to -99.68g, p <0.001),  
when adjusting for potential confounders.

Sensitivity analyses
In analyses excluding all women with mean pregnancy  
haemoglobin >2 standard deviations away from the mean  

(outside 10.07 to 13.3 g/dL), results for both height and weight 
were largely unchanged, suggesting that associations are not  
driven by extreme values of pregnancy haemoglobin.

We repeated analyses using multiple linear regression using 
observed birth length and weight data (as opposed to predicted 
values from the multilevel model used in the main analysis. 
These showed similar associations to the main results: a 1g/dL 
increase in mean haemoglobin was associated with a 0.31 cm 
lower birth length (95%CI -0.37 to -0.25cm, p<0.001; N=6196 
pregnancies) and a 101g lower birth weight (95%CI -114  
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Table 5. Trimester specific associations between maternal pregnancy haemoglobin (g/dL) and birth length and childhood 
height gain*.

Change of 1g/dL mean Hb in first 
trimester

Change of 1g/dL mean Hb in 
second trimester

Change of 1g/dL mean Hb in third 
trimester

N = 5784 N = 2011 N = 7510

Change 95% CI p value Change 95% CI p value Change 95% CI p value

Change in birth 
weight (g)

-22.56 (-36.37, -8.76) 0.001 -45.86 (-65.52, -26.19) <0.001 -111.97 (-124.27, -99.68) <0.001

Change in 
weight from 
0–3 months 
(g/year)

-64.51 (-141.63, 12.61) 0.10 -71.39 (-180.40, 37.63) 0.20 68.07 (-1.40, 137.55) 0.06

Change in 
weight from 
3–12 months 
(g/year)

60.75 (1.36, 120.14) 0.05 50.17 (-35.05, 135.40) 0.25 55.78 (2.24, 109.32) 0.04

Change in 
weight from 
1–7 years  
(g/year)

-5.01 (-20.76, 10.75) 0.53 -19.14 (-41.71, 3.43) 0.10 -5.41 (-19.86, 9.05) 0.46

Change in 
weight from 
7–10 years 
(g/year)

12.21 (-50.31, 74.74) 0.70 -82.24 (-172.27, 7.79) 0.07 27.03 (-29.79, 83.85) 0.35

* Results are from the confounder adjusted model that includes: source of measurement, gender, maternal BMI, maternal height, maternal age, gestation, 
ethnicity, maternal pregnancy smoking status, parity, household social class.

BMI, body mass index; CI, confidence interval; Hb, heomoglobin.

Table 4. Associations between mean overall pregnancy haemoglobin (g/dL) and birth weight and 
childhood weight gain.

Model 1 Model 2

N = 7954 Mean 
diff.

95% CI p value Mean 
diff.

95% CI p value

Birth weight (g) -68.04 (-79.80, -56.27) <0.001 -97.67 (-110.42, -84.93) <0.001

Weight gain from 0–3 months 
(g/year)

47.07 (-13.81, 107.94) 0.13 39.32 (-32.58, 111.23) 0.28

Weight gain from 3–12 months 
(g/year)

91.35 (46.26, 136.44) <0.001 66.79 (11.35, 122.23) 0.02

Weight gain from 1–7 years 
(g/year)

5.41 (-6.85, 17.68) 0.39 -9.57 (-24.42, 5.28) 0.21

Weight gain from 7–10 years 
(g/year)

102.14 (50.87, 153.40) <0.001 25.69 (-32.67, 84.05) 0.86

Model 1 – unadjusted.

Model 2 – adjusted for confounders: source of measurement, gender, maternal BMI, maternal height, maternal age, gestational 
age at delivery, ethnicity, maternal pregnancy smoking status, parity, household social class.

BMI, body mass index; CI, confidence interval.

to -88g, p<0.001; N=6092 pregnancies) when adjusted for  
confounders. Finally, results did not substantially change 
when analyses were restricted to mother-offspring pairs with  
haemoglobin measures in all three trimesters (N=507).

Discussion
In this study, we found that both overall and trimester spe-
cific mean maternal pregnancy haemoglobin were inversely 
associated with offspring birth length and weight in a  
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general population sample of British women. These asso-
ciations were most pronounced for haemoglobin in the third  
trimester compared to the first and second trimester. However,  
these differences did not persist into childhood. 

