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Abstract
Excessive gestational weight gain (GWG) increases the risk of maternal anaemia during pregnancy, but whether it is associated with offspring
anaemia has not been investigated. We aimed to prospectively investigate the association of GWG rate in the second/third trimester with infant
Hb concentration and anaemia risk. The present study comprised 13 765 infants born during 2006–2009 tomothers who participated in a trial on
prenatal micronutrient supplementation. The GWGwas calculated by subtracting the maternal weight at enrolment from that at end-pregnancy.
TheGWG ratewas calculated as dividing theGWGby number of weeks between the twomeasurements and classified into quintiles within each
category of maternal BMI. Infant Hb concentrations were measured at 6 and 12months of age, and anaemia was defined as an Hb concentration
<110 g/l. Of the 13 765 infants, 949 (6·9 %) were anaemic at 6 months and 728 (5·3 %) at 12 months. The GWG rate was inversely and linearly
associated with the infant Hb concentrations at both 6 and 12 months (P< 0·001 for linearity). Compared with the middle quintile of GWG rate,
the highest quintile was associated with an increased risk of anaemia at 6 months (adjusted OR 1·30, 95 % CI 1·07, 1·59) and 12 months (adjusted
OR 1·74, 95 % CI 1·40, 2·17). The associations were consistently mediated by maternal anaemia during pregnancy (P< 0·001). In conclusion,
excessive GWG rate appears to be associated with an increased risk of infant anaemia, partly independent of maternal anaemia during preg-
nancy that mediates the association.
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Anaemia in children remains epidemic worldwide(1), adversely
affecting their cognitive, motor and behavioural development(2).
In 2011, 273 million children under 5 years of age were anaemic,
with a prevalence as high as 43 %(3). The underlying reasons are
complex. Maternal nutrition during pregnancy, in addition
to infection and maternal anaemia, is crucial(1,4). Gestational
weight gain (GWG) is a comprehensive indicator of maternal
nutritional status, reflecting maternal fat accumulation, fetal
growth, increased maternal blood volume and expansion of
uterus and placenta(5,6). A recent meta-analysis(7) with a sample
of over 1·3 million pregnant women showed that the preva-
lence of excessive GWG was 51 %, and the prevalence did
not materially differ among the USA, Europe and Asia including
China(8). Given the universal excessive GWG, its adverse con-
sequences on offspring health are much concerned(9,10).

Excessive GWG has been linked to maternal anaemia during
pregnancy(11,12) that probably predisposes offspring to

anaemia(13). Two small studies have explored the association
of GWG with Fe indices in cord blood(14,15), but no study has
directly investigated the association between GWG and off-
spring anaemia. In this large Chinese birth cohort analysis,
we examined (1) the relationship of GWG rate in the sec-
ond/third trimester with infant Hb concentrations at 6 and
12 months; (2) the association between GWG rate and the risk
of infant anaemia and (3) whether the association is mediated
or modified by maternal anaemia during pregnancy.

Methods

Study population

Data were retrieved from a randomised controlled trial con-
ducted in Hebei Province, China from May 2006 through April
2009. The trial investigated the effect of prenatal micronutrient

Abbreviation: GWG, gestational weight gain.
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supplementation on the pregnancy outcomes among 18 775 nul-
liparous women. The women with an Hb level greater than
100 g/l were enrolled before twenty gestational weeks and rand-
omised to receive daily folic acid, Fe–folic acid (containing
30 mg Fe) or multiple micronutrients (containing 30 mg Fe); they
were followed monthly from enrolment to delivery, and their
infants were followed until 1 year after birth. The study design
and primary findings of the trial have been detailed
elsewhere(16).

For this present analysis, we initially excluded 1027 women
who had spontaneous/induced abortions (n 815), stillbirths
(n 82) or multiple pregnancies (n 67), as well as those who
dropped out (n 33), moving out of the study area (n 28) or died
(n 2), leaving 17 748 women who delivered singleton live
births. We excluded a further 3983 mother–infant pairs with
an end-pregnancy weight measured over 2 weeks before deliv-
ery (n 3533), missing data in the end-pregnancy weight records
(n 18), an extremely low (–0·3 kg/week) or high (>1·5 kg/week)
GWG rate (n 42), missing data onmaternal Hb inmid-pregnancy
(n 85) or missing data on infant Hb at 5–7 (n 169) or 11–13
(n 136) months. Finally, 13 765 (73·3 %) mother–infant pairs
were included in our analyses (Fig. 1). Most of maternal and
infant characteristics differed between the included (n 13 765)
and excluded (n 5010) mother–infant pairs due to the large sam-
ple size, such as farmer (91·7 v. 88·7 %), vaginal delivery (49·6 v.
45·1 %) and exclusively breast-feeding (31·3 v. 42·2 %) (all
P< 0·05), but the micronutrient supplementations were compa-
rable between the included and excluded (P= 0·813) (online
Supplementary Table S1).

