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Abstract
Introduction: there is scarce evidence of the effects of obesity and gestational weight- gain (GWG) on hemoglobin (Hb) levels in pregnancy. Little 
is known about the implications in offspring when pregnant mothers present with both at delivery.

Aim: to identify if pre-pregnancy body mass index (BMI) and GWG are associated with Hb levels at pregnancy third trimester; and identify if the 
BMI status plus anemia at delivery could influence offspring anthropometry.

Methods: in a sub-sample of pregnant women (n = 108) and their offspring (n = 63) from a Mexican birth cohort, information from medical files 
and questionnaires were used to obtain pre-pregnancy BMI (categorized as normal, overweight, and obese), GWG, and Hb during pregnancy; 
at delivery and postpartum anthropometric measures were obtained for offspring. Adjusted regression models predicted Hb levels according to 
pre-pregnancy BMI and GWG; offspring growth trajectories from birth to 3 months old were compared according to mother´s BMI status and 
anemia combinations at delivery.

Results: pre-pregnancy normal (N), overweight (OV), and obesity (OB) were present in 48 %, 40 %, and 12 % of the participants, respectively. 
Anemia was detected in 22.8 % of the participants at third trimester. Hb levels in the third trimester were significantly lower in those with 
pre-pregnancy OB-BMI and excessive GWG (12.1 g/dL, 95 % CI: 10.7-13.5) compared to those with pre-pregnancy OB-BMI and insufficient 
GWG (13.3g/dL, 95 %CI: 11.9-14.8) (p = 0.04). At delivery, 11 % presented with OB-BMI and anemia. Women with OB-BMI and normal Hb 
levels had children with higher scores in Weight-for-Length-Z score and triceps skinfold.

Conclusion: among OB women, excessive GWG was associated with having lower Hb levels in the third trimester. Newborns had higher scores 
in growth patterns related to adiposity from birth to 3 months old if mothers had normal Hb levels and OB.
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INTRODUCTION

The obesity prevalence in Mexican women has increased dra-
matically by 30.6 %, from 2000 to 2018; presently, more than 
75 % of women of reproductive age have a body mass index 
(BMI) above 25 kg/m2 (1). Around 30 % of women in the Unit-
ed States of America are expected to have a BMI ≥ 30 kg/m2 
when they become pregnant (2), while in Mexico this number is 
unknown at the national level, but as a proxy, 36 % of women 
between 20 to 50 years old presents obesity (> 30 kg/ m2) (1).

The evidence had supported the suitability of achieving a healthy 
weight gain for positive pregnancy outcomes (3). Pregnant women 
living with obesity face elevated risks of adverse outcomes during 
pregnancy and childbirth, including gestational diabetes, hyper-
tension, pre-eclampsia, and giving birth to a macrosomic baby, 
which leads to a higher risk of complications, such as obstructed 
labor and postpartum hemorrhage (4,5). Furthermore, systemat-
ic review and meta-analyse has shown that maternal overweight 
and obesity are associated with pre-term and post-term delivery 
(6,7), which also lead to future complications for offspring.

Recently, it has been recognized that overweight may contrib-
ute to low iron levels, as BMI is negatively correlated with serum 
iron (8), and iron deficiency is more common in overweight than 
normal-weight women (9,10). This correlation has been docu-
mented in Mexico since 1999 when the National Nutrition Survey 
showed that the risk of iron deficiency in women of reproductive 
age living with obesity was 2-4 times higher compared to indi-
viduals with a healthy weight at similar dietary iron intakes (11).

Some studies in pregnant women have shown that a high 
BMI, pre-gestational as well as during pregnancy, influences iron 
stores negatively (12,13), and that pre-pregnant obese women 
have lower ferritin concentrations than pre-pregnant non-obese 
women (12,14-16).

Concurrently, a significant proportion of Mexican women of 
reproductive age are anemic (34.3 %), and this proportion has 

been increasing lately, particularly in women from households at 
lower socioeconomic level  (17). Anemia in pregnancy warrants 
concern as it impacts negatively on the development of the fetus 
and increases the risk of low birth weight leading to an elevat-
ed risk of adverse, metabolic long-term health outcomes in the 
offspring (18).

Thus, while obesity and anemia may seem disentangled and 
their presence almost “antagonistic”, approximately 10  % of 
women of reproductive age in Mexico are both obese and ane-
mic  (19).  Also, obesity and anemia often share environmental 
conditions and behaviors, and can co-occur at the household and 
individual level; this co-existence is an example of what has been 
named the “double burden of malnutrition” (20).

