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Abstract

Objective: Pregnancy in adolescence is a global health issue, especially in

developing countries. Additionally, the recommended gestational weight gain

(GWG) is usually based on pre-pregnancy BMI and that might be complex for

pregnant teens. The study objective was to compare three different methods of

BMI classification and suggest the best way of determining pre-pregnancy BMI

and monitoring GWG among pregnant adolescents.

Design: Pre-pregnancy weight, weight at first prenatal visit, height, socio-

demographic, reproductive and perinatal data were collected. Weighted kappa

and McNemar statistics were used to assess agreement between the classification

methods.

Setting: Prof. Dr Jose Aristodemo Pinotti Women’s Hospital, University of

Campinas, Brazil.

Participants: Primiparas younger than 19 years of age and with less than 20 weeks

of gestational age (2 150).

Results: BMI of the primiparas was determined according to the WHO

recommendation for adult women, the Child Growth Standards (CGS) and their

gynaecological age (GA). The WHO and GA measurements presented a strong

agreement with each other (ky, =0-99; 95% CI 0-97, 1-00), but did not agree with

the CGS classification (kg =0-62; 95% CI 0-50, 0-74 by WHO; iy, =0-62; 95% CI

0-51, 0-74 by GA). Also, inadequate GWG was observed in 72-2 % of cases and was Keywords
correlated with a higher rate of caesarean birth. Teenage pregnancy
Conclusions: BMI classification according to the CGS differed from WHO and GA. BMI
However, CGS and WHO agreed on perinatal outcomes. We recommend using Gestational weight gain
BMI classification by WHO to assess pregnant adolescents, since it is easily Prenatal care
applied and better known among health professionals. Nutrition

About 16 million girls aged 15-19 years plus another 1
million under 15 years of age give birth each year
worldwide”. Complications during pregnancy and deliv-
ery are the main cause of death in adolescent mothers,
especially in developing countries™ .

Correct nutritional diagnosis in early pregnancy could
prevent adverse perinatal outcomes associated with
inappropriate feeding practices'”. However, the resources
to assess the nutritional status of pregnant adolescents are
limited. BMI is widely used as a predictor of nutritional
status and pre-pregnancy BMI is used as the premise of
the recommendation for gestational weight gain (GWG).
GWG plays an important role in perinatal outcomes.
When insufficient, it is related to fetal growth restriction;

when excessive”, GWG is related to gestational diabetes,
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hypertensive disorders and higher rate of caesarean birth.
In addition, excessive GWG increases the likelihood of
weight retention postpartum and future obesity in
women?.

In 2009 the Institute of Medicine published a guideline
with a reviewed GWG recommendation® using the WHO
classification of BMI from 1995 (see online supple-
mentary material, Supplemental File 1). However, this
recommendation was based on North American adult
women and tended to overestimate the proportion of
adolescents with low weight, especially in girls under 16
years old®. In contrast, BMI expressed in percentiles
proposed by the 2006 WHO Child Growth Standards
(CGS)” are used for clinical monitoring of children and
adolescents and do not take into account the coexistence
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of pregnancy (see online supplementary material, Sup-
plemental File 2). Thus, the same pregnant adolescent can
be classified in two distinct categories of BMI and receive
different recommendations for GWG.

Another way of categorizing these adolescents is to
classify them according to their gynaecological age (GA),
which is calculated by subtracting the chronological age at
menarche from the chronological age at the time of con-
ception®. Menarche is an important step in the achieve-
ment of reproductive capacity and is used as an important
risk factor for obstetric and perinatal complications®?.

The objectives of the present study were: () to appraise
the most appropriate BMI classification for pregnant ado-
lescents between the three most used methods, namely the
WHO recommendation for adult women, the 2006 WHO
CGS and according to GA; and (ii) to suggest the best way
of monitoring GWG in adolescents through the evaluation
of perinatal outcomes according to adequacy of GWG.

Methods

Study design and sample
The present study had a prospective cohort design, being
part of a larger study.

