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ABSTRACT

Objective: To examine the adherence of gestational weight gain (GWG) recommendations and pregnancy outcomes
among overweight and obese pregnant women.

Materials and Methods: The medical records of 405 overweight or obese pregnant women who delivered at Siriraj
Hospital between September 2018 and June 2019 were reviewed. The adherence to GWG recommendations according
to pre-pregnancy body mass index (BMI) was examined. The characteristics and pregnancy outcomes of the overweight
and obese pregnancies as well as between the adherence and non-adherence to the GWG recommendations groups
were studied and compared between the groups.

Results: Adherence to the GWG recommendations between the overweight and obese pregnancy groups were
significantly different at 60.2% and 44% respectively (p-value = 0.002), although the average GWG was significantly
lower in the obese than overweight pregnancies (p-value = 0.003). Pre-pregnancy BMI was significantly higher in
the non-adherence group compared with the adherence group (p-value = 0.025). Pregnancy outcomes as well as
the prevalence of gestational diabetes mellitus between these two groups were comparable. Also, adverse pregnancy
outcomes were not statistically significantly different among the adherence and non-adherence groups.
Conclusion: The adherence to gestational weight gain recommendations in obese and overweight pregnancies is still
a challenge. Obese pregnant women are less likely to control weight gain during pregnancy. Pre-pregnancy BMI is
an important factor for overweight and obese pregnant women to achieve the GWG goal. Ensuring a proper GWG
alone might not improve most adverse pregnancy outcomes in overweight and obese pregnancies.
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INTRODUCTION

Obesity is a medical condition with public health
concern. In pregnancy, the pre-pregnancy body mass index
(BMI) can significantly affect the pregnancy outcome.
Nowadays, many women are getting pregnancy with
an high BMI; which leading to the higher the risk of
maternal and fetal complications.'* Gestational weight gain
(GWG) is a modifiable risk factor for adverse pregnancy

outcomes. GWG outside the recommended level has
been found to be related with a higher risk of many
adverse pregnancy outcomes.’ * Pregnant women in all
BMI categories are more likely to gain excessive weight
during pregnancy. However, a higher pre-pregnancy
BMI and higher GWG are associated with a higher risk
of pregnancy complications.” "’
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In overweight or obese women, the GWG is
particularly problematic due to the narrow range of
optimal weight gain, and as the chances of a difficult
delivery is dramatically increased with excessive GWG,
along with other adverse pregnancy outcomes, such as
postpartum hemorrhage, cesarean section, and genital
tract injury. Risk of pregnancy- induced hypertension,
and gestational diabetes mellitus also increased among
obese pregnancy due to changes of many peptides.
Such pregnancies with excessive GWG are also more
common to have postpartum weight retention, which isan
important risk factor for metabolic disease development
in the future. In addition, infants born to overweight
or obese mothers with excessive GWG have a higher
risk of large for gestational age (LGA), macrosomia,
birth hypoxia, and birth injury, and a higher probability
of childhood obesity and impaired glucose tolerance.
Unfortunately, many pregnant women, especially those
in the overweight/obese categories, lack knowledge about
personal BMI, GWG targets, and appropriate weight
management during pregnancy.

Pre-conception weight loss is ideal to prevent adverse
pregnancy outcomes; however, this is unlikely to be
practiced. Counseling for diet, exercise, lifestyle behavioral
changes, and motivation to maintain appropriate GWG
throughout pregnancy is crucial.'” Proper weight gain
through different dietary interventions during pregnancy is
one of the keystones to optimizing maternal and neonatal
outcomes, especially in overweight/obese pregnancy."”

Our previous study showed the relation between
gestational weight gain, using institutional criteria (Siriraj
GWG recommendation), and pregnancy outcomes.” In
comparing the adherence to GWG for all pre-pregnancy
BMI categories between the Siriraj and the 2009 Institute
of Medicine (IOM) guidelines’’, the pregnancy outcomes
yielded similar results; however, 60% of Thai pregnant
women were able to adhere to the Siriraj guideline,
compared to only 40.5% who adhered to the 2009 IOM
guideline.”