In Mexico, high proportion (98.7 %) of women attend antenatal 
care visits  (21),  also Mexican medical guidelines for antenatal 
care consider monitoring healthy weight gain during pregnancy 
(monitoring weight at each visit), early identification of anemia 
(through the Hb (hemoglobin) determination levels), and iron sup-
plements prescription in pregnant women at anemia risk. Despite 
that, as both conditions, obesity, and anemia are highly prevalent 
in Mexico, there is a necessity to study their impact on moth-
er-child health together.

This study has two aims: first, to identify if pre-pregnancy BMI 
and gestational weight gain (GWG) are associated with Hb levels at 
the third trimester; additionally, identify if the combination of BMI 
status and anemia at delivery will influence neonatal outcomes.

MATERIALS AND METHODS

DESIGN AND SETTING

The study is based on an ongoing birth cohort study (referred 
in Spanish, MAS-Lactancia) which was initiated in 2016, and has 
so far recruited 980 pregnant women. Written informed consent 

Resumen
Introducción: existe escasa evidencia de los efectos de obesidad y ganancia de peso gestacional (GPG) y niveles de hemoglobina (Hb) durante 
el embarazo. Poco se conoce sobre las implicaciones en la descendencia cuando las embarazadas presentan ambos en el momento del parto.

Objetivos: identificar si el índice de masa corporal (IMC) previo al embarazo y el GPG están asociados con los niveles de Hb en el tercer trimestre 
del embarazo; e identificar si el IMC más la anemia en el momento del parto podrían influir en la antropometría de la descendencia.

Metodología: se utilizó información de expedientes médicos y cuestionarios para obtener el IMC antes del embarazo (categorizado como normal, 
con sobrepeso y obesidad), GPG y Hb durante el embarazo; en el momento del parto y posparto se obtuvieron medidas antropométricas para 
la descendencia de una submuestra de mujeres embarazadas (n = 108) y su descendencia (n = 63) de una cohorte mexicana. Los modelos 
de regresión ajustados predijeron los niveles de Hb según IMC y GPG antes del embarazo; se compararon las trayectorias de crecimiento de 
la descendencia desde el nacimiento hasta los 3 meses de edad según el estado de IMC de la madre y las combinaciones de anemia en el 
momento del parto.

Resultados: peso preembarazo normal (N), sobrepeso (SP) y obesidad (OB) estuvieron presentes en 48 %, 40 % y 12 % de las participantes, 
respectivamente. Se diagnosticó anemia en el 22,8 % de las participantes en el tercer trimestre. Los niveles de Hb en el tercer trimestre fueron 
significativamente más bajos en aquellas con IMC-OB antes del embarazo y GPG excesivo (12,1 g/dL, IC del 95 %: 10,7-13,5) en comparación 
con aquellas con IMC-OB antes del embarazo y GPG insuficiente (13,3 g/dl, IC del 95 %: 11,9-14,8) (p = 0,04). Al momento del parto, el 11 % 
presentó OB-BMI y anemia. Las mujeres con OB-BMI y niveles normales de Hb tenían hijos con puntuaciones más altas en puntuación Z de 
peso para longitud y pliegue cutáneo del tríceps.

Conclusión: la GPG excesiva entre las mujeres OB se asoció con niveles más bajos de Hb en el tercer trimestre. Los recién nacidos tenían 
puntajes más altos en los patrones de crecimiento relacionados con la adiposidad desde el nacimiento hasta los 3 meses de edad si las madres 
tenían niveles normales de Hb y OB.
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Figure 1.

Analytical sample derived from Mas-Lactancia birth cohort.

for inclusion in the cohort was obtained from all the participating 
pregnant women. The study is being carried out by the National 
Institute of Public Health (INSP) in collaboration with the Mexican 
Institute for Social Security (IMSS) in Cuernavaca, Morelos. The 
INSP Ethics in Research Committee and its Research commis-
sion (# approval 1281), as well as the National Committee of 
Scientific Research of IMSS (#R2015-785-107) approved the 
protocol of the cohort study.

PARTICIPANTS

Pregnant women were considered for inclusion in the study 
if they were between 18 to 39 years old, with a gestational age 
between 16 to 22 weeks. All participating women were affiliated 
to the IMSS, one of the Institutions in the Mexican Health System 
that provides health services for employees (mainly for the private 
sector) and their families, who typically belong to the middle so-
cioeconomic strata. Exclusion criteria for the cohort were women 

with  (1) more than one fetus,  (2) high-risk pregnancy such as 
preeclampsia or gestational diabetes,  (3)  renal, liver, heart, or 
cardiovascular disease, and (4) endocrine disorders More details 
of the cohort are described elsewhere (22).

For the first aim of this analysis, we included only 108 preg-
nant women, for whom information on Hb levels and repeated 
weight measures recorded in the IMSS-medical files (Medical 
System of Family Medicine) were available. For the second aim, 
we included 63 offspring in an unbalanced panel, as they had 
a follow-up until 3 months old. Figure 1 presents the analytical 
sample of this analysis derived from the original cohort.