The sample size was calculated according to BMI dis-
tribution and weight gain prevalence. Recent data showed
a 1:2 ratio of women with low BMI to women with over-
weight or obesity. Also, Harper et al'” found the pre-
valence of inadequate weight gain in pregnancy to be
27-1% in women with low initial BMI and 71-0% in
women with overweight or obese initial BMI. Considering
a 5% significance level, the difference between the pre-
valence and a loss to follow-up of 20%, the sample size
was a minimum of 138 subjects.

Participants
The study was conducted at Prof. Dr Jose Aristodemo
Pinotti Women’s Hospital (CAISM) in the University of
Campinas, Brazil, which is a reference centre in women’s
health care, has an interdisciplinary and multi-professional
team, and runs a specialized outpatient clinic for teenagers.

All primiparas aged 19 years or younger who started
prenatal care with less than 20 weeks of gestational age
were invited to the study. Teens who accepted to parti-
cipate in the study provided informed assent and informed
consent.

Adolescents who had restriction to bioelectrical impe-
dance analysis were not invited to participate, since the
study made use of this resource.

Follow-up

At the first prenatal care visit, adolescents answered a
standardized and pre-tested questionnaire covering pre-
pregnancy weight, sociodemographic data, gynaecological
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history and lifestyle habits (practice of physical activity,
smoking status and current alcohol consumption). Anthro-
pometric assessment (weight, height, subcutaneous adip-
osity by bioelectrical impedance analysis) and a 24 h dietary
recall were also collected.

The anthropometric assessment and 24 h dietary recall
were conducted two more times, during the second and
third trimester of pregnancy.

A last interview was conducted during the first post-
partum visit, collecting their anthropometric assessment
and a 24 h dietary recall. Weight in the last prenatal visit,
weight at delivery and perinatal outcomes were collected
through medical records (Fig. 1.

All interviews were conducted face-to-face by the main
researcher and pre-trained medical students.

Antbropometric assessment

Weight and height of the barefoot pregnant adolescents
were routinely measured by local trained professional
nursing staff, according to the outpatient protocol, using
an anthropometric scale and a Toledo® stadiometer. BMI
at the first prenatal visit was calculated based on their
measured height and weight at the first prenatal visit. Pre-
pregnancy weight was self-reported and used to calculate
pre-pregnancy BMI.

After calculation, BMI was classified according to:
the WHO recommendation for adult women™; the CGS of
BMI-for-age for girls aged 5-19 years published in 2006 by
WHO"; and according to their GA®.

First prenatal care
n 150

Pre-pregnancy weight Weight at first prenatal care visit
n 150 n 150

| | Lost to prenatal care follow-up, n 28
Abortion, n 3

Second trimester of pregnancy
n119

Lost to prenatal care follow-up, n 9
H Prematurity, n 2
Return to prenatal care follow-up, n 2

Third trimester of pregnancy
n110
I
Postpartum care
ni1i2*

Weight at delivery l Weight at the last prenatal visit
n98 n12

Fig. 1 Flowchart showing the selection of patients for the
present study and follow-up. *Two participants who did not
follow prenatal care at the research hospital returned for
delivery and their weights at delivery were included for analysis
of gestational weight gain
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The WHO classification does not take the woman’s
age into account and is divided into: underweight
(BMI < 18:5 kg/m?®), healthy weight (BMI = 18-5-24-9 kg/m?),
overweight (BMI = 25-0-29-9 kg/m?) and obesity (BMI >
30-0 kg/m*)®.

The CGS classification does not consider pregnancy and
is adjusted by gender and age, being classified in Z-scores:
severe obesity (above Z-score 3), obesity (above Z-score 2),
overweight (above Z-score 1), healthy weight (Z-score
above 0 and below —1), wasted (below Z-score —2) and
severely wasted (below Z-score —3)'”. The CGS classifica-
tion utilized the software Anthro Plus® for personal com-
puters, version 3.1, developed by WHO"".

Moreover, for the BMI classification through GA, ado-
lescents were divided into two groups: girls with GA
greater than or equal to 3 years, who were considered
adults and classified according to the WHO recommen-
dation; and girls with GA less than 3 years, who were
considered children and classified according to the CGS.

GWG was defined as the difference between weight at
delivery and self-reported pre-pregnancy weight. When
weight at delivery was missing, the weight in the last
prenatal visit was considered?.