Our results for birth weight and length are in line with sev-
eral reports based on large samples from international  
studies. A large (n= 153,602) UK retrospective cohort study 
found that the heaviest babies were born to women with lower  
haemoglobin: 85 to 95 g/dL when compared to other haemo-
globin bands from ≤85 through to >14513. Another UK study 
found that both low (defined as <10.4 g/dL) and high haemo-
globin (>13.2 g/dL) in early pregnancy were associated with 
adverse pregnancy outcomes including perinatal death, pre-
term delivery, and low birthweight14. Studies in the US have  
shown that higher pregnancy haemoglobin is associated with 
adverse outcomes such as foetal growth retardation15 and small-
for-gestational-age babies16. Additionally, a large (n=10,340 
women) Chinese study found that a low (<130g/dL) second tri-
mester haemoglobin, when coupled with a high (>130 g/dL) 
haemoglobin in the third trimester increased the risk of pre-
term birth27. Finally, in the Generation R study, elevated  
haemoglobin levels (≥13.2 g/dl) were associated with foetal 
head circumference, length, and weight growth restriction from 
the third trimester onwards, as well as low birth weight and 
small-for-gestational-age babies, and hypertensive disorders of  
pregnancy and preterm delivery28.

Despite this evidence, there is a focus on the potential adverse 
effects of lower pregnancy haemoglobin levels and on assess-
ing the benefits of supplementation29–32. The rationale for this in 
low- and middle-income countries (LMICs) where undernutri-
tion is highly prevalent is understandable, but in high income 
countries, our own and other results suggest that it is higher  
haemoglobin that is associated with suboptimal foetal growth.

Maternal blood volume increases by approximately 1.5 litres 
during pregnancy33 and red cell mass also increases but to 
a lesser degree compared to the increase in plasma volume, 
resulting in a dilutional anaemia34. It has been previously pos-
ited that this drop in blood osmolality in pregnancy due to 
plasma dilution would result in reduced blood viscosity; this in  
turn enhances blood flow in the low pressure intervillous space 
and thus promotes foetal growth18. Conversely, a pathologi-
cal lack of plasma dilution during pregnancy might result in 
poorer foetal growth. Therefore, in well-nourished populations, 
higher maternal haemoglobin levels in pregnancy may reflect 
impaired haemodilution resulting in reduced foetal growth.  
An alternative explanation may be that larger foetuses place 
greater demands on maternal resources, potentially causing lower  
maternal haemoglobin.

There is no consensus as to threshold values for normal (and 
thus abnormal) haemoglobin across the different stages of 
pregnancy. The World Health Organisation1 defines anaemia 
in pregnancy to be <11.0 g/dL and accounts for smoking and 
altitude when providing prevalence estimates but it does not  
define an upper limit of normal haemoglobin in pregnancy. UK 
National Institute for Clinical and Health Excellence (NICE)35 
also considers a pregnancy haemoglobin value <11.0 g/dL 
to be abnormal ‘at first contact’, and lowers the threshold to 

<10.5 g/dL at 28 weeks gestation, but no upper normal values 
are specified. A review of publications of laboratory values in  
pregnancy found five studies that provided normal haemo-
globin reference ranges (2.5 percentile to 97.5 percentile). These 
were 11.6-13.9 g/dL in first trimester, 9.7-14.8 g/dL in second  
trimester and 9.5-15.0 g/dL in third trimester36.

Future studies of haemoglobin and other iron indices in preg-
nancy and their relation to pregnancy outcomes in high income 
settings could be useful in establishing whether maternal  
haemoglobin, which is routinely measured, may be an inex-
pensive and useful biomarker for detecting pregnancies at risk 
for suboptimal foetal growth that may benefit from further  
assessment.

Our study has both strengths and limitations. Strengths include 
its prospective design, large sample size, the availability of mul-
tiple measures of both haemoglobin across pregnancy and of 
offspring height and weight as well as data on multiple poten-
tial confounders. However, we did not have data on other indi-
ces of iron deficiency such as ferritin and haematocrit that 
would have enabled better characterisation of anaemia by type.  
Moreover, information on haematinics would have allowed 
us to examine the ratio of the red blood cell volume to plasma  
volume to assess and account for physiological plasma dilution.

In conclusion, higher maternal pregnancy haemoglobin is asso-
ciated with lower offspring birth length and weight of the  
infant; but these differences do not persist across childhood. 
High maternal haemoglobin in pregnancy may be a biomarker  
of impaired haemodilution. Further studies examining the pre-
dictive value of maternal pregnancy haemoglobin in relation to  
foetal growth restriction are warranted.