The sample size (about 2750 per quintile group) would have
a statistical power of 80 % or higher to detect a significant OR of
0·74 or lower (if a protective effect existed) or a significant OR

of 1·31 or higher (if an adverse effect existed) with an estimated
infant anaemia prevalence of 11·6 % in the reference group(17),
at a two-sided significance level of α = 0·0125 (Bonferroni cor-
rection used for multiple comparisons).

The trial was approved by the Institutional Review Boards of
the US Centers of Disease Control and Prevention (Atlanta, GA)
and Peking University (Beijing, China). Informed consent to par-
ticipate in the trial was obtained from all women.

Gestational weight gain rate in the second/third trimester

Maternal weight was measured at enrolment and at the end of
pregnancy (within 2 weeks before delivery) by trained staff using
standard procedures; height was measured at enrolment(16).
Weight wasmeasured to the nearest 50 g using an electronic scale
(BW 150; UWE), and height to the nearest 0·1 cm using a collaps-
ible height board.

In the analyses, GWG rate in the second/third trimester was
the exposure measure. Compared with total GWG, GWG rate is
preferable as it does not rely heavily on the duration of preg-
nancy and is less likely to be associated with pregnancy out-
comes such as preterm, which could increase the risk of
anaemia in later life(18). Considering weight gain is slower in
the first trimester, and increases more rapidly and linearly in
the second/third trimester(19), the GWG rate in the second/third
trimester was calculated separately for women enrolled before
12 gestational weeks and for those enrolled at 12–20 gestational
weeks. For women enrolled before 12 gestational weeks, the
GWG rate in the second/third trimester was calculated as
((total GWG – estimated first trimester weight gain)/(gestational
age at delivery – 12 weeks)). Here, total GWGwas calculated by
subtracting the weight at enrolment from the end-pregnancy
weight; the estimated first trimester weight gain was calculated
as follows: (12 weeks – gestational age at enrolment) ×
0·11 kg/week (the GWG rate in the first trimester for Asians)(20).
For women enrolled at 12–20 gestational weeks, the GWG rate
was calculated directly by dividing the total GWG by the num-
ber of weeks between enrolment and measurement of the
end-pregnancy weight. As GWG rate differs with maternal
BMI(21), the GWG rate was then categorised into highest,
higher, middle (reference), lower and lowest quintiles by early
pregnancy BMI categories (online Supplementary Table S2).

For women enrolled before 12 gestational weeks, early preg-
nancy BMI (kg/m2)was calculated as theweight at enrolment in
kg divided by the height in m2. For women enrolled at 12–20
gestational weeks, weight in the first trimester was first calcu-
lated as: weight at enrolment – (gestational age at enrolment –
12 weeks) × 0·56 kg/week (the GWG rate in the second trimes-
ter for Asians)(20); the early pregnancy BMI was then calculated.
Accordingly, women were categorised into four categories:
underweight (<18·5 kg/m2), normal weight (18·5–22·9 kg/m2),
overweight (23·0–27·4 kg/m2) or obese (≥27·5 kg/m2), based
on the WHO recommended cut-offs for Asians(22).

Infant anaemia and covariates

The outcomes of interest in our study were the infant Hb con-
centration (g/l) and anaemia at 6 and 12months. Hb concentra-
tions were measured at 5–7 (mean, 6·3) and 11–13 (mean,

Fig. 1. Flow chart of the mother–infant pairs. GWG, gestational weight gain.
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12·3) months of age using a HemoCue photometric instrument
(Model 201; HemoCue) by trained staff, and anaemia was
defined as an Hb concentration <110 g/l, in accordance with
WHO guidelines(23).

