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Patterns and trajectories of gestational weight gain:
a prospective cohort study

Megan Jarman PhD, Yan Yuan PhD, Mohammadreza Pakseresht MD PhD, Qian Shi MSc,
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Background: Gestational weight gain in excess of or below Health Canada’s guidelines is known to increase the risk of adverse out-
comes for both the woman and her baby. This study describes patterns and trajectories of total and rate of gestational weight gain in
a large prospective cohort of pregnant women and adolescents in the Alberta Pregnancy Outcomes and Nutrition study.

Methods: We collected weight and height data for 1541 pregnant adolescents and women (mean age 31 years, < 27 weeks’ gesta-
tion) recruited through advertisements and physicians’ offices in Calgary and Edmonton between May 2009 and November 2012. Data
were collected once during each trimester following enrolment and once at about 3 months post partum. The participants were catego-
rized according to their prepregnancy body mass index (BMI) as underweight, of normal weight, overweight or obese. We calculated
distributions of total and weekly rates of weight gain and determined trajectories of weight gain for each prepregnancy BMI category.

Results: Of the 1541 participants, 761 (49.4%) exceeded Health Canada’s guidelines for total gestational weight gain, and 272
(17.6%) gained less weight than recommended. A total of 63 (19.2%) and 38 (23.6%) participants categorized as overweight or
obese, respectively, exceeded the recommended upper limit by 5 to less than 10 kg, and 53 (16.2%) and 27 (16.8%), respectively,
exceeded the upper limit by at least 10 kg. Ninety-five participants (30.3%) in the overweight group and 59 (39.6%) of those in the
obese group gained weight at more than double the recommended rate between the second and third trimesters. The median weight
gain for participants in the normal, overweight and obese categories had exceeded recommended upper limits by about 30, 20 and
18 weeks’ gestation, respectively.

Interpretation: Adherence to Health Canada’s guidelines for gestational weight gain was low. Excess gestational weight gain was
most marked among those with a prepregnancy BMI in the overweight or obese category. The findings suggest that weight manage-
ment in pregnancy is challenging and complex. Messages and supports that are tailored for women in different prepregnancy BMI
categories may help to improve guideline-concordant gestational weight gain.

nadequate or excessive weight gain during pregnancy
increases the risk of adverse outcomes for the woman
and her baby. Gaining too little weight has been associ-
ated with higher risk of the infant’s dying' and being small
for gestational age.” Gaining too much weight increases the
risk of postpartum weight retention® and cesarean delivery*
and may also increase the risk of gestational hypertension in
the woman® and her infant’s being large for gestational age.’
In 2010, Health Canada adopted and disseminated updated
guidelines for gestational weight gain that had been developed
by the Institute of Medicine (Table 1).%” These guidelines are
intended to support physicians and clinicians who practise in
the area of prenatal care by providing appropriate ranges for
total and weekly rates of gestational weight gain, based on a
woman'’s prepregnancy body mass index (BMI).
The impetus for revising the guidelines was growing rec-
ognition that excessive weight gain in pregnancy is becoming
increasingly prevalent. Typically, women in developed coun-
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tries who gain too much weight are likely to have entered
pregnancy with a BMI that classifies them as overweight or
obese.?!'! However, more recent studies have shown that
excessive gestational weight gain is also prevalent in women
with a normal prepregnancy BMI and it also occurs in under-
weight women, albeit to a lesser extent.**!3 Most studies in
this area have focused on total gestational weight gain, with
little consideration given to the trajectory of weight gain dur-
ing the course of the pregnancy. Furthermore, many studies
have simply classified women into 3 categories — “below,”
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Table 1: Ranges of total and weekly rate of gestational
weight gain according to Health Canada’s
recommendations,®” by prepregnancy BMI category

Weekly rate of

Prepregnancy BMI Total gestational gestational weight

category weight gain, kg gain, kg

Underweight 12.5-18 0.44-0.58
Normal weight 11.5-16 0.35-0.50
Overweight 7-11.5 0.23-0.33
Obese 5-9 0.17-0.27

Note: BMI = body mass index.

“met” or “above” guidelines — and few have described the
distribution of weight gain within groups of women according
to prepregnancy BMI category. It is clear that more compre-
hensive information on patterns of gestational weight gain is
needed to help identify women who may be at risk of not
meeting guidelines for gestational weight gain and to guide
the development of more effective intervention strategies.