Data availability
ALSPAC encourage data sharing to maximise use of the 
resource, so the executive may put researchers in touch with 
other groups working in the same area. Most of the data are 
available for use on request and for these data that are not  
considered of overlap. The identical dataset for this project can  
be obtained with the unique project approval number: B1107.

ALSPAC data access is through a system of managed open 
access. The steps below highlight how to apply for access to  
the data included in this data note and all other ALSPAC data:

1.   �Please read the ALSPAC access policy (http://www.
bristol.ac.uk/media-library/sites/alspac/documents/
researchers/data-access/ALSPAC_Access_Policy.pdf) 
which describes the process of accessing the data and 
samples in detail, and outlines the costs associated with 
doing so.

2. � � �You may also find it useful to browse our fully searchable 
research proposals database (https://proposals.epi.bristol.
ac.uk/?q=proposalSummaries), which lists all research 
projects that have been approved since April 2011.

3.   �Please submit your research proposal (https://proposals.
epi.bristol.ac.uk/) for consideration by the ALSPAC 
Executive Committee. You will receive a response within 
10 working days to advise you whether your proposal  
has been approved.
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If you have any questions about accessing data, please email  
alspac-data@bristol.ac.uk.

Acknowledgements
YVP is currently an NIHR Academic Clinical Fellow in  
Primary Care and would like to thank the Severn Deanery for  
the opportunity to complete this research during both an  

Academic Foundation Programme and a Clinical/Education  
Fellow post at the University Hospitals Bristol.

We are extremely grateful to all the families who took  
part in this study, the midwives for their help in recruiting 
them, and the whole ALSPAC team, which includes interview-
ers, computer and laboratory technicians, clerical workers, 
research scientists, volunteers, managers, receptionists and  
nurses.

References

1. 	 Stevens GA, Finucane MM, De-Regil LM, et al.: Global, regional, and national 
trends in haemoglobin concentration and prevalence of total and severe 
anaemia in children and pregnant and non-pregnant women for 1995-
2011: a systematic analysis of population-representative data. Lancet Glob 
Health. Elsevier; 2013; 1(1): e16–25.  
PubMed Abstract | Publisher Full Text | Free Full Text 

2. 	 de Benoist B, McLean E, Egli I, et al.: Worldwide prevalence of anaemia 1993 
- 2005. 2008; 1–40.  
Reference Source

3. 	 World Health Organization: The Global Prevalence of Anaemia (2011) WHO 
Library Cataloguing-in-Publication Data. 2011.  
Reference Source

4. 	 Scholl TO: Iron status during pregnancy: setting the stage for mother and 
infant. Am J Clin Nutr. 2005; 81(5): 1218S–1222S.  
PubMed Abstract | Publisher Full Text 

5. 	 Zhang X, Xu Q, Yang Y, et al.: Preconception Hb concentration and risk of 
preterm birth in over 2·7 million Chinese women aged 20-49 years: a 
population-based cohort study. Br J Nutr. 2018; 120(5): 508–516.  
PubMed Abstract | Publisher Full Text 

6. 	 Rahmati S, Azami M, Badfar G, et al.: The relationship between maternal 
anemia during pregnancy with preterm birth: a systematic review and 
meta-analysis. J Matern Fetal Neonatal Med. Taylor & FrancisMilton Park, 
Abingdon, Oxon; 2020; 33(15): 2679–2689.  
PubMed Abstract | Publisher Full Text 

7. 	 Colomer J, Colomer C, Gutierrez D, et al.: Anaemia during pregnancy as a risk 
factor for infant iron deficiency: report from the Valencia Infant Anaemia 
Cohort (VIAC) study. Paediatr Perinat Epidemiol. 1990; 4(2): 196–204.  
PubMed Abstract | Publisher Full Text 

8. 	 Smithers LG, Gialamas A, Scheil W, et al.: Anaemia of pregnancy, perinatal 
outcomes and children’s developmental vulnerability: a whole-of-
population study. Paediatr Perinat Epidemiol. 2014; 28(5): 381–90.  
PubMed Abstract | Publisher Full Text 

9. 	 Lone FW, Qureshi RN, Emanuel F: Maternal anaemia and its impact on 
perinatal outcome. Trop Med Int Heal. 2004; 9(4): 486–90.  
PubMed Abstract | Publisher Full Text 