This study was confined to overweight and obese
pre-pregnancy BMI categories only. Siriraj optimal GWG
recommendations were made and monitored throughout
the pregnancy period. The primary objective of this study
was to examine the adherence to GWG recommendations
among these two groups of obese and overweight pregnant
women. The association between pre-gestational BMI
(overweight and obese) and the effect of adherence to
GWG recommendations (based on the Siriraj guideline)
on the rates of adverse pregnancy outcomes were also
evaluated.

14,15
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MATERIALS AND METHODS

This study was a retrospective study that involved
a review of the medical records of 405 overweight or
obese pregnancies delivered at Siriraj Hospital between
September 2018 and June 2019. Ethical approval for this
study was obtained from the Siriraj Institutional Review
Board (SIRB), Faculty of Medicine Siriraj Hospital,
Mahidol University (Si 717/2020).

In Siriraj Hospital, the height of each pregnant woman
is measured. The self-reported pre-pregnancy weight is
recorded at the first antenatal visit. Pre-gestational BMI
is calculated as weight (kg)/height* (m?). In this study,
overweight (25.0-29.9 kg/m?) and obese (30.0 kg/m* or
higher) pregnant women were the target participants.

Gestational weight gain (GWG) was obtained from
the difference between a woman’s weight at delivery and
her pre-gestational weight. The inclusion criteria for
this study were singleton pregnant women with a first
antenatal visit before 20 weeks’ gestation, and a maternal
pre-pregnancy BMI of 25 kg*/m or more with available
pre-pregnancy weight data. The exclusion criteria included
multiple pregnancies and fetal anomalies. Pregnant
women were categorized into two groups based on their
GWG relative to Siriraj recommendations (adherence
and non-adherence). The Siriraj GWG recommendations
for overweight and obese pregnant women are 6-14 kg
and 4-8 kg, respectively. All the pregnant women were
offered dietary counseling and advice on physical activity
during antenatal care.”

We examined the following maternal and neonatal
outcomes: gestational age at delivery, route of delivery,
gestational diabetes mellitus (GDM), preeclampsia,
postpartum hemorrhage (> 500 ml for vaginal delivery
and 21,000 ml for cesarean delivery), birthweight <2,500
g (low birth weight) and > 4,000 g (macrosomia), Apgar
scores <7 at 1 minute and 5 minutes, neonatal intensive
care unit (NICU) admission, neonatal hypoglycemia,
brachial plexus injury, fracture clavicle, and neonatal
death.

Statistical analysis

Descriptive statistics were used for analyzing the data,
including the mean, standard deviation (SD), median,
interquartile range (IQR), number, and percentages as
appropriate. The chi-square test was used to compare
characteristics between two groups. Logistic regression
analysis was used to determine the independent associated
factors for gestational diabetes outcome, adjusted for
potential confounders. A p-value of less than 0.05 was
considered statistically significant.
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RESULTS

In the study period, a total of 405 women fitted the
inclusion criteria and were enrolled in the study. Two-
thirds (65.2%) of them were overweight (pre-pregnancy
BMI = 25-29.9 kg/m?), while the others were obese
pregnancies (pre-pregnancy BMI > 30.0 kg/m?). The
maternal characteristic of these two groups are shown in
Table 1. Both groups were comparable in terms of age,
parity, and gestational age at first antenatal care (ANC)
visit. The overweight group significantly adhered to the
GWG recommendations more than the obese group,
60.2% vs. 44.0% respectively; although the mean GWG in
the overweight pregnancy was significantly higher than
in the obese pregnancy. Table 2 shows a comparison of
the maternal characteristic according to the adherence to
the GWG recommendations. Only BMI was significantly
lower among the adherence group compared to the non-
adherence group. The pregnancy outcomes were also
compared among the groups, and the details are listed
in Tables 3 & 4. None of the pregnancy outcomes were
statistically significantly different between the adherence
and non-adherence groups as well as the overweight and
obese pregnancies. For the most common pregnancy
complication, namely GDM, this condition was still
seen in about one-third of the women, even those who
adhered to the GWG protocol (53/159 and 21/62 in the
overweight and obese groups, respectively). (Table 4)

DISCUSSION

This study showed that the overall adherence to
GWG recommendations in the overweight and obese
pregnancies was only a half (54.6%). Adverse pregnancy
complications and pregnancy outcomes were not found
to be statistically significantly different between the
adherence and non-adherence groups. Pre-pregnancy
BMI is a highly important factor for overweight and
obese pregnancy to achieve the GWG goal.