The objective of this study was to describe patterns of total
and rate of gestational weight gain in a cohort of pregnant
adolescents and women in Alberta relative to Health Canada’s
revised guidelines for gestational weight gain.®’

Study design and population

The Alberta Pregnancy Outcomes and Nutrition (APrON)
study is a prospective cohort study of adolescent girls and
women and their infants during pregnancy and post partum.
Details of participant recruitment and study protocols have
been published elsewhere.!*!’ In brief, participants were
recruited through advertisements in the media and in physi-
cians’ offices in Calgary and Edmonton between May 2009 and
November 2012. Eligibility criteria were age 16 years or more,
literacy in English and duration of gestation less than 27
weeks. Participants who provided written informed consent
were invited to attend a study centre in Calgary or Edmonton
once during each trimester following enrolment and once at
about 3 months post partum. Ethics approval for the APrON
study was obtained from the Health Research Ethics Boards at
the University of Alberta and the University of Calgary.

Procedure

On enrolment, participants completed questionnaires con-
cerning prepregnancy weight, age, parity, marital status, eth-
nicity, family income and education. At each visit, trained
staff measured the participant’s weight to the nearest 0.01 kg
(Health o Meter Professional 752KL medical scale) and
height to the nearest 0.1 cm (HM200P Portstad portable
stadiometer, Charder Electronic Co., Ltd.). We calculated
prepregnancy BMI using self-reported prepregnancy weight
and measured height. Participants were classified as under-
weight (BMI < 18.5 kg/m?), of normal weight (BMI 18.5 to
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< 25 kg/m?), overweight (BMI 25 to < 30 kg/m?) or obese
(BMI 2 30 kg/m?). Self-reported highest weight during the
pregnancy was recorded at the postpartum visit.

Outcome measures

We calculated weight change during the pregnancy as the dif-
ference between the self-reported prepregnancy weight and
the measured weight at each visit. The total gestational
weight gain was calculated by subtracting the prepregnancy
weight from the highest weight during the pregnancy. In
cases in which the participant did not report her highest
weight or reported a weight that was lower than had been
measured during the third trimester, we calculated total gesta-
tional weight gain using measured weight in the third trimes-
ter. The weekly average weight gain during the second and
third trimesters was calculated by subtracting measured
weight in the second trimester from measured weight in the
third trimester and dividing by the number of intervening
weeks. The data for participants with missing values for mea-
sured weight in the second or third trimester (2 = 84) were
excluded from this analysis.

Statistical analysis

Within each prepregnancy BMI group, participants were cat-
egorized as “below” if they gained less than the lower limit of
the recommended amount of weight gain, “met” if they
gained within the recommended weight range, or “above” if
they exceeded the upper limit of the recommended amount of
weight gain. We used information from the infant’s birth
record to identify infants who were small or large for gesta-
tional age. The former is defined as below the 10th percentile
for gestational age, and large for gestational age is defined as
above the 90th percentile for gestational age. We assessed the
association between small for gestational age/large for gesta-
tional age and adherence to guidelines for gestational weight
gain using the % test.

Participants were also categorized as below, met or above
according to their adherence to guidelines for average weekly
rate of weight gain during the second and third trimesters.
We calculated the distributions of total and weekly rate of
weight gain by prepregnancy BMI category as well as the pro-
portions of participants who were 5 to less than 10 kg, 10-15
kg and more than 15 kg over the upper recommended limit
for their prepregnancy BMI category. We used box plots to
explore the trajectory of weight gain throughout pregnancy,
with each box indicating the median and interquartile range
of weight gain within the range of gestational ages. Cut-off
points for gestational age were selected such that the range of
time for each box was as small as possible but had a minimum
of 16 observations per box. The guideline ranges were super-
imposed onto each box plot to facilitate comparisons between
observed and recommended gestational weight gain trajectories.

A total of 2189 women and adolescent girls were recruited to
the APrON study. The median gestational age at the time of
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enrolment was 16.6 (interquartile range 14.0-20.6) weeks. Of
the 2189 participants, 319 were excluded because their baby
was not full term (= 37 weeks’ gestation), they did not have a
singleton or live birth, or birth information was missing; 190
were excluded because of missing prepregnancy weight or
height or both; 138 were excluded because of both missing
weight in the third trimester and self-reported highest weight
in the pregnancy; and 1 was excluded because of a data error.
Thus, the data for 1541 participants (mean age 31.3 [SD 4.4]
years [range 16-44 years]) who gave birth to a single live full-
term infant and had complete data for gestational weight gain
and prepregnancy weight status were included in the analyses.
The participants who were excluded did not differ in socio-
demographic or health-related characteristics from those who
were included (data not shown).