10. 	 Nair M, Knight M, Robinson S, et al.: Pathways of association between 
maternal haemoglobin and stillbirth: path-analysis of maternity data from 
two hospitals in England. BMJ Open. British Medical Journal Publishing Group; 
2018; 8(4): e020149.  
PubMed Abstract | Publisher Full Text | Free Full Text 

11. 	 Booth IW, Aukett MA: Iron deficiency anaemia in infancy and early 
childhood. Arch Dis Child. BMJ Publishing Group Ltd; 1997; 76(6): 549–53; 
discussion 553-4.  
PubMed Abstract | Publisher Full Text | Free Full Text 

12. 	 Morton RE, Nysenbaum A, Price K: Iron status in the first year of life. J Pediatr 
Gastroenterol Nutr. 1988; 7(5): 707–12.  
PubMed Abstract | Publisher Full Text 

13. 	 Steer P, Alam MA, Wadsworth J, et al.: Relation between maternal 
haemoglobin concentration and birth weight in different ethnic groups. 
BMJ. 1995; 310(6978): 489–91.  
PubMed Abstract | Publisher Full Text | Free Full Text 

14. 	 Murphy JF, O’Riordan J, Newcombe RG, et al.: Relation of haemoglobin levels 
in first and second trimesters to outcome of pregnancy. Lancet. 1986; 
1(8488): 992–5.  
PubMed Abstract | Publisher Full Text 

15. 	 Lu ZM, Goldenberg RL, Cliver SP, et al.: The relationship between maternal 
hematocrit and pregnancy outcome. Obstet Gynecol. 1991; 77(2): 190–4. 
PubMed Abstract | Publisher Full Text 

16. 	 Scanlon KS, Schieve LA, Cogswell ME: High and low hemoglobin levels during 

pregnancy: differential risks for preterm birth and small for gestational 
age. Obstet Gynecol. 2000; 96(5 Pt 1): 741–8.  
PubMed Abstract | Publisher Full Text 

17. 	 Steer CD, Golding J, Bolton PF: Traits contributing to the autistic spectrum. 
Bochdanovits Z, editor. PLoS One. Public Library of Science; 2010; 5(9): e12633. 
PubMed Abstract | Publisher Full Text | Free Full Text 

18. 	 Steer PJ: Maternal hemoglobin concentration and birth weight. Am J Clin 
Nutr. American Society for Nutrition; 2000; 71(5 SUPPL): 1285S–7S.  
PubMed Abstract | Publisher Full Text 

19. 	 Stephansson O: Maternal hemoglobin concentration during pregnancy and 
risk of stillbirth. JAMA. American Medical Association; 2000; 284(20): 2611–7. 
PubMed Abstract | Publisher Full Text 

20. 	 Boyd A, Golding J, Macleod J, et al.: Cohort Profile: the ‘children of the 
90s’--the index offspring of the Avon Longitudinal Study of Parents and 
Children. Int J Epidemiol. 2013; 42(1): 111–27.  
PubMed Abstract | Publisher Full Text | Free Full Text 

21. 	 Fraser A, Macdonald-Wallis C, Tilling K, et al.: Cohort Profile: the Avon 
Longitudinal Study of Parents and Children: ALSPAC mothers cohort. Int J 
Epidemiol. Oxford University Press; 2013; 42(1): 97–110.  
PubMed Abstract | Publisher Full Text | Free Full Text 

22. 	 Tilling K, Macdonald-Wallis C, Lawlor DA, et al.: Modelling childhood growth 
using fractional polynomials and linear splines. Ann Nutr Metab. 2014;  
65(2–3): 129–38.  
PubMed Abstract | Publisher Full Text | Free Full Text 

23. 	 Howe LD, Tilling K, Lawlor DA: Accuracy of height and weight data from child 
health records. Arch Dis Child. 2009; 94(12): 950–4.  
PubMed Abstract | Publisher Full Text 

24. 	 O’Connor DP, Gugenheim JJ: Comparison of measured and parents’ reported 
height and weight in children and adolescents. Obesity (Silver Spring). 2011; 
19(5): 1040–6.  
PubMed Abstract | Publisher Full Text 

25. 	 Howe LD, Tilling K, Matijasevich A, et al.: Linear spline multilevel models for 
summarising childhood growth trajectories: A guide to their application 
using examples from five birth cohorts. Stat Methods Med Res. SAGE 
Publications; 2016; 25(5): 1854–74.  
PubMed Abstract | Publisher Full Text | Free Full Text 

