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Background: The incidence of twin pregnancies has risen recently. Such pregnancies
are associated with an increased risk for poor maternal and infant outcomes. Gestational
weight gain, particularly in singleton pregnancies, has been well-linked with maternal
and infant outcomes. The aim of the current meta-analysis was to evaluate the effects of
gestational weight gain on maternal and fetal outcomes in women with twin pregnancies.

Methods: A systematic search was conducted using the PubMed, Scopus, and Google
Scholar databases. Studies, either retrospective or prospective in design, evaluating the
effects of gestational weight gain (defined using Institute of Medicine (IOM) guidelines)
maternal and/or fetal/neonatal outcomes in women with twin pregnancies were included.
Statistical analysis was performed using STATA software.

Results: Eleven studies were included in the meta-analysis. Mothers with inadequate
weight gain had increased risk for gestational diabetes mellitus (OR 1.19; 95% CI: 1.01,
1.40) and decreased risk for gestational hypertension (OR 0.58; 95% CI: 0.49, 0.68)
and cesarean section (OR 0.94; 95% CI: 0.93, 0.96). Neonates born to mothers with
inadequate weight gain were susceptible to increased risk for preterm delivery (OR 1.17;
95% Cl: 1.03, 1.34), very preterm delivery (gestational age <32 weeks) (OR 1.84; 95%
Cl: 1.36, 2.48), small for gestational age status (OR 1.41; 95% CI: 1.15, 1.72), low birth
weight status (<2,500g) (OR 1.27; 95% CI: 1.17, 1.38), and neonatal intensive care
unit (NICU) admission (OR 1.16; 95% CI: 1.08, 1.24). The pooled findings indicate an
increased risk for gestational hypertension (OR 1.82; 95% CI: 1.60, 2.06) and cesarean
section (OR 1.07; 95% CI: 1.05, 1.08) among mothers with excessive weight gain.
Neonates born to mothers with excessive weight gain were susceptible to increased
risk for preterm delivery and very preterm delivery, but were associated with a decreased
risk for low birth weight status and small for gestational age status.

Conclusions: Gestational weight gain in twin pregnancy, either lower or higher than IOM
recommended guidelines, is associated with poor maternal and neonatal outcomes. Our
findings call for incorporating counseling on optimal weight gain during pregnancy as part
of routine antenatal visits.
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Maternal and Neonatal Outcome

FIGURE 1 | Study inclusion selection process.

RESULTS

Selection of Articles, Study
Characteristics, and Quality of Included
Studies

Literature search revealed 128 unique studies for consideration
(Figure 1). Additional screening resulted in the exclusion of
92 studies. Out of the remaining 36 studies, another 16
were excluded after abstract review, while another nine were
removed after detailed review. A final total of 11 articles were
included in this meta-analysis (Supplementary Table 2). (19—
29). All included studies used Institute of Medicine (IOM)
guidelines to classify adequacy of gestational weight gain
according to the pre-pregnancy maternal body mass index
(BMI). All included studies performed retrospective analysis of
previously collected data. Newcastle-Ottawa Quality Assessment
Scale analysis indicated that all included studies were of good
quality (Supplementary Table 3).

Overall Pooled Analysis Results
Inadequate/Low Weight Gain Compared to Adequate
Weight Gain

Maternal Outcomes

Pooled analysis indicated that mothers with inadequate weight
gain had increased risk of gestational diabetes mellitus (OR 1.19;
95% CI: 1.01, 1.40; I> = 0.0%; N = 4), compared to those with
adequate weight gain (Figure 2). However, those with inadequate

weight gain had lower risk of gestational hypertension (OR
0.58; 95% CI: 0.49, 0.68; I> = 11.7%; N = 7) and cesarean
section (OR 0.94; 95% CI: 0.93, 0.96; I> = 0.0%; N = 4).
Risk of premature membrane rupture (OR 1.09; 95% CI: 0.91,
1.31; I> = 0.0%; N = 4) or postpartum hemorrhage (OR
0.96; 95% CI: 0.73, 1.26; I> = 0.0%; N = 2) did not differ
significantly between mothers with adequate and inadequate
weight gain (Figure 2). There was no evidence of publication bias
using Egger’s test and a funnel plot (Supplementary Figure 1,
P=0.71).