After that, based on the categories of pre-pregnancy
BMI according to all three different methods, the adequacy
of GWG was generated according to the Institute of
Medicine recommendations®. The adequacy of GWG was
classified into the following categories: insufficient, ade-
quate or excessive.

These categories were used to compare the methods
according to a single reference of GWG, but with different
references of pre-pregnancy BMI classification.

Statistical analysis

The difference between self-reported pre-pregnancy
weight and weight at the first prenatal visit was evaluated
using the paired Wilcoxon test. From these findings, the
self-reported pre-pregnancy weight was assumed as pre-
gestational weight for the following analyses. The agree-
ment between methods for GWG was evaluated using the
weighted kappa coefficient (k) and 95% confidence
interval. Only CGS and WHO classifications were used,
since WHO and GA classifications presented a strong
agreement. Fisher's exact test was used for analysing
associations between the perinatal outcomes and BMI
classifications. The significance level for the statistical tests
was 5% and the statistical software package SAS version
9.4 for Windows was used for the analysis. All items of the
STROBE (Strengthening the Reporting of Observational
Studies in Epidemiology) consensus were followed .

Results

The study included 150 adolescents with age range from
12 to 19 years and mean age of 15-4 (sp 1-3) years. Their
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mean age at menarche was 11-6 (sp 1-3) years and mean
gestational age at the first prenatal visit was 15-1 (sp 3-6)
weeks (data not shown). Demographic social, gynaeco-
logical and lifestyle characteristics of the pregnant ado-
lescents in early pregnancy are presented in Table 1.

Mean self-reported pre-pregnancy weight and mean
weight at the first prenatal visit were 55-9 (sp 11-0) kg and
57-6 (sp 11-0) kg, respectively, with a weight variation of 1-7
(sp 4-1D) kg, without statistical difference (data not shown).

Mean pre-pregnancy BMI was 22-2 (sp 4-0) kg/m?, with
a prevalence of overweight and obesity of 30-6% by the
CGS classification and of 17-:3% by WHO and GA classi-
fications (Fig. 2). Besides, the WHO and GA classifications
presented a strong agreement with each other according
to pre-pregnancy BMI (k,, =0-99; 95% CI 0-97, 1-00) and
according to weight at the first prenatal visit (xy =1-00;
95% CI 1-00, 1-00). However, they presented very low
agreement with the CGS classification according to pre-
pregnancy BMI (x,, =0-62; 95% CI 0-50, 0-74 for WHO;
Ko =0:62; 95% CI 0-51, 0-74 for GA) and low/very low
agreement according to weight at the first prenatal visit
(ke =0-70; 95 % CI 0-59, 0-81 for WHO; Kk, = 0-62; 95% CI
0-51, 0-74 for GA; Table 2).

Table 1 Sociodemographic, gynaecological and lifestyle characteristics
of pregnant adolescents (n 150) in early pregnancy. Campinas, Brazil,
September 2014 to July 2017

n %

Age (years)

<15 42 28

>15 108 72
Gynaecological age (years)

<3 34 22.7

>3 116 77-3
Age at menarche (years)

<12 71 473

>12 79 52.7
Colour

White 81 55-9

Non-white 64 441

Missing 5 33
Marital status

With partner 124 838

Without partner 24 16-2

Missing 2 1.3
Student

Yes 96 64-0

No 54 36-0
Education

<Elementary school 77 513

> High school 72 480

Missing 1 07
Paid work 11 7-3
Social class*

E/D 117 78-0

C 6 4.0

Missing 27 18.0
Practice of physical activity 4 23
Smoking status 6 4.0
Current alcohol consumption 1 07

*Social class classification of the Brazilian Government. Classes E/D are
comprised of families with household per capita income below or equal to the
poverty line. Class C are those with household per capita income between
the median and the ninth decile of the income distribution®®,
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Fig. 2 BMI classification of pregnant adolescents (n 150) according to three methods: WHO recommendation for adult women®
(), 2006 WHO Child Growth Standards” (m) and gynaecological age® (m). Campinas, Brazil, September 2014 to July 2017

Mean weight at delivery was 69-5 (sp 11-1) kg, with a
mean GWG of 13-1 (sp 5:6) kg (Fig. 3). An inadequate
GWG was observed in 64-4 and 62-7% of adolescents
according to the CGS and WHO, respectively.