We performed sensitivity analyses to explore the utility of
using self-reported prepregnancy weight to calculate BMI. We
compared BMI derived from height and weight measured in
528 participants recruited during the first trimester with BMI
for the same participants derived from measured height and
self-reported prepregnancy weight. Almost all participants (72
[98.6%]) categorized as obese with the use of self-reported
weight were also categorized as obese when measured values
were used to derive BMI. Classification into the overweight,
normal-weight and underweight categories was accurate for 94
(86.2%), 287 (86.5%) and 10 (71.4%) participants, respectively.
Forty-three participants (13.0%) categorized as being of nor-
mal weight and 12 (11.0%) of those categorized as overweight
when self-reported weight was used to derive BMI actually
belonged to the next-higher weight category.

"The participants were predominantly white (1241 [80.5%]),
had a partner at the time of study enrolment (1460 [94.7%])
and had completed tertiary education (1058 [68.6%)] (Table
2). Just over half (827 ([53.7%]) were pregnant with their first
child. About three-quarters (1152 [74.8%]) were enrolled dur-
ing their second trimester, and 1265 (82.1%) came to all
scheduled pre- and postpartum visits. Almost two-thirds (994
([64.5%]) were of normal weight before pregnancy, 58 (3.8%)
were underweight, 328 (21.3%) were overweight, and 161
(10.4%) were obese.

Of the 1541 participants, 761 (49.4%) exceeded Health
Canada’s guidelines for total gestational weight gain. The val-
ues by prepregnancy BMI category were: underweight 16
(27.6%), normal weight 401 (40.3%), overweight 232 (70.7%)
and obese 112 (69.6%). Weight gain lower than recom-
mended was observed in 272 participants (17.6%), 10 (17.2%)
in the underweight group, 219 (22.0%) in the normal-weight
group, 20 (6.1%) in the overweight group and 23 (14.3%) in
the obese group. There was also evidence of weight loss, par-
ticularly in those in the obese group.

Within each prepregnancy BMI category, there was wide
variation in total gestational weight gain (Figure 1). Two
participants (3.4%) in the underweight group and 31
(31.1%) in the normal-weight group exceeded the recom-
mended upper limit by at least 10 kg. A gain 10-15 kg over
the upper limit was observed in 41 (12.5%) and 19 (11.8%)
participants in the overweight and obese groups, respec-
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tively, and a gain more than 15 kg above the upper limit was
observed in 12 (3.7%) and 8 (5.0%) participants, respec-
tively. Among the participants with complete data on infant
sex, birth weight and gestational age at delivery (z = 1365),
the numbers of participants in the under, met and above
weight gain categories who had infants who were small for
gestational age were 39 (16.2%), 43 (9.5%) and 50 (7.4%),
respectively (p < 0.001). The corresponding numbers for
participants who had large-for-gestational-age babies were 6
(2.5%), 17 (3.8%) and 67 (9.9%) (p < 0.001).

The proportion of participants who exceeded the recom-
mended average weekly rate of weight gain between the second
and third trimesters was higher in the overweight (88.2% [z =
277]) and obese (79.9% [n = 119]) groups than in the under-
weight 34.5% [n = 19]) and normal-weight (60.3% [z = 566])
groups (Figure 2). A total of 24 (2.6%), 95 (30.3%) and 59
(39.6%) participants in the normal-weight, overweight and
obese groups, respectively, gained weight at a rate that was
more than double the upper recommended limit.

For the normal-weight and overweight groups, the median
weight gain exceeded the recommended upper limit by about
30 weeks and 20 weeks of gestation, respectively (Figure 3).
Just over half (43/83 [51.8%]) of the participants in the obese
group whose data contributed to the box plots had gained
more weight than the recommended upper limit by 18 weeks.
In all BMI groups, weight gain continued to rise until the end
of pregnancy.

In this group of adolescent girls and women from Alberta,
adherence to Health Canada’s revised guidelines for gesta-
tional weight gain was low. Excess gestational weight gain was
most marked among those with a prepregnancy BMI in the
overweight or obese category, although 40.3% of those who
entered pregnancy with a normal BMI also experienced exces-
sive weight gain. Participants varied in the extent to which
they exceeded the guidelines, with 16% of those who were
overweight or obese before pregnancy exceeding their respec-
tive guidelines by 10 kg or more. In addition, weight gain tra-
jectories for participants in the normal-weight and overweight
categories were similar. The extent to which these similarities
reflect physiologic effects, psychosociobehavioural effects or
some combination of these should be topics for future
research. Finally, over half of the participants in both the
overweight and obese groups exceeded their respective guide-
lines by about 20 weeks’ gestation.