Adherence to the Siriraj GWG recommendations
was higher, with statistical significance, in the overweight
group (60.2%) compared to in the obese group (44.0%).
This might be explained by the wider range of GWG
(6-14 kg) in the overweight pregnancy, compared with
the narrower range (4-8 kg) in the obese pregnancy.”
Most Asian studies to date have used the IOM 2009
GWG recommendation as a reference data with Asian
populations due to the lack of well-established GWG
recommendations and as no consensus has yet been
reached for Asian populations. Siriraj Hospital proposed
our own GWG recommendations in 2014 for all pre-
pregnancy BMI categories according to the appropriate
fetal birth weight.”’

Similar to previous studies, this study showed that the
rates of pregnancy complications in the overweight and obese
pregnancies were higher than those in overall pregnancy
especially for GDM (31.4% and 27.7%, respectively).*>*’

TABLE 1. Comparison of the maternal and clinical characteristics between overweight and obese pre-pregnancy

BMI categories (n = 405).

Characteristics

Maternal age (years)
median (IQR)
Parity
Nullipara
Multipara
GA at 1st ANC (weeks)
median (IQR)
GWG during pregnancy (kilograms)
mean (SD)

Adherence

BMI 25-29.9 BMI 2 30 P-value
N = n (%) N = n (%)
264 (65.2) 141 (34.8)
32 (28, 36) 32 (27, 36) 0.398
0.969
81(30.7) 43 (30.5)
183 (69.3) 98 (69.5)
0.374
9(7,13) 9(7,12)
0.003
11.3(5.1) 9.7 (5.3)
159 (60.2) 62 (44.0) 0.002

Abbreviations: ANC; antenatal care, BMI; body mass index, GA; gestational age, GWG; gestational weight gain.
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TABLE 2. Comparison of the maternal and clinical characteristics between adherence and non-adherence to the

Siriraj gestational weight gain recommendation groups (n = 405).

Characteristics

Maternal age (years), median (IQR)

Parity
Nullipara
Multipara

Body mass index (kg/m?), median (IQR)

25-29.9
= 30

GA at 1st ANC (weeks), median (IQR)

Abbreviations: ANC; antenatal care, GA; gestational age, kg/m? kilogram per square meter.

Adherence

N = n (%)
221 (54.6)

32 (27, 36)

66 (29.9)
155 (70.1)

27.8(26.2, 30.9)

159 (71.9)
62 (28.1)

9(7,13)

Non-adherence
N =n (%)
184 (45.40)

32 (27, 36)

58 (31.5)
126 (68.5)

29.2 (26.6, 31.6)
105 (57.1)
79 (42.9)

9(7,12.2)

P-value

0.956
0.719

0.025
0.002

0.714

TABLE 3. Comparison of the pregnancy outcomes between overweight and obese pre-pregnancy BMI categories

(n = 405).

Outcomes

Gestational age at delivery (weeks)
24-33
34-36
237

Route of delivery
Normal labor
Operative vaginal delivery
Cesarean delivery

Pregnancy complications
Gestational diabetes
Preeclampsia
Post-partum hemorrhage

Birth weight (grams), median (IQR)
<2,500
2,500-3,999
> 4,000

Apgar score at 1st minute <7

Apgar score at 5th minute <7

Neonatal hypoglycemia

NICU admission

Brachial plexus injury

BMI 25-29.9
N = n (%)
264 (65.2)
38 (38, 39)

5(1.9)
25 (9.5)
234 (88.6)

112 (42.4)
10 (3.8)
142 (53.8)

83 (31.4)
24 (9.1)
17 (6.4)

3160 (2900, 3455)
23 (8.7)
228 (86.4)
13 (4.9)

22 (8.3)

3(1.1)

16 (6.1)

5(1.9)
0

Abbreviations: DFIU; dead fetus in utero, NICU; neonatal intensive care unit.