More than two adverse perinatal outcomes were
observed in 13-:2% of the infant-mother dyads. Among
babies, 9-7% presented gestational age less of than
37 weeks, 9-7 % weighed less than 2500 g at birth and one
baby presented a 5 min Apgar score below 7. Besides, the
rate of caesarean surgery was 36-9% among the adoles-
cents, 50 % presented anaemia during the pregnancy and
6% presented gestational diabetes.

A higher rate of caesarean delivery was observed
among adolescents with excessive GWG under both the
CGS (P=0-01) and WHO (P=0-01) classifications. No
other significant associations were found for the other
perinatal outcomes evaluated (Table 3).

Discussion
The present study showed a positive correlation between

BMI classified according to WHO and GA for pregnant
adolescents but did not show an agreement between these

Table 2 Agreement between three methods of classification of BMI among pregnant adolescents (n 150), according to pre-pregnancy
weight referred by the adolescent and weight measured at the first prenatal visit. Campinas, Brazil, September 2014 to July 2017

WHO v. CGS WHO v. GA GA v. CGS
Rating n % n % n %
According to referred pre-pregnancy weight
Concordant
Underweight 15 10-0 22 14.7 15 10-0
Eutrophic 81 54.0 101 67-3 82 54.7
Overweight 15 10-0 18 12.0 15 10-0
Obese 8 5.3 8 53 8 53
Total 119 79 149 99. 120 80
Discordant
Underweight and eutrophic 8 53 1 07 7 4.7
Eutrophic and overweight 20 133 0 0.0 20 133
Overweight and obese 3 2.0 0 0-0 3 2.0
Total 31 207 1 0-7 30 20-0
Kw 0-62 0-99 0-62
95 % Cl 050, 0-74 097, 1-00 051, 0-74
According to weight at the first prenatal visit
Concordant
Underweight 7 4.7 12 8-0 7 4.0
Eutrophic 85 56-7 100 66-7 85 48-6
Overweight 23 15-3 28 187 23 131
Obese 10 67 10 67 10 5.7
Total 125 83-3 150 100- 125 71
Discordant
Underweight and eutrophic 5 33 0 0-0 7 4.0
Eutrophic and overweight 15 10-0 0 0.0 20 114
Obese and overweight 0 0-0 0 0-0 5 2.9
Overweight and eutrophic 0 0-0 0 0-0 15 86
Overweight and obese 5 33 0 0-0 3 1.7
Total 25 16-7 0 0-0 50 28-6
Kw 0-70 1-00 0-62
95 % Cl 0-59, 0-81 1.00, 1-00 0-51, 0-74

WHO, WHO recommendation for adult women®; CGS, 2006 WHO Child Growth Standards”; GA, gynaecological age®®.
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Fig. 3 Mean gestational weight gain (GWG) among pregnant
adolescents (n 150) according to pre-pregnancy BMI category,
showing the agreement between two methods of classifying
pre-pregnancy BMI: (a) 2006 WHO Child Growth Standards”;
(b) WHO recommendation for adult women®. Also shown are
the corresponding maximum (- - @ - -) and minimum (—— @ — -)
values of GWG in kilograms from the Institute of Medicine for
each pre-pregnancy BMI category®. Campinas, Brazil,
September 2014 to July 2017

classifications and BMI classified according to CGS, with a
high prevalence of overweight and obesity in all three
methods. However, when the associations between GWG
and perinatal outcomes were analysed, similar results
were found by WHO and CGS classifications, with a high
prevalence of inadequate GWG and a positive correlation
between one another, despite the WHO classification
being inappropriate for classifying BMI in adolescents and
an adolescent-specific GWG guideline being needed.
However, the WHO method is easily applied and better
known among health professionals compared with the
CGS method.