Neonatal Outcomes

Children born to mothers with inadequate weight gain presented
an increased risk of preterm delivery (OR 1.17;95% CI: 1.03, 1.34;
I? = 72.7%; N = 6), very preterm delivery (gestational age <32
weeks) (OR 1.84; 95% CI: 1.36, 2.48; I = 62.1%; N = 6), small
for gestational age status (OR 1.41;95% CI: 1.15, 1.72; 12 = 84.4%;
N = 8), low birth weight (birth weight <2,500 g) (OR 1.27; 95%
Cl: 1.17, 1.38; I* = 63.7%; N = 5), and NICU admission (OR 1.16;
95% CI: 1.08, 1.24; I> = 0.0%; N = 4) compared to those born
to mothers with adequate weight gain (Figure 3). There was no
evidence of publication bias using Egger’s test and a funnel plot
(Supplementary Figure 2, P = 0.43). Neonates born to mothers
with inadequate weight gain had lower gestational ages (in weeks)
(WMD —0.76; 95% CI: —1.20, —0.33; I> = 93.0%; N = 5) and
mean birth weights (in grams) (WMD —154.7; 95% CI: —217.1,
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Author

Gestational diabetes mellitus
Wang L (2018)
Algeri P (2018)

Lal AK (2015)
Pecheux O (2019)
Subtotal (I-squared = 0.0%, p = 0.494)

Gestational hypertension or pre-eclampsia

Wang L (2018) —_——
Algeri P (2018) ——
Shamshirsaz AA (2014) —_——

Lin D (2019) —
Lal AK (2015) ——
Gavard JA (2014) ———
Pecheux O (2019) —

Subtotal (I-squared = 11.7%, p = 0.340>

Premature rupture of membranes

Wang L (2018) ————
Shamshirsaz AA (2014) ——
Lin D (2019) ———

Pecheux O (2019)
Subtotal (I-squared = 0.0%, p = 0.835)

—
Postpartum hemorrhage
Lutsiv O (2017)

Pecheux O (2019)

——
——
Subtotal (I-squared = 0.0%, p = 0.373)
Cesaerean delivery
-
*
-
|

Lutsiv O (2017)

Gavard JA (2014)

Bodnar LM (2019)

Pecheux O (2019)

Subtotal (I-squared = 0.0%, p = 0.556)

Events, Events, %

RR (95% Cl) Treatment Control Weight
1.33 (0.95, 1.84) 52/145 46/170 2443
1.72 (0.74, 3.99) 15/91 773 373
0.94 (0.62, 1.42) 41/1040  46/1097 15.56
1.19 (0.96, 1.48) 151/468  94/346 56.29
1.19 (1.01, 1.40) 259/1744 193/1686 100.00
0.48 (0.27,0.83) 15/145 371170 9.02
0.43 (0.18, 1.03) 7/91 13/73 374
0.52 (0.30, 0.90) 16/179 44/257 9.64
0.72 (0.38, 1.40) 10/97 38/267 6.50
0.61(0.48,0.78) 93/1040  160/1097 48.25
0.88 (0.52, 1.50) 21/256 30/323 9.87
0.39 (0.25, 0.63) 25/468 47/346 12.98
0.58 (0.49, 0.68) 187/2276 369/2533 100.00
1.21 (0.76, 1.94) 29/145 28/170 14.61
1.04 (0.78, 1.39) 55/179 761257 38.37
0.89 (0.49, 1.64) 12/97 37/267 8.71
1.15(0.86, 1.54) 95/468 61/346 38.31
1.09 (0.91, 1.31) 191/889  202/1040 100.00
1.06 (0.75, 1.50) 42/201 63/320 60.90
0.82 (0.53, 1.27) 39/468 35/346 39.10
0.96 (0.73, 1.26) 81/669 98/666 100.00
0.85(0.71, 1.02) 91/201 170/320 0.88
0.91(0.81, 1.03) 162/256  224/323 213

0.95 (0.93, 0.96) 5298/8233 24502/35992 96.28
1.02 (0.83, 1.25) 149/468  108/346 0.71
0.94 (0.93, 0.96) 5700/9158 25004/36981 100.00

I
182 1

FIGURE 2 | Pooled analysis of inadequate or adequate pregnancy weight gain effects on maternal health outcomes.

|
55

—92.2; I* = 92.1%; N = 4) compared to those born to mothers
with adequate weight gain (Figures 4, 5).