Maternal Hb concentration was measured at enrolment and
mid-pregnancy (24–28 gestational weeks), and anaemia was
defined as an Hb concentration <110 g/l(24). During the
6-month postnatal visit, mothers were asked by healthcare pro-
viders to classify their infant feeding modes as follows: (1) exclu-
sively breast-feeding, representing infants received only breast
milk and without other liquids or solids with the exception of
drops or syrups consisting of micronutrient, or medicines;
(2) mixed feeding, representing infant received a combination
of breast milk and formula milk and (3) formula feeding,
representing infant received exclusively formula milk. Other
covariates included maternal age (<25, 25–29 or ≥30 years),
education (high school or above, middle school or primary
school or less), ethnicity (Han or other), occupation (farmer
or other), gestational age at enrolment (calculated by subtracting
the date of last menstrual period from date of enrolment, con-
tinuous variable), gestational age at delivery (calculated by sub-
tracting the date of last menstrual period from date of delivery,
<37 or ≥37 weeks), mode of delivery (vaginal or Caesarean
delivery), infant sex (male or female) and birth weight (<2500,
2500–3999 or ≥4000 g). Above all information on relevant cova-
riates was retrieved frommedical records or surveillance system.

Statistical analyses

Categorical variables are presented as frequencies and percent-
ages, and continuous variables as mean values and standard
deviations or as medians and interquartile ranges. The χ2 test
was used to compare categorical variables among GWG rate
quintiles; ANOVA or the Kruskal–Wallis test was used to ana-
lyse continuous variables.

We first examined the relationship between GWG rate and
infant Hb concentration using fractional polynomial model with
generalised linear regression(25) and estimated respective regres-
sion coefficients using linear regression. We then estimated the
crude OR of infant anaemia across GWG rate quintiles using uni-
variate logistic regression, with the middle quintile serving as the
reference. We then estimated the adjusted OR using multiple
logistic regression with covariates of maternal age, education,
ethnicity, occupation, micronutrient supplementation, early
pregnancy BMI, gestational age at enrolment (as a continuous
variable), anaemia during mid-pregnancy (yes or no), gesta-
tional age at Hb measurement (as a continuous variable), gesta-
tional age at delivery, mode of delivery, infant sex, birth weight,
feeding mode and age of infant at Hb measurement (as a con-
tinuous variable).

To evaluate the robustness of the results, we performed
sensitivity analyses, first excluding women enrolled before
12 weeks of gestation and then those with anaemia at enrol-
ment or during mid-pregnancy; an additional sensitivity analysis
was performed by using multiple imputation methods in which
missing values on the quintiles of GWG rate were imputed. For
comparison with the results from Western countries, we
repeated the main analyses using the categories of GWG rate

in the second/third trimester (inadequate, appropriate and
excessive) recommended in the 2009 Institute of Medicine
guidelines(21) with BMI classified using the cut-off values recom-
mended for Western populations(26): underweight <18·5 kg/m2;
normal weight 18·5–24·9 kg/m2; overweight 25·0–29·9 kg/m2

and obese ≥ 30·0 kg/m2. We performed mediation and stratified
analyses to examine whether maternal anaemia during mid-
pregnancy, previously linked to offspring anaemia(27), was a
mediator or modifier of the association.

All analyses were conducted using SPSS software (version
24.0; IBM Corp.), and a two-sided P value <0·05 indicated stat-
istical significance.

Results

The GWG rate in the second/third trimester was 0·5 (SD 0·2) kg/
week for the 13 765 enrolled mothers, of whom 13 598 (98·8%)
were ethnic Han, 12 618 (91·7%) were farmers and 13 554
(98·5%) had a middle school education or above. Of the infants,
6887 (50·0%) were born by Caesarean section and 4301 (31·3%)
were exclusively breast-feeding. Table 1 presents more detailed
characteristics of the mothers and infants by GWG rate quintiles.

Gestational weight gain rate and infant Hb concentrations

The mean Hb concentration of the infants was 121·7
(SD 8·7) g/l at 6 months and 122·2 (SD 8·2) g/l at 12 months.
Fractional polynomial regression showed inverse and linear
relationships between the GWG rate and Hb concentrations at
6 and 12 months (Fig. 2), that is, the Hb concentrations tended
to be lower in infants born to mothers who gained weight at a
faster rate during the second or third trimester. After adjust-
ment for covariates, linear regression showed that the Hb con-
centration of a 6-month-old infant decreased by 3·22 g/l when
maternal weight increased by 1 kg/week (Table 2).