MAIN INDEPENDENT VARIABLES

We reviewed each participant´s clinical files from the first 
antenatal visit to delivery and recorded pre-pregnancy weight 
(self-reported), and weight reported from each antenatal visit 
with the corresponding gestational age (determined from the first 
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day of the last menstrual period). Anthropometric measurements 
(weight and height) were taken using Lohman’s Anthropometry 
Manual as Reference (23) by the cohort’s trained personnel and 
standardized at the beginning of the study. Maternal weight was 
measured on an electronic scale (Tanita, model 1582, Illinois, 
USA) with an accuracy to the nearest 10  g. Standing height 
was measured using a Shorr stadiometer (SmoothSlide©, USA) 
with an accuracy to the nearest 1mm. All measurements were 
done twice, and the average was used in the models. Pre-preg-
nancy and delivery BMI were calculated and categorized into 
normal pre-pregnancy BMI (≥ 18.5-24.9 kg/m2, N-BMI), over-
weight (≥  25-29.9 kg/m2, OV-BMI), and obesity (≥ 30 kg/m2, 
OB-BMI)  (24). GWG was categorized according to the Institute 
of Medicine (IOM) guidelines based on pre-pregnancy BMI cat-
egory as insufficient (N-BMI  <  11.5  kg, OV-BMI <  7  kg, OB-
BMI  <  5  kg), excessive (N-BMI  >  16  kg, OV-BMI  >  11.5  kg, 
OB-BMI > 9 kg), and adequate in the range between the two 
mentioned categories (25).

OUTCOME VARIABLES, PREGNANT WOMEN

We obtained the Hb levels information from medical files. Hb 
levels were analyzed at the IMSS laboratory facilities (by Uni-
Cel DxC 600/800 SYNCHRON) and recorded in the files with the 
corresponding gestational age. We made an altitude adjustment 
of Hb levels by the municipality of residence (Table I) in order 
to classify pregnant women with anemia according to the World 
Health Organization (WHO) Hb classification (Hb < 11 g/dL) (26).

OUTCOME VARIABLES, OFFSPRING

Gestational age at birth was estimated based on the first day of 
the last menstrual period, and classified according to the Ameri-
can College of Obstetrics and Gynecologists as (27).

For anthropometric measurements, the child´s weight and 
length were measured at birth (in the delivery room), at 1 and 
3 months of age using standardized procedures (23). Measures at 

birth were corroborated (during the first three days of life) with the 
measures done by the cohort´s trained personnel. A portable elec-
tronic pediatric scale (Tanita BABY MOMMY model 1582, Illinois, 
USA) with precision to the nearest 10 g, was used to measure 
weight. A wooden infantometer (SmoothSlide©, USA) with a preci-
sion of 1mm was used to measure height. All measurements were 
taken twice, and we used the average for estimations. WHO-An-
thro software (v.3.2.2, 2011) was used to estimate Z-scores of 
weight-for-age (WAZ), length-for-age (LAZ), and weight-for-length 
Z-score (WLZ) based on WHO growth standards  (28).  Triceps 
skinfold was measured at 1 and 3 months by trained staff using a 
Lange skinfold caliper with precision of 0.5 mm.

COVARIATES

We also obtained information from clinical files and from ques-
tionnaires administered to pregnant women by trained personal 
(at recruitment) on the following variables: age, education (total 
years studied), socioeconomic status (tertiles), being of indige-
nous origin (by self-identification of participant or speaking an in-
digenous language), parity (1st pregnancy or other), marital status 
(married/with a partner or single/divorced), type of employment 
(housewife/none, student, informal worker, formal worker), and 
type of delivery (C-section or vaginal). The information on sup-
plements/multivitamins type consumed during pregnancy was 
obtained during second and third trimesters.

STATISTICAL ANALYSIS

Descriptive statistics are presented for variables at baseline, 
delivery, and post-partum as means (SD), proportions, and strat-
ified by pre-pregnancy BMI classification. Bi-variate hypothesis 
tests were performed by means with ANOVA test for continuous 
variables and Fisher´s exact test for categorical variables.

An adjusted linear regression model for longitudinal data 
(considering unbalance panel) was fitted to estimate Hb levels 
according to GWG (insufficient, adequate, and excessive) and 
stratified by pre-pregnancy BMI (normal, overweight, or obese). 
The model was adjusted for age, education, parity, supplement 
intake, and gestational age (trimester).