A high prevalence of overweight and obesity was
observed by the three classifying methods. However, BMI
classified using the CGS method differed from the other
two classifications (WHO and GA) in overestimating
underweight in female adolescents, thus decreasing the
proportion of overweight and obese adolescents in the
sample. Similar results were found in a cross-sectional
study that included 826 adolescent mothers; with a low
discrepancy of 5% by CGS in relation to the WHO clas-
sification’®. When compared with other references of
BMI used to assess child anthropometric status, over-
weight and obesity prevalence is higher according to the
CGS classification method"™. Accordingly, the choice of

reference  when calculating BMI may influence
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conclusions about the anthropometric status of adoles-
cents and their related malnutrition prevalence'’> and
may influence strategies about public health interventions.

An advantage of growth chart classifications is the fact
that they account for the chronological age and gender of
the adolescent*'®. In contrast, the WHO classification,
which does not take account of these variables, showed a
strong agreement with the GA classification, which does
account for the gender and sexual maturation of the
adolescent®?.

The prevalence of adolescents in the present study
who started pregnancy being overweight or obese
(30-6 % according to the CGS and 17-3 % according to the
WHO and GA) is a call to action, as it reflects the global
epidemic of overweight and obesity among young peo-
ple"’”. In addition, the low response of pregnant teens
to GWG recommendations can be understood as the
high prevalence of inadequate GWG (40%) found
among adolescents. Similar results have been described
not only among pregnant adolescents"® but also adult

Along with this, studies have shown that women with a
pre-pregnancy BMI classified as overweight tend to pre-
sent a higher GWG when compared with obese
women??? Tt is important to highlight that an excessive
weight gain during pregnancy is associated with higher
weight retention in the postpartum period, higher GWG in
next gestations and obesity in adulthood'**".

Adverse perinatal outcomes are also related to higher
pre-pregnancy BMI and GWG, like diabetes, caesarean
delivery and fetal macrosomia®?®. In our study a positive
association was observed only between excessive GWG
and higher caesarean delivery rate (P=0-0149 by WHO
and P=0-0133 by CGS). The prevalence of caesarean
delivery in our study population (36-8%) is greater than
that recommended by WHO (10 %)*?, but lower than that
found in Brazil (57-5 %)% .

We also found a low prevalence of physical activity
among pregnant adolescents (2-7%). Lack of physical
activity favours an increase in body fat, GWG and mater-
nal glucose level, and consequently increases the risk of
macrosomia and adiposity in the offspring®®.

In this context, it is essential to highlight the importance
of antenatal education in the prevention of inadequate
GWG. Studies have been shown that girls who received
antenatal education present a higher level of prenatal
adaptation'® and a higher prevalence of appropriate
weight gain®®”, showing that the traditional prenatal care
model is perhaps not the best way to follow up and give
information to pregnant adolescents.

However, it is important to emphasize that pregnant
adolescents tend to start prenatal care later compared with
adult women®” and consequently they receive antenatal
education late, increasing the risk of obstetric complica-
tions. In our study, pregnant teens who were at less than
20 weeks of gestational age were selected, going against
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Table 3 Associations between gestational weight gain (GWG)* and perinatal outcomes among adolescents (n 150) according to two methods of BMI classification. Campinas, Brazil, September

2014 to July 2017

CGS classification

WHO classification

Insufficient GWG

Adequate GWG Excessive GWG

Insufficient GWG

Adequate GWG Excessive GWG

n % n % n % Pt n % n % n % Pt
Gestational age (weeks) 0-4835 0-7203
<37 3 111 0 0-0 3 53 2 83 1 71 3 5.0
>37 24 889 14 10 53 93 22 91 13 92 57 95.
Missing (n) 1 5 3 5
Newborn weight (g) 0-6396 0-5233
<2500 3 111 0 0.0 4 70 3 125 0 0.0 4 67
>2500 24 88-9 13 10 53 93 21 875 13 10 56 93
Missing (n) 2 5 4 5
Delivery mode 0-0149 0-0133
Vaginal 21 77-8 11 78-6 28 491 18 75-0 12 857 30 50-0
Caesarean 6 222 3 214 29 50-9 6 25.0 2 14.3 30 50-0
Missing (n) 1 5 3 5
Multiple factors 0-4260 0-4629
Zero factor 17 531 8 53-3 24 393 15 55.6 8 471 26 40-6
One factor 7 219 6 40-0 26 42-6 6 222 6 35-3 27 422
Two factors 2 6-3 0 0-0 6 9-8 2 74 0 0.0 6 9-4
Three factors 1 31 0 0-0 1 1.6 1 3.7 0 00 1 1.6
Missing (n) 1 5 3 5

CGS, 2006 WHO Child Growth Standards”; WHO, WHO recommendation for adult women®.
*Adequacy of GWG from the Institute of Medicine®.