Excessive Weight Gain Compared to Adequate
Weight Gain

Maternal Outcomes

The findings indicated an increased risk of gestational
hypertension (OR 1.82; 95% CIL 1.60, 2.06; I> = 31.3%;
N = 8) and cesarean section (OR 1.07; 95% CI: 1.05, 1.08; I> =
19.7%; N = 5) among pregnant mothers with excessive weight
gain compared to those with adequate gain (Figure 6). Risk of
gestational diabetes mellitus (OR 0.97; 95% CI: 0.77, 1.24; I?
= 8.8%; N = 5), premature membrane rupture (OR 0.93; 95%
CL: 0.74, 1.17; I* = 0.0%; N = 4), and postpartum hemorrhage
(OR 1.10; 95% CI: 0.81, 1.49; I> = 27.6%; N = 2) did not differ
significantly between mothers with adequate and excessive

weight gain (Figure 6). There was no evidence of publication
bias (Supplementary Figure 3, P = 0.29).

Neonatal Outcomes

Neonates born to mothers with excessive weight gain were at
increased risk of preterm delivery (OR 1.08; 95% CI: 1.02, 1.14; I?
= 51.3%; N = 7) and very preterm delivery (gestational age <32
weeks) (OR 1.21;95% CI: 1.14, 1.28; I* = 0.8%; N = 7) (Figure 7).
However, in such neonates, the risk of low birth weights (OR 0.87;
95% CI: 0.82, 0.92; I* = 0.0%; N = 6) and small for gestational
age status (OR 0.83; 95% CI: 0.78, 0.88; I? = 37.6%; N =09)
was lower compared to children born to mothers with adequate
weight gain (Figure 7). There was no evidence of publication bias
(Supplementary Figure 4, P = 0.34). Neonates born to mothers
with excessive weight gain had similar gestational ages (in weeks)
(WMD 0.00; 95% CI: —0.17, 0.16; I> = 48.7%; N = 6) compared
to those born to mothers with adequate weight gain. While the
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Events, Events, %
Author RR (95% CI) Treatment Control Weight
Preterm delivery (<37 wks) |
Wang L (2018) L 4 0.97 (0.81, 1.15) 89/145 108/170 17.70
Algeri P (2018) | —o— 1.69 (1.23, 2.32) 61/91 29/73 10.36
Shamshirsaz AA (2014) * 1.07 (0.98, 1.17) 150/179 201/257 22.50
Lutsiv O (2017) L d 1.17 (0.97, 1.40) 104/201 142/320 17.15
Lin D (2019) * 1.09 (0.96, 1.25) 75/97 189/267 20.13
Pecheux O (2019) - 1.55(1.18, 2.04) 126/468 60/346 12.16
Subtotal (l-squared =72.7%, p = 0.003)> 1.17 (1.03, 1.34) 605/1181 729/1433 100.00
Very preterm delivery (<32 wks)
Wang L (2018) ——> 586 (1.73, 19.85)15/145 3/170 5.19
Algeri P (2018) — 3.69 (1.48, 9.23) 23/91 5/73 8.28
Shamshirsaz AA (2014) - 1.82 (1.34, 2.46) 67/179 53/257 26.39
Lin D (2019) —_—— 1.15(0.41, 3.17) 5/97 12/267 7.03
Bodnar LM (2019) * 1.42 (1.34, 1.50) 1318/8233 4062/35992 35.85
Pecheux O (2019) —_ 1.97 (1.17, 3.33) 48/468 18/346 17.26
Subtotal (l-squared = 62.1%, p = 0.022] <> 1.84 (1.36, 2.48) 1476/9213 4153/37105 100.00
Small for gestational age
Wang L (2018) -+ 1.40 (0.82, 2.39) 25/145 21170 8.27
Algeri P (2018) — 1.15(0.62, 2.11) 20/91 14/73 7.08
Shamshirsaz AA (2014) — 2.30 (1.36, 3.88) 32/179 20/257 8.46
Lutsiv O (2017) - 1.43 (1.16, 1.76) 121/402 135/640 16.07
Lin D (2019) T 1.52 (0.84,2.73) 16/194 29/534 7.41
Lal AK (2015) - 1.26 (1.01, 1.57) 149/1040 125/1097 15.78
Bodnar LM (2019) * 1.68 (1.60, 1.78) 1552/8233 4030/35992 19.19
Pecheux O (2019) * 1.05 (0.91, 1.21) 235/468 165/346 17.75
Subtotal (l-squared = 84.4%, p = 0.000| 1.41 (1.15, 1.72) 2150/10752 4539/39109 100.00
Low birth weight (<2500 g)
Lutsiv O (2017) * 1.33 (1.16, 1.53) 204/402 244/640 17.66
Lin D (2019) * 1.14 (1.03, 1.26) 149/194 360/534 23.09
Lal AK (2015) |0 1.34 (1.23, 1.46) 595/1040 469/1097 2468
Gavard JA (2014) L 4 1.49 (1.21, 1.84) 144/512 122/646 10.82
Pecheux O (2019) * 1.21 (1.10, 1.32) 362/468 222/346 23.74
Subtotal (l-squared =63.7%, p = 00261 0 1.27 (1.17, 1.38) 1454/2616 1417/3263 100.00
Admission to NICU
Lutsiv O (2017) * 1.18 (1.01, 1.37) 170/402 230/640 20.29
Lin D (2019) L d 1.18 (0.97, 1.42) 88/194 206/534 13.64
Lal AK (2015) * 1.13(1.03, 1.24) 508/1040 474/1097 56.87
Pecheux O (2019) 1.30 (1.04, 1.64) 148/468 84/346 9.20
Subtotal (I-squared =0.0%, p = 0.716) [0 1.16 (1.08, 1.24) 914/2104 994/2617 100.00
NOTE: Weights are from random effectq analysis
| | |
.0504 1 19.8
FIGURE 3 | Pooled analysis of inadequate or adequate pregnancy weight gain effects on neonatal health outcomes.