Quintiles of gestational weight gain rate and infant anaemia

Of the 13 765 infants, 949 (6·9 %) were anaemic at 6 months
and 728 (5·3 %) at 12 months. The results of the crude analyses
were similar to those of the multivariate analyses (Table 3).
After multivariate adjustment, the highest quintile of GWG rate
as compared with the middle quintile was associated with an
increased risk of anaemia at both 6 months (adjusted OR
1·30, 95 % CI 1·07, 1·59) and 12 months (adjusted OR 1·74,
95 % CI 1·40, 2·17); the lowest quintile was associated with a
lower risk of anaemia at 6 months (adjusted OR 0·76, 95 % CI
0·61, 0·95), but not at 12 months. Moreover, after further adjust-
ment for maternal anaemia during mid-pregnancy, the OR
were slightly attenuated but remained significant. In the sen-
sitivity analyses excluding women enrolled before 12 weeks
of gestation, and then also excluding women who were anae-
mic at enrolment or during mid-pregnancy, the association
between the lowest quintile and anaemia risk at 6 months
became insignificant, while the associations with the highest
quintile persisted (Fig. 3). In the sensitivity analysis with multi-
ple imputation methods used, the results were not materially
changed (online Supplementary Table S3).
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Table 1. Maternal and infant characteristics according to gestational weight gain (GWG) rate quintiles in the second/third trimester
(Unadjusted mean values and standard deviations; median values and interquartile ranges (IQR) for continuous variables; frequencies and percentages for categorical variables)

Characteristics

Lowest (n 2713) Lower (n 2767) Middle (n 2767) Higher (n 2753) Highest (n 2765)

Pn % n % n % n % n %

Mother
Maternal age (years)
Mean 23·6 23·6 23·6 23·6 23·5 0·907
SD 2·8 2·8 2·8 2·8 2·9

Early pregnancy BMI (kg/m2)
Median 21·8 21·7 21·6 21·5 21·2 <0·001*
IQR 20·3, 23·4 20·2, 23·3 20·1, 23·3 19·9, 23·3 19·7, 23·4

GWG rate in the second/third trimester (kg/week)
Mean 0·2 0·4 0·5 0·5 0·7 <0·001*
SD 0·1 0·1 0·1 0·1 0·1

Gestational age at enrolment ≤ 12 weeks 1702 62·7 1575 56·9 1460 52·8 1414 51·4 1143 41·3 <0·001*
Micronutrient supplementation
Folic acid 899 33·1 923 33·4 912 33·0 923 33·5 932 33·7 0·928
Fe–folic acid 919 33·9 944 34·1 935 33·8 929 33·8 893 32·3
Multiple micronutrients 895 33·0 900 32·5 920 33·2 901 32·7 940 34·0

Education
High school or above 495 18·3 495 17·9 492 17·8 407 14·8 529 19·1 <0·001*
Middle school 2179 80·3 2243 81·1 2240 81·0 2297 83·4 2177 78·7
Primary school or less 39 1·4 29 1·0 35 1·2 49 1·8 59 2·2

Han ethnicity 2684 98·9 2740 99·0 2728 98·6 2717 98·7 2729 98·7 0·550
Farmer occupation 2482 91·5 2527 91·3 2588 93·5 2542 92·3 2479 89·7 <0·001*
Gestational age at delivery (weeks)
Mean 39·0 38·9 38·9 38·9 38·8 <0·001*
SD 1·6 1·6 1·6 1·5 1·7

Mode of delivery
Vaginal delivery 1412 52·0 1449 52·4 1430 51·7 1381 50·2 1154 41·7 <0·001*
Caesarean delivery 1293 47·7 1305 47·2 1332 48·1 1361 49·4 1596 57·7
Missing 8 0·3 13 0·4 5 0·2 11 0·4 15 0·5

Infant
Male sex 1494 55·1 1435 51·9 1403 50·7 1405 51·0 1487 53·8 0·004*
Birth weight (g)
Mean 3277·1 3289·5 3289·2 3288·7 3328·6 <0·001*
SD 367·9 370·0 366·4 379·2 423·3

Feeding mode
Exclusively breast-feeding 867 32·0 904 32·7 838 30·3 849 30·8 843 30·5 <0·001*
Mixed feeding 1674 61·7 1681 60·7 1722 62·2 1695 61·6 1653 59·8
Formula feeding 132 4·9 144 5·2 166 6·0 163 5·9 239 8·6
Missing 40 1·4 38 1·4 41 1·5 46 1·7 30 1·1

Age at Hb measurement (months)
5–7
Mean 6·3 6·2 6·2 6·3 6·2 0·009
SD 0·5 0·4 0·4 0·4 0·5

11–13
Mean 12·3 12·3 12·3 12·3 12·3 0·051
SD 0·4 0·4 0·4 0·4 0·4

* P< 0·01.
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Mediation analyses showed that maternal anaemia during
mid-pregnancy mediated the association between the highest
quintile and anaemia at 6 months (Z= 3·861, P< 0·001) and
12months (Z= 3·536, P< 0·001).