Then, we identified at the end of pregnancy six combinations 
between BMI classification (normal, overweight or obesity), and 
anemia (yes/no). We obtained the proportion of women in the 
mentioned classification and related them to the proportion of 
delivery method and the gestational age classification at birth. 
Also, the six combinations were used to compare in terms of 
the mean anthropometric measures at birth, 1 and  3  months 
post-partum using regression models adjusted for sex. Finally, 
adjusted models were run to estimate the effect of the combina-
tion of BMI status and anemia at the end of pregnancy with the 
offspring´s repeated anthropometric measures (longitudinal data 
for the anthropometric measures) were fitted to estimate differ-
ences in growth trajectories between the six combinations group.

Table I. Proportion of participants living 
at different municipalities in Morelos

Municipality
Altitude 

(m above sea level)
 %

Cuernavaca 1510 62.87

Jiutepec 1350 30.2

Temixco 1269 1.49

Xochitepec 1112 0.99

Yautepec 1210 4.46
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The main effects were considered statistically significant at 
the 0.05 α level. All analyses were performed using Stata 15.0 
(StataCorp LP, College Station, TX, USA).

RESULTS

CHARACTERISTICS OF THE PARTICIPANTS

To investigate potential systematic bias, we compared the cur-
rent study sample (n = 108) with the remaining individuals of the 
MAS-Lactancia cohort (n = 872), excluded from this analysis as 
Hb data were not available in the medical files. When comparing 
socio-demographic variables, we did not find any differences; 
however, we found differences at baseline, where women in 
the analytical sample had an initial BMI lower than the rest of 
the cohort (25.5 ± 3.7 vs 26.1 ± 4.1, p < 0.05), and reported 
consumption of fewer supplements (55 % vs 73 %). Finally, at 
birth, we did not find any difference in offspring variables: weight, 
length, or gestational age (Table II).

The participants´ mean age was 28.1 years (SD 4.6, 
range 19 to 40). Average prenatal visits were 2  (range 1-5) at 
IMSS clinics. Pre-pregnancy, 48 % were N-BMI, and more than 
half had an initial BMI ≥ 25 kg/m2 (40 % had OV-BMI, and 12 % 
had OB-BMI). Only one participant had a BMI < 18.5 kg/m2, i.e. 
underweight, and she was included in the N-BMI group (BMI 
17.4 kg/m2).

Table III shows the sample main characteristics at baseline, 
delivery and post-partum stratified according to the pre-preg-
nancy BMI group. N-BMI participants were 2 years younger and 
had on average 2.5 years more of education compared to the 
pre-pregnancy OB-BMI participants (p  <  0.01). Regarding so-
cioeconomic status, indigenous identity, parity, marital status, 
and employment type we did not find any difference between 
participants in the pre-pregnancy BMI groups. In total, 55  % 
of participants reported consumption of vitamin-supplement or 
multivitamins during pregnancy, including folic acid (19 %), iron 
(10 %), iron plus folic acid (9 %), or others (17 %) with no differ-
ence between groups (p = 0.15). At the end of pregnancy, there 
was a difference in GWG according to pre-pregnancy BMI status, 
with a higher proportion of excessive weight gain in those with 
pre-pregnancy OV-BMI and OB-BMI, and a higher proportion of 
insufficient GWG in those with N-BMI (p < 0.01).

MAIN FINDINGS AND ASSOCIATIONS

Overall, the mean Hb level at the beginning of pregnancy (be-
fore week 14) was 13.3 g/dL (SD 0.8) with no difference between 
BMI-groups (p = 0.90), and none presented with anemia. In con-
trast, in the third trimester (after week 28), 22.8 % presented 
with this condition, as mean Hb levels decreased 1.5 g/dL from 
2nd to 3rd trimester of pregnancy with no differences between 
BMI-groups (p = 0.48).

Table II. Comparison of analytical sample vs. the rest of the cohort

Analytical sample Rest of the cohort p- value

At baseline n = 108 n = 872

Mean SD Mean SD

Age (years) 28.1 4.6 27.2 5.3 0.44

Schooling (years) 13.2 3.1 12.9 3.5 0.70

Type of employment*
 Housewife/none
 Student
 Informal work
 Formal work/company

38
6
7

49

33
7
8

52

0.65

BMI (kg/m2) 25.5 3.7 26.1 4.1 0.04

Supplement/multivitamin intake*
 None
 Any

45
55

27
73

0.01

At birth n = 108 n = 456

Gestational age (weeks) 38.8 1.3 38.7 2 0.56

Weight (kg) 3.2 0.4 3.1 0.4 0.22

Length (cm) 49.9 1.8 49.5 2.7 0.20

*Indicates proportions. p-values obtained from T-test or Fisher exact test.
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Table III. Characteristics of the sample according to pre-pregnancy 
Body Mass Index classification

All (n = 108)
N-BMI 
(n = 52)

OV-BMI 
(n = 43)