BMI 2 30
N = n (%)
141 (34.8)
38 (37, 39)
6 (4.3)
18 (12.8)
117 (83.0)

64 (45.4)
0 (0)
77 (54.6)

39 (27.7)

18 (12.8)
13(9.2)
3150 (2870, 3430)
16 (11.3)

117 (83)

8 (5.7)

20 (14.2)

4)

P-value

0.241
0.205

0.063

0.499
0.325
0.413

0.48
0.642

0.095

0.146
0.725
0.121
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TABLE 4. Comparison of the pregnancy outcomes between adherence and non-adherence to the Siriraj gestational

weight gain recommendation groups (n = 405).

Adherence Non-adherence P-value
Outcomes N = n (%) N =n (%)
221 (54.6) 184 (45.40)
Gestational age at delivery (weeks) 0.532
median (IQR) 38 (38, 39) 38 (37, 39)
24-33 6 (2.7) 5(2.7) 0.893
34-36 22 (10.0) 21 (11.4)
=37 193 (87.3) 158 (85.9)
Route of delivery 0.608
Normal labor 95 (43.0) 81 (44.0)
Operative vaginal delivery 4 (1.8) 6 (3.3)
Cesarean delivery 122 (55.2) 97 (52.7)
Pregnancy complications
Gestational diabetes 74 (33.5) 48 (26.1) 0.132
Preeclampsia 23 (10.4) 19 (10.3) 1
Post-partum hemorrhage 17 (7.7) 13 (7.1) 0.961
Birth weight (grams), median (IQR) 3130 (2850, 3360) 3215 (2900, 3492) 0.083
<2,500 23 (10.4) 16 (8.7) 0.699
2,500-3999 188 (85.1) 157 (85.3)
= 4,000 10 (4.5) 11 (6.0)
Apgar score at 1st minute <7 20 (9.0) 22 (12.0) 0.429
Apgar score at 5th minute <7 1(0.5) 4(2.2) 0.181
Neonatal hypoglycemia 3(1.4) 6 (3.3) 1
NICU admission 17 (7.7) 14 (7.6) 0.311
Brachial plexus injury 0 2(1.1) 0.206

Abbreviations: DFIU; dead fetus in utero, NICU; neonatal intensive care unit.

These can be explained by the existence of a pre-existing
degree of glucose intolerance and insulin insensitivity in
the overweight and obese pregnant women from them
having a high BMI, placing them at increased risk of
developing GDM. A systematic review and meta-analysis
revealed that physical activity and diet interventions
designed for controlling GWG are still beneficial and
effective for reducing the incidence of GDM.** However,
the prevalence of GDM in this study was not statistically
significantly different among the adherence and non-
adherence to the GWG recommendations groups. The
stronger association of weight gain in the first trimester

with the development of GDM might affect this finding”,
although our data for first trimester weight gain was
limited.

Systematic reviews have shown that excessive GWG
is associated with multiple adverse maternal and fetal
outcomes. There is the evidence that lifestyle interventions
during pregnancy could be decrease excessive weight gain,
however benefit for most adverse pregnancy outcomes
have not been shown.”*”” Similar to this study, the
immediate fetal and maternal outcomes (e.g., preterm
birth, macrosomia, low Apgar score) and pregnancy
complications (e.g., preeclampsia, gestational diabetes,
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postpartum hemorrhage) between the overweight and
obese groups as well as between the adherence and
non-adherence groups were not statistically significantly
different. On the contrary, meta-analysis and a review
of the systematic reviews revealed that the risks of
macrosomia, pregnancy-induced hypertension, and
neonatal respiratory distress syndrome in pregnancies
with overweight or obese could be effectively reduced by
multi-component diet and physical activity interventions.
In addition, diet-only interventions could reduce the
risks of pregnancy-induced hypertension and GDM in
this people.” The different results of these studies might
be explained by the evidence that pre-pregnancy BMI
is more strongly associated with adverse pregnancy
outcomes than the amount of gestational weight gain
alone.” Therefore, in overweight and obese pregnancies,
more research on innovative interventions, including
pre-conception counseling, should be considered to
achieve proper pregnancy outcomes.

There are some limitations in this study. First,
this is a retrospective observational study with some
confounding factors that might have affected the pregnancy
outcomes. Second, information on the long-term maternal
and neonatal outcomes was limited. Last, the ability to
identify statistical significance in the analysis of pregnancy
outcomes related to gestational weight gain adherence
and pre-pregnancy BMI might be limited by the relatively
small sample size.