Our estimates are consistent with those reported in
recent studies in other Western countries where gestational
weight gain is measured routinely.*'>'*'® This highlights the
universality of this issue across many countries and health
care systems. Of note are the findings from a recent study of
gestational weight gain in women of normal weight with
low-risk pregnancies across 7 countries, in which the average
weight gain was 13.7 kg, which is consistent with our result
(15.5 kg).”

The magnitude of excessive weight gain in our study and
the fact that 4% of participants in the obese category



appeared to lose weight suggest that weight management in
pregnancy is a challenging and complex issue for women and
health care providers.” In our study, participants who gained
excessively were more likely to have a baby who was large for
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gestational age, which corroborates findings from other
research.!* Pregnancies that result in large-for-gestational-
age infants are more likely to result in delivery complications
including cesarean delivery, neonatal hypoglycemia and

Table 2: Sociodemographic characteristics of women and adolescent girls enrolled in the Alberta Pregnancy
Outcomes and Nutrition study, by prepregnancy BMI category
Prepregnancy BMI category; no. (%) of participants™

Overall Underweight  Normal weight ~ Overweight Obese
Characteristic (n =1541) (n=58)t (n=994)t (n=328)1 (n=161)T p valuet
Prepregnancy BMI, - 177+ 0.9 218 +17 271+ 14 345+42
mean = SD
Height, cm, mean + SD - 1672 + 6.9 165.6 + 6.4 166.1 £ 6.2 165.0 + 7.7
Prepregnancy weight, - 495 +5.1 59.9+6.5 748 +70 94.0 + 13.6
kg, mean = SD
Gestational weight gain, - 16.9+ 6.8 155 +5.3 152+ 6.0 123+ 78
kg, mean = SD
Age, yr, mean = SD - 28.8 +4.1 312+4.3 31.8+4.4 312+4.4
(n =1519)
Parity 0.077
0 827 (53.7) 30 (3.6) 563 (68.1) 155 (18.7) 79 (9.6)
1 539 (35.0) 18 (3.3) 333 (61.8) 128 (23.7) 60 (11.1)
>2 151 (9.8) 5(3.3) 87 (57.6) 42 (27.8) 17 (11.3)
Unknown 24 (1.6) 5(20.8) 11 (45.8) 3(12.5) 5(20.8)
Marital status 0.115
Married/common-law 1460 (94.7) 49 (3.4) 948 (64.9) 315 (21.6) 148 (10.1)
Divorced/separated/single 59 (3.8) 5(8.5) 37 (62.7) 9 (15.3) 8 (13.6)
Unknown 22 (1.4) 4(18.2) 9 (40.9) 4(18.2) 5(22.7)
Ethnicity 0.002
Asian 176 (11.4) 8 (4.5) 133 (75.6) 28 (15.9) 7 (4.0)
White 1241 (80.5) 38 (3.1) 794 (64.0) 275 (22.2) 134 (10.8)
Other 94 (6.1) 7 (74) 54 (57.4) 19 (20.2) 14 (14.9)
Unknown 30 (1.9) 5(16.7) 13 (43.3) 6 (20.0) 6 (20.0)
Family income, $ 0.152
<70 000 325 (21.1) 16 (4.9) 200 (61.5) 68 (20.9) 41 (12.6)
>70 000 1178 (76.4) 36 (3.1) 774 (65.7) 253 (21.4) 115 (9.8)
Unknown 38 (2.5) 6 (15.8) 20 (52.6) 7 (18.4) 5(13.2)
Education < 0.001
High school diploma or 164 (10.6) 9 (5.5) 92 (56.1) 31 (18.9) 32 (19.5)
lower
Completed trade/technical 286 (18.6) 8 (2.8) 162 (56.6) 77 (26.9) 39 (13.6)
school
Completed university 704 (45.7) 23 (3.3) 465 (66.1) 156 (22.2) 60 (8.5)
Completed postgraduate 354 (23.0) 12 (3.4) 262 (74.0) 56 (15.8) 24 (6.8)
degree
Unknown 33 (2.1) 6 (18.2) 13 (39.4) 8(24.2) 6 (18.2)
Note: BMI = body mass index.
*Unless stated otherwise.
tProportions are row proportions.
Iy test.
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Figure 1: Total gestational weight gain by prepregnancy body mass index category among participants in the Alberta Pregnancy Outcomes and
Nutrition (APrON) study. Total weight gain is shown in 2-kg blocks. The blue ticks on the x axis indicate the recommended lower and upper lim-

its for total weight gain according to Health Canada’s guidelines.