OB-BMI 
(n = 13) p-value

Mean SD Mean SD Mean SD Mean SD

Mother´s variables

Sociodemographic

Age (years) 28.1 4.6 27.0 4.4 29.4 4.5 29.1 5.1 < 0.01

Schooling (years) 13.2 3.1 13.6 2.9 13.3 3.2 11.1 3.2 < 0.01

Socioeconomic status (tertials, %)

1st 31 32 30 29 0.18

2nd 33 29 41 19

3rd 36 39 29 52

Indigenous population (%) 11 13.5 10 5 0.52

Parity, first pregnancy (%) 40 46 41 25 0.46

Marital status (married, %) 76.4 74.5 87.2 74.4 0.20

Type of employment (%)

Housewife/none 38 34 45.5 20 0.30

Student 6 11 2 0

Informal work 7 7 7 10

Formal work/company 49 48 45.5 70

At baseline

Gestational age at first prenatal consultation (weeks) 14.6 6.1 14 5.6 15.2 7.1 16 4.7 0.32

Weight (kg) 63.1 11.1 56 6.6 67.7 6.5 83 9.1 < 0.01

Height (m) 1.57 0.6 1.57 0.06 1.56 0.06 1.59 0.08 0.26

BMI (kg/m2) 25.5 3.7 22.4 1.7 27.4 1.5 32.5 1.9 < 0.01

Hemoglobin (mg/dL) 13.3 0.8 13.3 0.8 13.2 0.9 13.1 0.4 0.91

Supplement/multivitamin intake (%)

None 45 50 39 48 0.15

Folic acid 19 14 22.5 14

Folic acid + iron 9 6 10 19

Iron 10 14 7.5 5

Multivitamin 12 9 19 9

Other 5 7 2 5

At the end of pregnancy*/delivery

Weight gain (kg) 7.4 5.1 8.5 4.9 6.6 5.1 5.6 5.0 < 0.01

Gestational weight gain

(Continues on next page)
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Table III (Cont.). Characteristics of the sample according to pre-pregnancy 
Body Mass Index classification

All (n = 108)
N-BMI 
(n = 52)

OV-BMI 
(n = 43)

OB-BMI 
(n = 13) p-value

Mean SD Mean SD Mean SD Mean SD

Insufficient 62.3 71.5 56 43 < 0.01

Adequate 25.3 24.5 24 33

Excessive 12.3 4 20 24

BMI (kg/m2) 28.9 3.6 26.3 2.3 30.5 2.1 35.1 1.8

Hemoglobin third trimester (g/dL) 11.7 0.9 11.6 1.0 11.9 0.9 11.5 1.0 0.52

C-section (%) 51.5 49.5 52.0 52.4 0.93

Offspring variables

Birth

Gestational age 38.9 1.4 39.1 1.3 38.8 1.4 38.9 2.0 0.31

Gestational age classification (%)

Moderately preterm (32-36 weeks) 6 1 7.5 20 0.01

Early term (37-38 weeks) 23 23 26 15

Full term (39-40 weeks) 58 60 59 45

Late term (41 weeks) 13 16 7.5 20

Weight (kg) 3.2 0.4 3.2 0.4 3.2 0.4 3.2 0.5 0.54

Length (cm) 49.9 1.9 49.9 1.9 49.9 1.8 49.7 1.7 0.86

WAZ -0.5 0.9 -0.6 0.9 -0.5 0.9 -0.5 0.9 0.73

LAZ -0.4 1.1 -0.6 1.1 -0.3 1.1 -0.3 1.0 0.45

WLZ -0.4 1.1 -0.4 1.1 -0.4 1.0 -0.5 1.1 0.96

Growth indicators at 1 month

WAZ -0.6 0.9 -0.7 0.9 -0.5 0.7 -0.9 1.5 0.39

LAZ -0.9 0.9 -0.8 0.7 -0.8 0.8 -1.2 1.6 0.48

WLZ 0.1 1.0 -0.1 1.0 0.3 0.9 0.2 0.9 0.29

Triceps (mm) 6.3 2.0 6.1 1.7 6.6 2.3 6.3 2.6 0.65

Growth indicators at 3 months

WAZ -0.3 0.9 -0.4 0.7 0.0 0.8 -0.8 1.2 0.03

LAZ -0.6 0.9 -0.6 0.8 -0.5 0.7 -0.7 1.8 0.81

WLZ 0.2 0.9 0.0 0.7 0.5 0.8 -0.2 1.1 0.04

Triceps (mm) 8.9 2.1 8.6 2.3 9.2 1.8 9.0 2.2 0.47

p-values from ANOVA or Fisher´s exact test. *End of pregnancy is defined as > 27 weeks of gestation. WAZ: weight for age Z score; LAZ: length for age Z score; WLZ: 
weight for length Z score.
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In table IV, the stratified models by pre-pregnancy BMI status 
are presented, and we found that Hb levels varied according to 
the pre-pregnancy BMI status and GWG. Hb levels at the end of 
pregnancy were significantly lower in those with pre-pregnancy 
OB-BMI and excessive GWG (12.1  g/dL, 95 % CI: 10.7-13.5) 
compared to those with pre-pregnancy OB-BMI and insufficient 
GWG (13.3 g/dL, 95 % CI: 11.9-14.8) (p = 0.04). For partic-
ipants with pre-pregnancy N-BMI and OV-BMI, there were no 
differences in Hb levels at the end of pregnancy.