1P value from Fisher's exact test.
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the real fact, which may have influenced the prevalence of
obstetric complications.

Pregnant girls with a GA of less than 3 years accounted
for over a fifth of our sample (22-7 %). Concomitantly with
this, chronological age of less than 15 years (28-0 % of our
group) also contributes to increased pregnancy risks such
as prematurity and neonatal mortality>®%72%.

Furthermore, over a third of the adolescent girls had
their menarche before the age of 12 years. This is an
important finding, since a case—control study with 101
women showed associations between early menarche and
teenage pregnancy and the occurrence of morbid obesity
in adulthood and increased probability of a second preg-
nancy while still in adolescence®"*”.

The high prevalence of abstention from formal educa-
tion (36:0 %) is a relevant piece of information since many
of these adolescents do not have the opportunity to
resume their studies later due to the demands of caring for
a newborn. This can have negative social and economic
effects on the adolescent and her family, and extend to
society as a whole, reducing professional opportunities
and future income®?*. Some adolescents had inter-
rupted their studies even before their pregnancy and this
indicates social deprivation, related to the aetiology of
pregnancy in adolescence. Abstention from formal
studies also increases the likelihood of repeated preg-
nancy in adolescence. In contrast, non-pregnant adoles-
cents have a higher probability of finishing high
school®'*# Along with these findings we found a high
proportion lacked paid work (92-7 %), contributing to the
increase of the young population that does not study and
does not work.

Strengths and limitations

To our knowledge, the present study is the first comparing
the BMI classification of pregnant adolescents according to
WHO, CGS and GA methods, and our findings help future
researchers and health professionals to classify these
women and give them a better orientation about GWG.
Along with this, our study contributes to achieving the
Global Goals for Sustainable Development proposed by
the UN“”, with emphasis on Goal 3: ‘Good Health and
Well-Being’, providing better-quality health care for these
girls and their babies, reducing perinatal complications,
maternal and infant mortality. Moreover, our study con-
tributes to other goals such as quality education, no pov-
erty and gender equality®”. Furthermore, our study has
the important strength of using a well-trained team to
collect all anthropometric data, minimizing measuring
errors.

Nevertheless, the fact that there are no specific recom-
mendations for pregnant adolescents in terms of BMI
classification and GWG could affect the interpretation of
results. This could be seen as a limitation, but on other
hand shows the importance of developing specific
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parameters for pregnant adolescents. Another limitation of
our study is the fact that pre-pregnancy weight was self-
recorded and not measured; however, in the majority of
cases adolescent pregnancy is not planned, making pre-
vious measuring impossible.

Conclusion

The three methods of BMI classification can make it pos-
sible that the same pregnant adolescent receives different
BMI categorizations and consequently different recom-
mendations for GWG during prenatal care. However, the
GA classification provided a critical look on other classi-
fications, allowing us to conclude that the CGS classifica-
tion overestimates overweight and obesity in this group.
Supplementing these results, the analysis of perinatal
outcomes was concordant between two methods (CGS
and WHO).

Consistent with these results, we conclude that the WHO
BMI classification is a good method to assess pregnant
adolescents, due to its easy application and greater
knowledge among health professionals, allowing more
health professionals to assist teens during prenatal care and
inform them about the correct GWG for their BMI.

To minimize possible errors, it is important to improve
the diagnosis of nutritional status with the assistance of
other methods like dietary assessment and percentage of
body fat, which can be measured by subcutaneous adip-
osity and bioelectrical impedance analysis.

Also, these results show the importance of multi-
disciplinary prenatal care for pregnant adolescents, which,
associated with adequate nutritional diagnosis, may be key
to reducing adverse perinatal outcomes.
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