26. 	 Leckie G, Charlton C: runmlwin : A Program to Run the MLwiN Multilevel 
Modeling Software from within Stata. J Stat Softw. 2012; 52(11): 1–40. 
Publisher Full Text 

27. 	 Zhang Y, Li Z, Li H, et al.: Maternal haemoglobin concentration and risk of 
preterm birth in a Chinese population. J Obstet Gynaecol. Taylor & Francis; 
2018; 38(1): 32–7.  
PubMed Abstract | Publisher Full Text 

28. 	 Gaillard R, Eilers PHC, Yassine S, et al.: Risk factors and consequences of 
maternal anaemia and elevated haemoglobin levels during pregnancy: a 
population-based prospective cohort study. Paediatr Perinat Epidemiol. 2014; 
28(3): 213–26.  
PubMed Abstract | Publisher Full Text 

29. 	 Peña-Rosas JP, De-Regil LM, Dowswell T, et al.: Intermittent oral iron 
supplementation during pregnancy. Peña-Rosas JP, editor. Cochrane Database 
Syst Rev. Chichester, UK: John Wiley & Sons, Ltd; 2015; 7(7): CD009997.  
PubMed Abstract | Publisher Full Text | Free Full Text 

30. 	 Krafft A: Iron supplementation in pregnancy. BMJ. British Medical Journal 
Publishing Group; 2013; 347(9): f4399.  
PubMed Abstract | Publisher Full Text 

31. 	 Arija V, Fargas F, March G, et al.: Adapting iron dose supplementation in 
pregnancy for greater effectiveness on mother and child health: protocol 
of the ECLIPSES randomized clinical trial. BMC Pregnancy Childbirth. BioMed 

Page 9 of 13

Wellcome Open Research 2020, 5:236 Last updated: 19 OCT 2020

mailto:alspac-data@bristol.ac.uk
http://www.ncbi.nlm.nih.gov/pubmed/25103581
http://dx.doi.org/10.1016/S2214-109X(13)70001-9
http://www.ncbi.nlm.nih.gov/pmc/articles/4547326
https://apps.who.int/iris/bitstream/handle/10665/43894/9789241596657_eng.pdf?ua=1
https://apps.who.int/iris/bitstream/handle/10665/177094/9789241564960_eng.pdf?sequence=1
http://www.ncbi.nlm.nih.gov/pubmed/15883455
http://dx.doi.org/10.1093/ajcn/81.5.1218
http://www.ncbi.nlm.nih.gov/pubmed/29986785
http://dx.doi.org/10.1017/S0007114518001721
http://www.ncbi.nlm.nih.gov/pubmed/30522368
http://dx.doi.org/10.1080/14767058.2018.1555811
http://www.ncbi.nlm.nih.gov/pubmed/2362876
http://dx.doi.org/10.1111/j.1365-3016.1990.tb00638.x
http://www.ncbi.nlm.nih.gov/pubmed/25225007
http://dx.doi.org/10.1111/ppe.12149
http://www.ncbi.nlm.nih.gov/pubmed/15078267
http://dx.doi.org/10.1111/j.1365-3156.2004.01222.x
http://www.ncbi.nlm.nih.gov/pubmed/29627813
http://dx.doi.org/10.1136/bmjopen-2017-020149
http://www.ncbi.nlm.nih.gov/pmc/articles/5892753
http://www.ncbi.nlm.nih.gov/pubmed/9245860
http://dx.doi.org/10.1136/adc.76.6.549
http://www.ncbi.nlm.nih.gov/pmc/articles/1717209
http://www.ncbi.nlm.nih.gov/pubmed/3183875
http://dx.doi.org/10.1097/00005176-198809000-00015
http://www.ncbi.nlm.nih.gov/pubmed/7888886
http://dx.doi.org/10.1136/bmj.310.6978.489
http://www.ncbi.nlm.nih.gov/pmc/articles/2548871
http://www.ncbi.nlm.nih.gov/pubmed/2871331
http://dx.doi.org/10.1016/s0140-6736(86)91269-9
http://www.ncbi.nlm.nih.gov/pubmed/1988879
http://dx.doi.org/10.1097/00006250-199102000-00005
http://www.ncbi.nlm.nih.gov/pubmed/11042311
http://dx.doi.org/10.1016/s0029-7844(00)00982-0
http://www.ncbi.nlm.nih.gov/pubmed/20838614
http://dx.doi.org/10.1371/journal.pone.0012633
http://www.ncbi.nlm.nih.gov/pmc/articles/2935882
http://www.ncbi.nlm.nih.gov/pubmed/10799403
http://dx.doi.org/10.1093/ajcn/71.5.1285s
http://www.ncbi.nlm.nih.gov/pubmed/11086368
http://dx.doi.org/10.1001/jama.284.20.2611
http://www.ncbi.nlm.nih.gov/pubmed/22507743
http://dx.doi.org/10.1093/ije/dys064
http://www.ncbi.nlm.nih.gov/pmc/articles/3600618
http://www.ncbi.nlm.nih.gov/pubmed/22507742
http://dx.doi.org/10.1093/ije/dys066
http://www.ncbi.nlm.nih.gov/pmc/articles/3600619
http://www.ncbi.nlm.nih.gov/pubmed/25413651
http://dx.doi.org/10.1159/000362695
http://www.ncbi.nlm.nih.gov/pmc/articles/4264511
http://www.ncbi.nlm.nih.gov/pubmed/19689966
http://dx.doi.org/10.1136/adc.2009.162552
http://www.ncbi.nlm.nih.gov/pubmed/21127476
http://dx.doi.org/10.1038/oby.2010.278
http://www.ncbi.nlm.nih.gov/pubmed/24108269
http://dx.doi.org/10.1177/0962280213503925
http://www.ncbi.nlm.nih.gov/pmc/articles/4074455
http://dx.doi.org/10.18637/jss.v052.i11
http://www.ncbi.nlm.nih.gov/pubmed/28741390
http://dx.doi.org/10.1080/01443615.2017.1325454
http://www.ncbi.nlm.nih.gov/pubmed/24506330
http://dx.doi.org/10.1111/ppe.12112
http://www.ncbi.nlm.nih.gov/pubmed/22786531
http://dx.doi.org/10.1002/14651858.CD009997
http://www.ncbi.nlm.nih.gov/pmc/articles/4053594
http://www.ncbi.nlm.nih.gov/pubmed/23843551
http://dx.doi.org/10.1136/bmj.f4399