The 37.5 % were OB-BMI, 53.5 % OV-BMI, and 9 % remain 
within N-BMI at the end of pregnancy. Within the possible combi-
nations of BMI classification and anemia at the end of pregnancy, 
6 % had N-BMI and normal Hb levels, 3 % had N-BMI and ane-
mia, 41 % were OV-BMI with normal Hb levels, 12.5 % OV-BMI 
and anemia, 26.5 % OB-BMI with normal Hb levels, and 11 % 
presented OB-BMI and anemia. Using these combinations, we 
did not find any difference at birth regarding the delivery method 
(p  =  0.79), but regarding the gestational age classification at 
birth we observed that moderately preterm (32-36 weeks) and 
late term (41 weeks) was predominant in those mothers identi-
fied as OV-BMI, OB-BMI, and OB-BMI with anemia (Fig. 2).

When we looked at the growth trajectories (birth to 3 months 
of age), we noticed that infants from mothers within the same 
BMI classification at the end of pregnancy tended to grow differ-
ently if they also presented with anemia at the end of pregnancy. 
Specifically, those participants with OV-BMI and normal Hb levels 
at the end of pregnancy had children with higher scores in WAZ 

and WLZ. Also, those with OB-BMI and normal Hb levels at the 
end of pregnancy had children with higher scores in WLZ and 
triceps skinfold (Table V). The mentioned growth patterns (with 
higher WAZ and WLZ) were not seen in those children whose 
mothers presented with OV-BMI or OB-BMI with anemia.

DISCUSSION

We documented that more than 50 % of women started preg-
nancy with a BMI above 25 kg/m2 (40 % overweight and 12 % 
obese), and we observed that only 25 % of the pregnant women 
sample achieved an adequate GWG. In the case of those women 
who started pregnancy with a BMI > 25 kg/m2, more than 20 % 
accumulated excessive GWG. Within these two characteristics, 
pre-pregnancy BMI status and GWG, at the end of pregnancy 
we estimated that the mean Hb levels were 1.5 mg/dL lower for 
pre-pregnancy OB-BMI women with excessive GWG compared 
to those with pre-pregnancy OB-BMI women with insufficient 
GWG (12.1 g/dL vs 13.3 g/dL, p = 0.04).

Importantly, there is a normal reduction of Hb during pregnan-
cy due to plasma volume expansion at the end of 1st trimester; 
based on a review, Wawer et al. suggested that pre-pregnancy 
obesity and overweight carry a greater risk of anemia (iron defi-
ciency) for the mother (29). Some epidemiological studies have 
documented that overweight women have an increased risk of 
low iron status and higher hepcidin levels and maternal inflam-
mation (15,30). Furthermore, a study of two cohorts in Indonesia 
and Ghana showed that higher BMI in early pregnancy was pos-
itively associated with Hb and reduced risk of anemia, but in that 
study the GWG was not considered in the models, and women 
had lower mean pre-pregnancy BMI than in our sample (31).

The possible explanations for why excessive GWG in pregnant 
women with pre-pregnancy obesity can reduce Hb levels are 1) 
poor dietary quality, diets restricted in total iron or animal-source 
iron, and high density-caloric diets, common in the Mexican pop-
ulation (32); 2) increased iron requirements during pregnancy, or 
impaired iron absorption related to higher hepcidin levels resulting 
from obesity-related chronic low-grade inflammation (8,13,33).

Table IV. Predictive margins and 95 % CI 
of the linear prediction of hemoglobin 

levels (n = 108)

Combination of pre-
pregnancy BMI 

and GWG

Adjusted Hb 
prediction 

(g/dL)

Std 
err

95 % CI

N-BMI + insufficient GWG 11.8 0.2 11.4 12.3

N-BMI + adequate GWG 12.2 0.3 11.5 12.9

N-BMI + excessive GWG 12.5 0.5 11.5 13.6

OV-BMI + insufficient GWG 12.1 0.3 11.5 12.8

OV-BMI + adequate GWG 12.1 0.2 11.7 12.6

OV-BMI + excessive GWG 12.2 0.3 11.7 12.7

OB-BMI + insufficient GWG 13.3 0.7 11.9 14.8

OB-BMI + adequate GWG 12.7 0.6 11.5 13.9

OB-BMI + excessive GWG 12.1 0.7 10.7 13.5

Model adjusted by (used for margins estimations): mother´s age (mean 
28.1 years), mother´s education (mean 13.3 years), parity (first pregnancy), 
reported supplement intake (yes, no) and gestational age (28 weeks). Italics 
indicates significant differences within BMI groups (insufficient GWG).