shoulder dystocia® in addition to increased risk of overweight
in childhood.?**® Similarly, we observed that relatively high
proportions of underweight participants and those of normal
weight gained less weight than recommended, which is associ-
ated with increased risk of a small-for-gestational-age infant.?
It is not known whether the risks or the consequences of inad-
equate weight gain during pregnancy differ by prepregnancy
BMLI. It is possible that there were clinical explanations for
some of the observed excessive or inadequate weight gain
among our participants; however, because this was an obser-
vational study it was not our objective to explore clinical
underpinnings. More research in this area is warranted.

About one-third of participants with a prepregnancy BMI
in the overweight or obese category had an average weekly
rate of weight gain in the second and third trimesters that was
more than double the recommended upper limit. Rapid rates
of weight gain during the second and third trimesters are well
documented,?”** although factors contributing to the high
rates observed in our study are not well understood. The fact
that most participants in the normal, overweight and obese
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groups exceeded the recommended weekly rates of weight
gain suggests that rapid weight gain is not well attended to by
health care providers or women during this phase of pregnancy.

Historically, a sigmoidal pattern of gestational weight gain
has been commonly described, with weight gain accelerating
between the second and third trimesters and plateauing in late
pregnancy®*! as fetal growth slows in the final weeks of gesta-
tion.*? More recent evidence, including that from the current
study, suggests that, in many women, weight may continue to
increase up until delivery.’*** High rates of weight gain in the
second and third trimesters have been associated with larger
gains in maternal fat mass, higher birth weight and longer

birth length.*3¢

Limitations

A limitation of our study was that we calculated prepregnancy
BMI using self-reported prepregnancy weight; however, sen-
sitivity analyses suggested that the data were reasonably accu-
rate. Furthermore, more than 10% of participants categorized
as being of normal weight or overweight when self-reported
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Figure 2: Weekly rate of weight gain between the second and third trimesters by prepregnancy body mass index category among participants
in the Alberta Pregnancy Outcomes and Nutrition study. The rate of weight gain is shown in 0.05-kg blocks. The blue ticks on the x axis indicate
the recommended lower and upper limits for weekly rate of weight gain according to Health Canada’s guidelines.

weight was used to derive BMI actually belonged to the next-
higher weight category. In addition, self-reported highest
weight during pregnancy was missing for 307 participants,
and we used their measured weight in the third trimester as a
substitute. We carried out sensitivity analysis and a simulation
study to investigate the implications of these procedures. The
results indicated that the proportions of participants who
exceeded recommendations for both total and rate of weight
gain increased in all 4 prepregnancy BMI categories, which
suggests that our results appear to be conservative estimates of
the true proportions of participants with excessive gestational
weight gain.

Compared with women of childbearing age in a represen-
tative nationwide survey of Canadians,’” a greater proportion
of our participants had higher levels of education and house-
hold income. Because APrON is a prospective cohort study, it
was not designed to be representative of all Canadian women
of childbearing age. Higher education has been shown to be
associated with better adherence to guidelines for gestational
weight gain.*® Thus, it is likely that adherence to these guide-

lines in the general Canadian population of childbearing
women is poorer than what we report here.

Conclusion

Our findings in this group of highly educated woman and
adolescent girls suggest that weight management in preg-
nancy is challenging and complex and that the scope of the
issue is likely to be much larger than reported here. Nonethe-
less, our observations reinforce Health Canada’s recommen-
dations’ that gestational weight gain be discussed with all
pregnant patients, irrespective of prepregnancy BMI category,
and that messages may need to be tailored for those in differ-
ent prepregnancy BMI categories. Our observations also sug-
gest that these conversations need to be held early in preg-
nancy, when it is more feasible to provide support that may
mitigate the risk of excessive or inadequate weight gain. Con-
sideration of the average weekly rate of weight gain may be
particularly important for health care providers. The rate of
gestational weight gain reflects the likely trajectory of total
weight gain during the pregnancy and may provide a tool to
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identify and provide additional support for women at risk of
not meeting weight gain guidelines. More research is needed
to explore how to address the issue of gestational weight gain,
particularly in the context of the Canadian health care system.
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