pooled mean birth weight (in grams) (WMD 42.3; 95% CI: —16.2,
100.8; I> = 90.3%; N = 5) was higher by roughly 42 grams, no
statistically significant difference was observed (Figures 8, 9).

Subgroup Analysis Based on Maternal
Pre-pregnancy BMI

Mothers With Normal Pre-pregnancy BMI

Maternal inadequate or low gestational weight gain, compared
to adequate weight gain, was associated with an increased risk of
small for gestational age status (OR 1.62; 95% CI: 1.30, 2.02; I? =
52.6%; N = 5), very preterm status (OR 2.38; 95% CI: 1.39, 4.09;
I = 76.8%; N = 4), low birth weight (OR 1.25; 95% CI: 1.15,
1.37; I> = 8.3%; N = 2), and NICU admission (OR 1.15; 95% CI:

1.02, 1.30; N = 1) (Supplementary Figure 5). However, the risk
of gestational hypertension (OR 0.57; 95% CI: 0.44, 0.73; I> =
0.0%; N = 4) and cesarean delivery (OR 0.93; 95% CI: 0.91, 0.96;
N = 1) was lower (Supplementary Figure 6).

Maternal excessive gestational weight gain, compared to
adequate weight gain, was associated with an increased risk
of gestational hypertension (OR 1.92; 95% CI: 1.56, 2.35;
I = 444%; N = 5), cesarean delivery (OR 1.07; 95%
CL: 1.04, 1.09; I*> = 37.6%; N = 2), and very preterm
delivery (OR 1.20; 95% CIL 1.10, 1.31; P = 00% N
= 5) (Supplementary Figure 7 and Supplementary Figure 8).
However, the risk of small for gestational age status was lower
(OR 0.80; 95% CI: 0.72, 0.88; I? = 0.0%; N =5). The risk
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Author

Gestational age (in weeks)

N, mean N, mean %

WMD (95% Cl) (SD); Treatment  (SD); Control Weight

Wang L (2018) —— -1.00 (-1.42,-0.58) 145,35.3 (2.25) 170,36.3 (1.33) 19.18
Shamshirsaz AA (2014) (—0— -1.40 (-2.10,-0.70) 179, 32.8 (3.9) 257,342 (3.3) 14.48
Lutsiv O (2017) . -0.20 (-0.27,-0.13) 201, 36.9 (.4) 320,37.1(.38) 23.24
Lal AK (2015) - -0.50 (-0.75, -0.25) 1040, 35 (3.1) 1097, 35.5 (2.9) 21.62
Gavard JA (2014) —— -1.00 (-1.27,-0.73) 512,37 (1.9) 646, 38 (2.7) 21.48
Subtotal (I-squared = 93.0%, p = 0.000) <> -0.76 (-1.20, -0.33) 2077 2490 100.00
NOTE: Weights are from random effects analysis
T T
-2.1 0 21

FIGURE 4 | Pooled analysis of inadequate or adequate pregnancy weight gain effects on gestational age.