 

 

 

0 10 20 30 40 50 60 70 80 90 100

Moderately preterm
 (32-36 weeks)

Early term (37-38 weeks)

Full term (39-40 weeks)

Late term (41 weeks)

N OV OB N+anemia OV+anemia OB+anemia

Figure 2.

Classification of Gestational age at delivery (%) according to the combined BMI 
and anemia status at the end of pregnancy (American College of Obstetrics and 
Gynecologists definition: moderately preterm [32-36 weeks], early term [37-38 
weeks], full term [39-40 weeks], late term [41 weeks]).
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Table V. Association of the combination of BMI status and anemia (Hb < 11 g/dL) 
at the end of pregnancy with growth indicators and triceps skin fold in offspring 

from birth to 3 months of age

Birth 
(n = 63)

Distribution at the end 
of pregnancy

Weight 
(kg)

WAZ
Length 

(cm)
LAZ WLZ

Triceps 
skinfold 

(mm)

BMI Mean SD Mean SD Mean SD Mean SD Mean SD

Without anemia

Normal (6 %) 3.01 0.21 -1.27 0.70 49.25 1.50 -1.30 0.88 -0.70 1.22

Overweight (41 %) 3.32 0.38 -0.24 0.80 49.67 2.34 -0.46 1.09 0.05 0.87

Obesity (26.5 %) 3.24 0.39 -0.53 0.89 50.00 1.67 -0.33 1.17 -0.50 1.41

With anemia

Normal (3 %) 3.00 0.00 -0.57 0.07 49.50 0.71 -0.01 0.66 -0.77 0.68

Overweight (12.5 %) 2.90 0.20 -0.91 0.66 49.86 1.68 -0.41 0.84 -1.10 0.53

Obesity (11 %) 3.18 0.43 -0.74 1.25 49.93 1.85 -0.55 1.80 -0.38 0.77

One month (n = 42)

Without anemia

Normal (6 %) 3.97 0.32 -1.00 0.46 53.95 1.36 -0.50 0.61 -0.85 0.70 5.00 1.80

Overweight (41 %) 4.26 0.52 -0.45 0.64 53.34 1.87 -0.74 0.69 0.32 0.77 6.53 2.01

Obesity (26.5 %) 4.18 0.53 -0.51 0.71 52.72 1.63 -0.98 0.72 0.51 0.97 6.96 2.40

With anemia

Normal (3 %) 3.47 0.21 -1.71 0.88 51.95 0.07 -1.26 0.44 -0.95 0.72 4.00 0.00

Overweight (12.5 %) 3.99 0.80 -0.83 1.25 52.38 1.82 -1.11 0.82 0.20 0.90 6.33 1.15

Obesity (11 %) 3.94 0.38 -1.08 0.90 52.39 3.43 -1.29 2.02 0.09 1.66 6.50 1.91

Three months (n = 40)

Without anemia

Normal (6 %) 6.23 0.35 -0.49 0.72 60.88 0.52 -0.68 0.54 -0.01 0.89 8.00 1.15

Overweight (41 %) 5.90 0.46 -0.40 0.55 60.07 1.33 -0.42 0.65 -0.09 0.43 8.66 2.50

Obesity (26.5 %) 6.15 0.65 -0.32 0.84 59.83 2.52 -0.82 0.86 0.46 1.07 9.69 2.31

With anemia

Normal (3 %) 5.57 0.55 -1.26 0.12 60.25 2.76 -0.86 0.21 -0.87 0.49 9.25 1.06

Overweight (12.5 %) 6.24 1.26 -0.05 1.57 59.68 1.59 -0.61 0.82 0.60 1.38 8.83 1.26

Obesity (11 %) 5.81 0.51 -0.26 0.83 57.68 3.36 -1.27 1.77 1.13 0.87 9.25 0.35

Longitudinal model

Coef
p- 

value
Coef

p- 
value

Coef
p- 

value
Coef

p- 
value

Without anemia

Normal (6 %) ref ref ref ref

Overweight (41 %) 0.12 0.55 0.63 0.07 -0.13 0.87 0.40 0.35 0.62 0.06 1.37 0.20

Obesity (26.5 %) 0.07 0.72 0.50 0.16 -0.53 0.52 0.23 0.60 0.62 0.07 2.01 0.06

With anemia

Normal (3 %) -0.39 0.20 -0.25 0.64 -0.69 0.57 0.19 0.78 -0.37 0.46 0.30 0.85

Overweight (12.5 %) -0.04 0.88 0.24 0.57 -0.44 0.65 0.27 0.60 0.16 0.69 1.24 0.35