In repeated analyses of GWG rate in the second/third trimes-
ter classified according to the 2009 Institute of Medicine guide-
lines, a positive association between excessive GWG rate and
anaemia at 6 and 12months was consistently observed (online
Supplementary Table S4).

Discussion

In this large Chinese birth cohort, we found negative linear rela-
tions between GWG rate in the second/third trimester and infant
Hb concentrations at both 6 and 12months of age. When the Hb
concentrations were dichotomised, the highest quintile of GWG
rate as compared with the middle quintile was associated with a
30 and 74 % increased risk of infant anaemia at 6 and 12months,
respectively. The results persisted in infants born tomotherswho
were enrolled at 12–20 gestational weeks and born to mothers
who were not anaemic at enrolment or during mid-pregnancy.
The results were robust, when GWG rate was categorised
according to the 2009 Institute of Medicine guidelines. That

excessive GWG increased offspring anaemia risk appeared, to
some extent, partly independent of maternal anaemia during
pregnancy, though maternal anaemia probably mediated the
associations.

To date, there has been no study to investigate the association
between GWG and offspring anaemia. Two studies investigated
the relationship of GWG with Hb concentration or Fe indices in
umbilical cord blood(14,15). One cross-sectional study with a sam-
ple size of 230 American women reported negative relationships
of GWGwith Hb concentration and Fe indices in cord blood, but
not statistically significant, possibly due to small sample size(14).
Another cohort studywith a sample size of 316 Americanwomen
showed that GWG>18 kg v.<18 kg was associated with poor Fe
indices in cord blood(15). Our study with a large sample
size consistently found that excessive GWG rate increased
infant anaemia risk, and that the adverse effect persisted up
to 12 months after birth. Underlying mechanisms remained
unclear. Excessive GWG could expand blood volume or stimu-
late secretion of hepcidin(5,28), a biomarker of inflammation and a
regulator of Fe metabolism; both blood volume expansion and
higher hepcidin level are probably leading to maternal anae-
mia(11) that was linked to offspring anaemia(27), as indicated
by our mediation analyses. On the other hand, excessive
GWG was likely to play an independent role. Pregnant women
with excessive GWG rates were more likely to undergo a
Caesarean delivery that was associated with an increased risk
of offspring anaemia(29,30). Excessive GWG was also associated
with higher birth weight that was linked to higher hepcidin levels
in newborns, consequently leading to offspring anaemia(31,32).

Unexpectedly, a protective effect of the lowest quintile of
GWG rate on the infant anaemia at 6 months was observed in
the overall analysis. Previous studies reported that women with
normal weight were more likely to have a low GWG, probably
because of balanced diet and appropriate physical activity(33,34),
benefiting to their offspring. In addition, we cannot completely
rule out the possibility of residual bias in the protective effect. For
example, women in the lowest quintile group were more likely

Fig. 2. Relationship of gestational weight gain (GWG) rate in the second/third trimester with infant Hb concentration at (a) 6 and (b) 12 months. Hb concentrations, solid
lines; 95% confidence intervals, broken lines.

Table 2. Adjusted regression coefficients estimated by linear regression
(B coefficients with their standard errors)

B * SE P

Infants at 6 months
GWG rate (kg/week) –3·22 0·42 <0·001

Infants at 12months
GWG rate (kg/week) –3·43 0·39 <0·001

GWG, gestational weight gain.
* Adjusted covariates included maternal age, ethnicity, education, occupation, micro-
nutrient supplementation, early pregnancy BMI, gestational age at enrolment, gesta-
tional age at delivery,mode of delivery, and infant sex, birthweight, feedingmodeand
age of infant at Hb measurement.

Pregnancy weight gain rate and infant anaemia 1289
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to be enrolled before 12 gestational weeks (62·7 %), which indi-
cated that they began supplements consumption at an earlier
gestational age and thus a lower risk of offspring anaemia.

Consistently, in sensitivity analyses by excluding women enrolled
before 12weeks of gestation, the protective effect turned to be
insignificant (as shown in Fig. 3(a)).