Author

Smaller twin birth weight (g)

Shamshirsaz AA (2014) —_—
Lutsiv O (2017) .
Lal AK (2015) -
Gavard JA (2014) ->

Subtotal (l-squared =92.1%, p = 0.000) <>

NOTE: Weights are from random effects analysis

WMD (95% Cl) (SD); Treatment ~ (SD); Control Weight

-286.00 (-411.35, -160.65) 179, 1717 (680) 257, 2003 (622)  13.81

-178.00 (-191.43, -164.57) 402, 2475 (111) 640, 2653 (103)  30.68

-135.80 (-183.65, -87.95) 1040, 2123 (566) 1097, 2259 (562) 26.31

-85.00 (-113.62, -56.38) 512, 2580 (313) 646, 2665 (119)  29.21

-154.65 (-217.09, -92.20) 2133 2640 100.00

N, mean N, mean %

I
-411 0

T
411

FIGURE 5 | Pooled analysis of inadequate or adequate pregnancy weight gain effects on maternal health outcomes mean birth weight.

of gestational diabetes mellitus, premature membrane rupture,  Overweight Mothers (Pre-pregnancy BMI: 25-29.9 KG/M?)
preterm delivery, low birth weight, and NICU admission did not =~ Maternal inadequate or low gestational weight gain, compared
differ significantly between those with adequate and excessive  to adequate weight gain, was associated with an increased risk

weight gain.

of small for gestational age status (OR 1.47; 95% CI: 1.04, 2.06;
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Author

Gestational diabetes mellitus

Pettit KE (2015)

Wang L (2018)

Algeri P (2018) *—

Lal AK (2015) ——

Pecheux O (2019) -

Subtotal (I-squared = 8.8%, p = 0.356
p$i

I
-
—.—

Gestational hypertension or pre-eclampsgia

Pettit KE (2015) -
Wang L (2018) ——
Algeri P (2018) | —o—
Shamshirsaz AA (2014) -~

Lin D (2019) e
Lal AK (2015) *

Gavard JA (2014)
Pecheux O (2019) -
Subtotal (I-squared =31.3%, p=0.178] 0

Cesaerean delivery

Pettit KE (2015)
Lutsiv O (2017)
Gavard JA (2014)
Bodnar LM (2019)
Pecheux O (2019)

Subtotal (I-squared = 19.7%, p = 0.28

—=4ee

Premature rupture of membranes
Wang L (2018)

Shamshirsaz AA (2014)

Lin D (2019)

Pecheux O (2019)

Subtotal (l-squared = 0.0%, p = 0.532

ptet

Postpartum hemorrhage

Lutsiv O (2017)

Pecheux O (2019)