Obesity (11 %) -0.03 0.89 0.27 0.51 -0.57 0.56 0.19 0.72 0.62 0.14 1.73 0.21

Italics indicate p-values < 0.05 in the regression models of the offspring parameters (reference N-BMI at the end of pregnancy + no-anemia).
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We also showed that women can end the pregnancy without 
anemia and with an N-BMI (6  %), OV-BMI (41  %), or OB-BMI 
(26.5 %); but also, with anemia with N-BMI (3 %), OV-BMI (12.5 %), 
or OB-BMI (11 %), which means than one of every 10 pregnant 
women presented obesity (BMI  ≥ 30  kg/m2) and anemia (Hb 
< 11g/L) at delivery. This agrees with the combined prevalence of 
overweight and anemia in women of reproductive age reported by 
The Mexican National Health and Nutrition Survey (19).

Regarding offspring outcomes at birth, we did not find a sig-
nificant difference in weight and length according to the combi-
nations of mother´s BMI and anemia. This result is similar to the 
findings in the cohorts from Indonesia and Ghana where adverse 
outcomes at delivery were not found  (31).  However, when we 
explored in the longitudinal model (birth to 3 months old) in off-
spring´s growth trajectories, we found a statistical difference in the 
weight for age Z score, which was greater in offspring from wom-
en with OV-BMI and normal Hb levels. Overweight and mothers 
living with obesity and normal Hb levels had offspring with higher 
Z scores of weight for age, weight for length and triceps skinfold 
from birth up to 3 months old. All of these parameters are related 
to a higher risk of obesity and cardiometabolic alterations in child-
hood as have been shown in previous cohorts (34, 35), including a 
Mexican cohort from the same socioeconomic strata (36).

When constructing the database, we observed that only 11 % 
of the revised medical files had recorded Hb levels in the ante-
natal visits; these data are relevant as we expected to have this 
information for all pregnant women at least once. The number of 
antenatal visits was on average surprisingly low at 2 (range 1 to 
5), which also reflects that most of the pregnant women includ-
ed in this report did not meet the WHO recommended minimum 
of 4 and optimally 8 antenatal visits. This also has to be seen in the 
light of the fact that the vast majority of pregnant women in Mex-
ico (98.7 %) attend antenatal care, and they are in contact with 
the healthcare system (21), but this contact is not always during 
the first weeks of pregnancy, when the prenatal programs are 
supposed to be initiated as folic acid and iron supplementation.

STRENGTHS AND LIMITATIONS

The main strength of the study is the longitudinal design, with 
repeated measures during pregnancy and after birth, which al-
lowed us to establish temporality in the reported associations. A 
limitation of the study is that we did not measure ferritin or iron 
stores, but only Hb as the parameter commonly measured in IMSS 
clinics; however, it has been documented that > 50 % of anemia 
in pregnancy is due to iron deficiency (37). Furthermore, pre-preg-
nancy BMI was self-reported, which can produce an error in the 
estimations; nevertheless, a previous study has documented that 
it can explain 88  % of the variance in estimated pre-gravidae 
weight (38), and it can produce an underestimation of overweight 
and obesity (39), which means that our results could be stronger 
with an objective measure. Finally, the relatively small sample size 
limits the power of our analysis, but when compared to the rest 
of the cohort, we observed no statistically significant differences, 
except for one variable, reflecting internal validity.

IMPLICATIONS FOR THE HEALTH SYSTEM

These results should be taken into consideration at prenatal 
care, especially when the current health system is facing larger 
numbers of overweight or obese pregnant women. Identifying 
women not only with overweight/obesity but also with its combi-
nation with anemia represents a new challenge to health services 
and an increasing problem, as approximately 1 of every 10 preg-
nant women could probably have both conditions in pregnancy. It 
is well established that both maternal over- and under-nutrition, 
including micronutrient deficiencies leading to anemia, increase 
the risk of non-communicable disease in the offspring via fetal 
programming (40).

As women are often highly motivated for behavioral changes, 
especially when associated with benefits to their offspring, con-
sequently, intervening at this stage of the life-course has the po-
tential of a significant impact on the future health of both mother 
and her offspring.

CONCLUSION

Our results suggest that excessive GWG is associated with 
having lower Hb levels at the end of pregnancy among wom-
en living with obesity. Additionally, newborns presented higher 
scores in weight for age, weight for length, and triceps skinfold 
from birth to 3 months of age, parameters related to childhood 
obesity, when mothers presented overweight and obesity only, 
but not in those mothers with overweight or obesity and with 
anemia.
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