Central; 2014; 14: 33.  
PubMed Abstract | Publisher Full Text | Free Full Text 

32. 	 Ba H, Za B: Multiple-micronutrient supplementation for women during 
pregnancy. Bhutta ZA, editor. Cochrane Database Syst Rev. Chichester, UK: John 
Wiley & Sons, Ltd; 2016; (11).  
Reference Source

33. 	 Ramsay M: Normal hematological changes during pregnancy and the 
puerperium. In: Pavord S, Hunt B, editors. The Obstetric Hematology Manual. 
Cambridge, UK: Cambridge University Press; 2010; 1–11.  
Publisher Full Text

34. 	 Chandra S, Tripathi AK, Mishra S, et al.: Physiological changes in 
hematological parameters during pregnancy. Indian J Hematol Blood 
Transfus. 2012; 28(3): 144–6.  
PubMed Abstract | Publisher Full Text | Free Full Text 

35. 	 National Institute for Health and Clinical Excellence: Antenatal care for 
uncomplicated pregnancies [CG62]. London: NICE; 2017.  
Reference Source

36. 	 Abbassi-Ghanavati M, Greer LG, Cunningham FG: Pregnancy and laboratory 
studies: a reference table for clinicians. Obstet Gynecol. 2009; 114(6): 1326–31.  
PubMed Abstract | Publisher Full Text 

Page 10 of 13

Wellcome Open Research 2020, 5:236 Last updated: 19 OCT 2020

http://www.ncbi.nlm.nih.gov/pubmed/24438754
http://dx.doi.org/10.1186/1471-2393-14-33
http://www.ncbi.nlm.nih.gov/pmc/articles/3898489
https://www.who.int/elena/titles/micronutrients_pregnancy/en/
http://dx.doi.org/10.1017/CBO9780511676451.002
http://www.ncbi.nlm.nih.gov/pubmed/23997449
http://dx.doi.org/10.1007/s12288-012-0175-6
http://www.ncbi.nlm.nih.gov/pmc/articles/3422383
https://www.nice.org.uk/guidance/cg62
http://www.ncbi.nlm.nih.gov/pubmed/19935037
http://dx.doi.org/10.1097/AOG.0b013e3181c2bde8


Open Peer Review
Current Peer Review Status:  

Version 1

Reviewer Report 19 October 2020

https://doi.org/10.21956/wellcomeopenres.17891.r40801

© 2020 Norris T. This is an open access peer review report distributed under the terms of the Creative Commons 
Attribution License, which permits unrestricted use, distribution, and reproduction in any medium, provided the 
original work is properly cited.