Subtotal (I-squared = 27.6%, p = 0.24

T8¢t =

Events, Events, %

RR (95% Cl)  Treatment Control Weight
0.78 (0.47, 1.29) 24/203 30/198 2343
1.06 (0.59, 1.88) 10/35 46/170 17.46
0.41 (0.03, 6.74) 0/11 7/73 0.75
0.69 (0.39, 1.23) 15/517 46/1097 17.81
1.27 (0.87, 1.85) 22/64 94/346 40.55
0.97 (0.77, 1.24) 71/830 223/1884 100.00
1.93 (1.38, 2.68) 77/203 39/198 14.69
1.31(0.72, 2.38) 10/35 371170 455
3.57 (1.84,6.95) 7/11 13/73 365
1.22 (0.80, 1.87)28/134 44/257 8.94
2.05 (1.45, 2.90) 82/281 38/267 13.48
1.82(1.48,2.23)137/517  160/1097 39.31
1.54 (0.98, 2.43) 36/252 30/323 7.79
2.19 (1.38, 3.47) 19/64 47/346 7.60
1.82 (1.60, 2.06) 396/1497 408/2731 100.00
0.94 (0.84, 1.06) 146/203  151/198 153
1.08 (0.92, 1.26) 126/220  170/320 0.87
1.02 (0.92, 1.14)179/252  224/323 1.79
1.07 (1.05, 1.08) 6368/8754 24502/35992 95.67
1.10 (0.76, 1.60) 22/64 108/346 0.15
1.07 (1.05, 1.08) 6841/9493 25155/37179 100.00
0.87 (0.36, 2.09) 5/35 28/170 6.80
1.03 (0.75, 1.42) 41/134 761257 5224
0.69 (0.43, 1.11) 27/281 37/267 2411
1.06 (0.61, 1.86) 12/64 61/346 16.85
0.93(0.74, 1.17) 85/514 202/1040 100.00
0.99 (0.70, 1.41) 43/220 63/320 7777
1.54 (0.81, 2.96) 10/64 35/346 2223
1.10 (0. 81 1.49) 53/284 98/666 100.00

I
.0251 1

39.9

FIGURE 6 | Pooled analysis of excessive or adequate pregnancy weight gain effects on maternal health outcomes.

I? = 44.8%; N = 3) and very preterm status (OR 1.47; 95%
CL: 1.31, 1.65; I> = 0.0%; N = 2) (Supplementary Figure 9).
There was a non-statistically significant lower risk of cesarean
delivery in mothers with inadequate or low weight gain (OR
0.96; 95% CI: 0.93, 1.00; N = 1) (Supplementary Figure 10).
The risk of gestational diabetes mellitus, hypertension, premature
membrane rupture, preterm delivery, low birth weight, and
NICU admission did not differ significantly between those with
adequate and inadequate/low gestational weight gain.

Maternal excessive gestational weight gain, compared to
adequate weight gain, was associated with increased risk of
gestational hypertension (OR 1.65; 95% CI: 1.18, 2.30; I> =
0.0%; N = 3) and very preterm delivery (OR 1.24; 95% CI:
1.10, 1.39; I> = 0.0%; N = 3) (Supplementary Figure 11,

Supplementary Figure 12). However, the risk of gestational
diabetes mellitus reduced (OR 0.21; 95% CI: 0.07, 0.58; I> =
0.0%; N = 2). The risk of cesarean delivery, premature membrane
rupture, preterm delivery, low birth weight, small for gestational
age status, and NICU admission was not statistically different
between those with adequate and excessive weight gain.

Obese Mothers (Pre-pregnancy BMI: >30 KG/M?)