To the best of our knowledge, this is the first large-scale pro-
spective study to investigate the relationships of GWG rate in the
second/third trimester with infant Hb concentrations and anae-
mia risk at 6 and 12months of age after birth. Key variables
including maternal weight, infant Hb and major covariates were
measured or collected by trained healthcare providers using
standard procedures. The GWG rate rather than the total
GWGwas assessed as the exposuremeasure, assuredlyminimis-
ing potential biases related to pregnancy duration. Our study had
several limitations. First, the data were retrieved from a rando-
mised controlled trial of prenatal Fe-containing micronutrient
supplementation on well-nourished women whose Hb concen-
trations were greater than 100 g/l at enrolment, probably reduc-
ing the generalisability of the findings to other populations. For
example, our analysis might have been biased by the start time of
micronutrient supplementation because pregnant women were
enrolled at different gestational age, such that our findings could
not necessarily apply to populations where extensive supple-
mentation was routine(35). Second, though we could not exclude
a possibility of biases related to Fe-containing supplementation,
if any it ought to have the estimated risk towards null. Besides,
we did not observe a significant interaction between GWG rate
and supplementation type (all Pinteraction > 0·05, online
Supplementary Table S5). Third, we did not collect data on
maternal and infant health status, duration of breast-feeding
and complementary foods after 6 months(36,37) which might bias
our results on infant anaemia at 12 months. Fourth, data on bio-
markers of Fe and inflammation were not recorded. Given the
above limitations, further studies in China are needed to confirm
the findings.

In conclusion, this prospective cohort analysis showed neg-
ative linear relationships between GWG rate in the second/third
trimester and infant Hb concentrations. The excessiveGWG rate,
partly independent of maternal anaemia during pregnancy,
appeared to be associated with an increased risk of anaemia

Table 3. Infant anaemia across gestational weight gain (GWG) rate quintiles in the second/third trimester
(Crude and adjusted odds ratios and 95 % confidence intervals; numbers and percentages)

GWG rate quintiles n %†

Univariate Multivariate‡ Multivariate§

Crude OR 95% CI Adjusted OR 95% CI Adjusted OR 95% CI

Anaemia at 6 months
Lowest 2713 5·4 0·76* 0·61, 0·95 0·76* 0·61, 0·95 0·76* 0·60, 0·94
Lower 2767 6·4 0·92 0·75, 1·14 0·92 0·74, 1·14 0·93 0·75, 1·15
Middle 2767 6·9 1·00 – 1·00 – 1·00 –
Higher 2753 6·5 0·94 0·76, 1·16 0·93 0·75, 1·15 0·92 0·75, 1·14
Highest 2765 9·2 1·35* 1·11, 1·64 1·30* 1·07, 1·59 1·25* 1·02, 1·53

Anaemia at 12months
Lowest 2713 4·5 0·89 0·69, 1·14 0·88 0·68, 1·13 0·88 0·68, 1·13
Lower 2767 4·1 0·82 0·64, 1·06 0·82 0·64, 1·06 0·83 0·65, 1·07
Middle 2767 5·0 1·00 – 1·00 – 1·00 –
Higher 2753 4·3 0·85 0·66, 1·09 0·84 0·65, 1·08 0·83 0·65, 1·07
Highest 2765 8·6 1·79* 1·45, 2·23 1·74* 1·40, 2·17 1·71* 1·37, 2·13

* P< 0·05.
† Rate of infant anaemia.
‡ Adjusted covariates included maternal age, ethnicity, education, occupation, micronutrient supplementation, early pregnancy BMI, gestational age at enrolment, gestational age at
delivery, mode of delivery, and infant sex, birth weight, feeding mode and age of infant at Hb measurement.

§ Additionally adjusted for maternal anaemia during mid-pregnancy.

Fig. 3. Adjusted odd ratios (95% confidence intervals) of infant anaemia by gesta-
tional weight gain rate quintiles in the sensitivity analyses. * P< 0·05. (a) Excluding
women enrolled at ≤12weeks of gestation (6471 mother–infant pairs remained);
(b) further excluding women with anaemia at enrolment or during mid-pregnancy
(5698 mother–infant pairs remained). , Infants at 6 months; , infants at 12
months.
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in infants. Maternal anaemia probablymediated the associations.
These findings indicate a need to optimise GWG and control
maternal anaemia during pregnancy to improve offspring health.
Although optimum GWG needs to be further studied, balanced
diet and appropriate physical activity during pregnancy are war-
ranted to be advocated. Further studies are needed on whether
these findings are applied to other populations, and on appro-
priate GWG in different populations.
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