Tom Norris   
School of Sport, Exercise and Health Sciences, Loughborough University, Loughborough, UK 

I enjoyed reading the manuscript, which documents the association between maternal 
haemoglobin during pregnancy and growth in infancy and childhood.  
 
The authors investigated continuous Hb levels across gestation and the association with weight 
and length at birth and then subsequent growth trajectories across infancy and childhood (up to 
10 years). They observed an inverse association between Hb levels and size and birth, such that 
higher Hb levels were associated with a smaller birth length and lower birth weight. Thereafter, 
they observed an increased growth rate in length between 0-3 months and 3-12 months and 
weight change between 3-12 months. However, the strength of evidence for the association 
between Hb levels and growth, both linear and weight growth, was weak.  
 
I have more specific comments below, split into the sections in which they apply. 
 
Methods:

Study population (page 3): Did all dyads have to have all three Hb. 
 

○

Maternal haemoglobin in pregnancy (page 3): The authors state that the range of Hb 
measurements in the sample was 1-20 and i was wondering if the authors had considered 
the reasons why a woman would need such a high amount of Hb measurements. Does this 
increased surveillance signify a higher risk pregnancy, which should be acknowledged 
accordingly. I believe current UK guidelines are for two Hb measurements over the course 
of pregnancy, so the fact that a lot of women in the sample have had some increased 
surveillance, the reasons for which and their implications on representativeness should be 
considered. 
 

○

Offspring weight and length data (page 3): The authors acknowledge that their is varying 
accuracy in measurements taken in different settings and if measured vs self-report. 
However, did they incorporate this into the growth models, i.e. did they model the level-1 
error according to whether data were measured vs self report? 

○
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Can the authors provide a breakdown of the sweeps and the number of participants 
attending each sweep as a supplementary table. This can help identify whether the chosen 
growth model is suitable for the data and the number of sweeps (i.e. not overfitting). 
 

○

Other measures (page 3): 'sex' and not 'gender'? 
 

○

Statistical analysis (page 4): How were knot points chosen (both number and location)? 
 

○

What was the variance/covariance structure assumed to be, e.g. covar between birth 
measurements and measurements in infancy? 
 

○

I am not sure about the use of the term confounders for some of these variables. For 
example, using the traditional definition of confounder, does source of measurement 
predict both maternal Hb and growth? The same can be asked of offspring gender, length 
of gestation, parity and perhaps some of the others? If however, these have been identified 
as confounders because they close the backdoor path between Hb and growth, then i think 
this should be documented and a DAG presented.

○

 
Results (page 4):

The second trimester sample size was much smaller than the first and third? Is this because 
routine testing is generally in first and third trimesters in UK? Is the sample therefore 
including a high proportion of women deemed at 'higher risk' (i.e., as they have more 
intensive monitoring in pregnancy?). It appears the 3rd trimester Hb data is based on a 
much larger sample than even the first, which is surprising? Do the authors have any 
suggestion as to why this might be? 
 

○

Table 1 (page 5): can the authors provide a footnote for social class levels 
 

○

Height and weight associations (page 5 and tables 2 and 4): In general i think the strength 
of evidence is not particularly strong for the association between Hb levels and growth in 
both length and weight and i think this should be emphasised in the results and discussion.  
 

○

Weight (page 5): i know gestational age is included in the model as a confounder, but given 
that this is likely not a confounder in the true meaning of the word, did the authors consider 
using a birth weight outcome variable which was inherently adjusted for gest age, i.e., bwt 
z-score? This may well complicate the analysis though, as the infant/child outcomes are on 
the raw scale, not z-scores. 
 

○

Tables 2,3: There are instances where the number of decimal places is not consistent in the 
confidence intervals and I think this may have been done to illustrate that the intervals are 
not including the null. I think the number of decimal places should be the same throughout. 
Additionally can the authors please check the CI and p-value for the estimate for birth 
length in table 3 as the CIs straddle the null but the accompanying p-value doesn't reflect 
this? 

○

 
Is the work clearly and accurately presented and does it cite the current literature?
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