Maternal inadequate or low gestational weight gain, compared
to adequate weight gain, was associated with an increased risk
of low birth weight (OR 1.33; 95% CI: 1.06, 1.66; I* = 70.9%;
N = 3), small for gestational age status (OR 1.41; 95% CI: 1.16,
1.71; I? = 7.6%; N = 3), and very preterm baby (OR 1.32; 95%
CL: 1.14, 1.52; I = 2.1%; N = 2) (Supplementary Figure 13).
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Events, Events, %
Author RR (95% ClI) Treatment Control Weight
Preterm delivery (<37 wks) |
Pettit KE (2015) * 1.02 (0.89, 1.18) 134/203 128/198 16.15
Wwang L (2018) - 0.99 (0.75, 1.31) 22/35 108/170  4.22
Algeri P (2018) ‘- 2.06 (1.38,3.06) 9/11 29/73 2.09
Shamshirsaz AA (2014) * 1.09(0.99,1.20) 114/134  201/257 3576
Lutsiv O (2017) * 1.10 (0.91, 1.32) 107/220 142/320 9.82
Lin D (2019) * 1.05(0.94, 1.16) 208/281 189/267 30.63
Pecheux O (2019) 1.35(0.82,2.23) 15/64 60/346 1.32
Subtotal (I-squared = 51.3%, p = 0.055) 1.08 (1.02, 1.14) 609/948  857/1631  100.00
Very preterm delivery (<32 wks)
Pettit KE (2015) 1.07 (0.69, 1.65) 35/203 32/198 1.79
Wwang L (2018) * 0.68 (0.04, 12.85) 0/35 31170 0.04
Algeri P (2018) —— 3.98 (1.10, 14.37) 3/11 5/73 0.21
Shamshirsaz AA (2014) - 1.05(0.70, 1.57) 29/134 53/257 212
Lin D (2019) —— 0.79 (0.35, 1.80) 10/281 12/267 0.51
Bodnar LM (2019) * 1.21(1.14,1.29) 1196/8754 4062/35992 94.89
Pecheux O (2019) — 1.80 (0.74, 4.36) 6/64 18/346 0.44
Subtotal (I-squared = 0.8%, p = 0.418) r 1.21(1.14,1.28) 1279/9482 4185/37303 100.00
Low birth weight (<2500 g)
Pettit KE (2015) * 0.89 (0.78, 1.01) 133/201 145/195 19.70
Lutsiv O (2017) * 0.92 (0.79, 1.08) 155/440 244/640 12.65
Lin D (2019) * 0.83 (0.75,0.91) 314/562 360/534 36.77
Lal AK (2015) * 0.83 (0.72, 0.95) 183/517 469/1097 17.88
Gavard JA (2014) * 0.91(0.71,1.17) 87/504 122/646  5.26
Pecheux O (2019) * 0.97 (0.79, 1.20) 40/64 222/346 7.73
Subtotal (I-squared = 0.0%, p = 0.624) § 0.87 (0.82,0.92) 912/2288  1562/3458 100.00
Small for gestational age
Pettit KE (2015) b d 0.60 (0.43, 0.82) 43/201 70/195 3.83
Wang L (2018) — 0.46 (0.11,1.88) 2/35 211170 0.20
Alger P (2018) —_—r 0.21 (0.01,3.33) 0/11 14/73 0.05
Shamshirsaz AA (2014) —— 1.63(0.88,3.01) 17/134 20/257 1.08
Lutsiv O (2017) * 0.94 (0.74,1.19) 87/440 135/640 6.97
Lin D (2019) - 0.79 (0.46, 1.33) 24/562 29/534 1.45
Lal AK (2015) - 0.71 (0.51, 1.00) 42/517 1251097 3.63
Bodnar LM (2019) * 0.84 (0.78,0.90) 824/8754  4030/35992 79.60
Pecheux O (2019) - 0.72 (0.50, 1.03) 22/64 165/346 3.18
Subtotal (I-squared = 37.6%, p = 04118)|| 0.83 (0.78,0.88) 1061/10718 4609/39304 100.00
Admission to NICU
Pettit KE (2015) * 0.94 (0.86, 1.03) 162/201 167/195 4484
Lutsiv O (2017) * 0.98 (0.83, 1.15) 155/440 230/640 13.25
Lin D (2019) * 0.90 (0.77,1.06) 196/562 206/534 14.64
Lal AK (2015) * 1.02 (0.90, 1.14) 227/517 474/1097 25.15
Pecheux O (2019) - 1.29 (0.86, 1.94) 20/64 84/346 213
Subtotal (I-squared = 0.0%, p = 0.455) 0.97 (0.91,1.02) 760/1784 1161/2812 100.00
| | |
.0136 1 73.7
FIGURE 7 | Pooled analysis of excessive or adequate pregnancy weight gain effects on neonatal health outcomes.

There was a reduced risk of cesarean delivery (OR 0.95; 95%
CI: 0.93, 0.98; I? = 0.0%; N = 2) and gestational hypertension
(OR 0.62; 95% CI: 0.44, 0.87; I> = 30.1%; N = 3) in mothers
with inadequate or low weight gain (Supplementary Figure 14).
The risk of gestational diabetes mellitus, premature membrane
rupture, preterm delivery, and NICU admission did not differ
significantly between those with adequate and inadequate/low
gestational weight gain.

Maternal excessive gestational weight gain, compared to
adequate weight gain, was associated with an increased risk of