CONCLUSION

Obese pregnancies were less likely to control weight
gain during pregnancy, although pregnancy complications
were not significantly different to those in overweight
pregnancies. More innovative interventions are still
needed to overcome this public challenge.

ACKNOWLEDGMENTS

This study was supported by Siriraj Research
Development Fund (Managed by Routine to Research:
R2R), Faculty of Medicine Siriraj Hospital, Mahidol
University.

Conflicts of interest: The authors report they have no
conflicts of interest to declare.

REFERENCES

1. Leonard SA, Carmichael SL, Main EK, Lyell D], Abrams B.
Risk of severe maternal morbidity in relation to prepregnancy
body mass index: Roles of maternal co-morbidities and caesarean
birth. Paediatr Perinat Epidemiol. 2020;34(4):460-8.

2. Lisonkova S, Muraca GM, Potts ], Liauw J, Chan WS, Skoll A,
et al. Association Between Prepregnancy Body Mass Index

10.

11.

12.

13.

14.

15.

16.

17.

18.

and Severe Maternal Morbidity. JAMA. 2017;318(18):1777-86.
LiuP,XuL, WangY, Zhang Y, DuY, Sun Y, etal. Association
between perinatal outcomes and maternal pre-pregnancy body
mass index. Obes Rev. 2016;17(11):1091-102.

Asanathong N, Jiamjira-anon N, Eiamcharoenwit (Thonsontia) J,
Mantaga S, Thanakiattiwibun C, Siriussawakul A, et al. Incidence
of Adverse Perioperative Airway Complications in Obese Non-
Pregnant and Pregnant Patients Undergoing General Anesthesia.
Siriraj Med J. 2022;74(3): 178-84.

Jin C, Lin L, Han N, Zhao Z, Liu Z, Luo S, et al. Excessive
gestational weight gain and the risk of gestational diabetes:
Comparison of Intergrowth-21st standards, [IOM recommendations
and alocal reference. Diabetes Res Clin Pract. 2019;158:107912.
Champion ML, Harper LM. Gestational Weight Gain: Update
on Outcomes and Interventions. Curr Diab Rep. 2020;20(3):11.
Goldstein RF, Abell SK, Ranasinha S, Misso M, Boyle JA, Black
MH, et al. Association of Gestational Weight Gain With
Maternal and Infant Outcomes: A Systematic Review and
Meta-analysis. JAMA. 2017;317(21):2207-25.

Rogozinska E, Zamora J, Marlin N, Betran AP, Astrup A,
Bogaerts A, et al. Gestational weight gain outside the Institute
of Medicine recommendations and adverse pregnancy outcomes:
analysis using individual participant data from randomised
trials. BMC Pregnancy Childbirth. 2019;19(1):322.

Santos S, Voerman E, Amiano P, Barros H, Beilin L], Bergstrom
A, et al. Impact of maternal body mass index and gestational
weight gain on pregnancy complications: an individual participant
data meta-analysis of European, North American and Australian
cohorts. BJOG. 2019;126(8):984-95.

Zhao R, Xu L, Wu ML, Huang SH, Cao X]J. Maternal pre-
pregnancy body mass index, gestational weight gain influence
birth weight. Women Birth. 2018;31(1):e20-€5.

Zhang D, Zhang L, Wang Z. The relationship between maternal
weight gain in pregnancy and newborn weight. Women Birth.
2019;32(3):270-5.

SunY, Shen Z, Zhan Y, Wang Y, Ma S, Zhang S, et al. Effects
of pre-pregnancy body mass index and gestational weight gain
on maternal and infant complications. BMC Pregnancy Childbirth.
2020;20(1):390.

Gesche J, Nilas L. Pregnancy outcome according to pre-pregnancy
body mass index and gestational weight gain. Int ] Gynaecol
Obstet. 2015;129(3):240-3.

Sitticharoon C, Klinjampa R, Souvannavong-Vilivong X,
Chatree S, Boonpuan P, Sripong C, et al. Serum Neuropeptide
Y and Leptin Levels compared between Non-pregnant and
Pregnant Women in Overall, Non-obese, and Obese Subjects.
Siriraj Med ] 2018;70: 204-212

Sitticharoon C, Souvannavong-Vilivong X, Klinjampa R,
Churintaraphan M, Nway NC, Keadkraichaiwat I, et al.
Serum Adiponectin, Visfatin, and Omentin Compared between
Non-pregnant and Pregnant Women in Overall, Non-obese,
and Obese subjects. Siriraj Med J 2018;70:219-26
Ruangvutilert P, Sampaojarean U, Boriboonhirunsarn D.
Knowledge of Pregnant Women on Gestational Weight Gain
and Associated Factors. Thai ] Obstet Gynaecol. 2021;29(4):208- 16.
Shub A, Huning EY, Campbell KJ, McCarthy EA. Pregnant
women’s knowledge of weight, weight gain, complications of
obesity and weight management strategies in pregnancy. BMC
Res Notes. 2013;6:278.

Sawangkum P, Louis JM. Gestational Weight Gain: Achieving

https://he02.tci-thaijo.org/index.php/sirirajmedj/index

Volume 74, No.6: 2022 Siriraj Medical Journal 369



Sunsaneevitayakul et al.

19.

20.

21.

22.

23.

a Healthier Weight Between Pregnancies. Obstet Gynecol Clin
North Am. 2020;47(3):397-407.

Lamminpaa R, Vehvilainen-Julkunen K, Schwab U. A systematic
review of dietary interventions for gestational weight gain and
gestational diabetes in overweight and obese pregnant women.
Eur J Nutr. 2018;57(5):1721-36.

Sunsaneevithayakul P, Titapant V, Ruangvutilert P, Sutantawibul
A, Phatihattakorn C, Wataganara T, et al. Relation between
gestational weight gain and pregnancy outcomes. J Obstet
Gynaecol Res. 2014;40(4):995-1001.

Rasmussen KM, Yaktine AL, editors. Weight Gain During
Pregnancy: Reexamining the Guidelines. The National Academies
Collection: Reports funded by National Institutes of Health.
Washington (DC), 2009.

Yang Z, Phung H, Freebairn L, Sexton R, Raulli A, Kelly P.
Contribution of maternal overweight and obesity to the
occurrence of adverse pregnancy outcomes. Aust N Z ] Obstet
Gynaecol. 2019;59(3):367-74.

Fallatah AM, Babatin HM, Nassibi KM, Banweer MK, Fayoumi
MN, Oraif AM. Maternal and Neonatal Outcomes among
Obese Pregnant Women in King Abdulaziz University Hospital:
A Retrospective Single-Center Medical Record Review. Med
Arch. 2019;73(6):425-432. doi:10.5455/medarh.2019.73.425-432.

25.

26.

27.

28.

29.

Bennett CJ, Walker RE, Blumfield ML, Gwini SM, Ma J, Wang
F, etal. Interventions designed to reduce excessive gestational
weight gain can reduce the incidence of gestational diabetes
mellitus: A systematic review and meta-analysis of randomised
controlled trials. Diabetes Res Clin Pract. 2018;141:69-79.
Hedderson MM, Gunderson EP, Ferrara A. Gestational
weight gain and risk of gestational diabetes mellitus. Obstet
Gynecol. 2010;115(3):597-604.

Champion ML, Harper LM. Gestational Weight Gain: Update
on Outcomes and Interventions. Curr Diab Rep. 2020;20(3):11.
Muktabhant B, Lawrie T, Lumbiganon P, Laopaiboon M.
Diet or exercise, or both, for preventing excessive weight gain
in pregnancy. Cochrane Database Syst Rev. 2015;6: CD007145.
Farpour-Lambert N7, Ells L], Martinez de Tejada B, Scott C.
Obesity and Weight Gain in Pregnancy and Postpartum: an
Evidence Review of Lifestyle Interventions to Inform Maternal
and Child Health Policies. Front Endocrinol (Lausanne). 2018;9:546.
LifeCycle Project-Maternal Obesity and Childhood Outcomes
Study Group, Voerman E, Santos S, Inskip H, Amiano P,
Barros H, et al. Association of Gestational Weight Gain With
Adverse Maternal and Infant Outcomes. JAMA. 2019;321(17):
1702-15.

370 Volume 74, No.6: 2022 Siriraj Medical Journal

https://he02.tci-thaijo.org/index.php/sirirajmedj/index