gestational hypertension (OR 1.45; 95% CIL: 1.13, 1.86; I =
0.0%; N = 4), cesarean delivery (OR 1.07; 95% CI: 1.05, 1.10;
I? = 0.0%; N = 3), and very preterm delivery (OR 1.20; 95%
CL: 1.06, 1.34; I> = 54.8%; N = 3) (Supplementary Figure 15,
Supplementary Figure 16). The risk of small for gestational
age status was reduced (OR 0.85; 95% CI: 0.74, 0.98; I* =
21.5%; N = 3). The risk of premature membrane rupture,
gestational diabetes, preterm delivery, low birth weight, and
NICU admission did not differ significantly between those with
adequate and excessive weight gain.
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N, mean N, mean %
Author WMD (95% ClI) (SD); Treatment (SD); Control Weight
Gestational age (in weeks)
Pettit KE (2015) e 0.00 (-0.70,0.70) 203,34.8(3.4) 198,34.8(3.7) 5.02
Wang L (2018) —_— 0.20 (-0.17,0.57) 35, 36.5(.94) 170, 36.3 (1.33) 13.51
Shamshirsaz AA (2014) ~———e—— -0.70 (-1.45,0.05) 134,33.5(3.7) 257,34.2(3.3) 4.45
Lutsiv O (2017) * -0.10 (-0.16, -0.04) 220, 37 (.37) 320, 37.1(.38) 38.22
Lal AK (2015) — 0.20 (-0.07,0.47) 517,35.7 (24) 1097, 35.5(2.9) 19.72
Gavard JA (2014) — 0.00 (-0.28, 0.28) 504, 38 (2.1) 646, 38 (2.7) 19.08
Subtotal (I-squared =48.7%, p = 0.083) <> -0.00 (-0.17,0.16) 1613 2688 100.00
NOTE: Weights are from random effects anglysis
T T
-1.45 0 1.45
FIGURE 8 | Pooled analysis of excessive or adequate pregnancy weight gain effects on mean gestational age.

N, mean N, mean %
Author WMD (95% CI) (SD); Treatment  (SD); Control Weight
Smaller twin birth weight (g)
Pettit KE (2015) T—— 112.00 (-15.34, 239.34) 203, 2132 (663) 198, 2020 (638) 12.05
Shamshirsaz AA (2014) —_—l -56.80 (-194.14, 80.54) 134, 1946 (675) 257, 2003 (622)  11.03
Lutsiv O (2017) -+ -16.00 (-27.72, -4.28) 440, 2637 (92.3) 640, 2653 (103)  27.81
Lal AK (2015) —_— 116.30 (61.54, 171.06) 517, 2375 (505) 1097, 2259 (562) 22.56
Gavard JA (2014) —— 50.00 (23.15, 76.85) 504, 2715 (289) 646, 2665 (119)  26.55
Subtotal (I-squared = 90.3%, p = 0.000) <<> 42.30(-16.18,100.79) 1798 2838 100.00
NOTE: Weights are from random effects analysis
T T
-239 0 239
FIGURE 9 | Pooled analysis of excessive or adequate pregnancy weight gain effects on mean birth weight.
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DISCUSSION

This meta-analysis aimed to evaluate the effects of gestational
weight gain on maternal and fetal outcomes in women with
twin pregnancies. We herein found an increased risk of negative
maternal and fetal outcomes in women experiencing either
inadequate or excessive weight gain relative to mothers with
optimal gestational weight gain. Mothers with inadequate weight
gain were at increased risk for gestational diabetes mellitus,
preterm delivery, very preterm delivery, small for gestational age
status, low birth weights, and NICU admission. The study also
noted an increased risk for gestational hypertension and cesarean
section among mothers with excessive weight gain. Neonates
born to mothers with excessive weight gain were at increased risk
for preterm delivery and very preterm delivery. The findings were
largely the same when analysis was conducted based on maternal
pre-pregnancy BMI.

A similar meta-analysis, containing 23 studies, was previously
conducted for singleton pregnancies (13), finding a higher risk
for small for gestational age status and preterm birth when
gestational weight gain was below recommended amounts.
Moreover, gestational weight gain above baseline was associated
with decreased risk for SGA and preterm birth, but increased
risk for cesarean delivery (13). Additionally, a large population-
based cohort study in United States found that mothers
with low gestational weight gain presented increased risk for
serious adverse birth effects including maternal and perinatal
death (30). The American study also noted an increased
risk for poor maternal and fetal outcomes in mothers with
excessive gestational weight gain—however, this increased
risk was not found in maternal overweight at the time
of conception (30).

Low pregnancy weight gain usually indicates the presence of
nutritional deficiencies, inadequate expansion of plasma volume
and an underlying metabolic state that is supportive of increased
risk of infections and inflammation (31, 32). Similarly, it is well-
documented that overweight and obesity is a pro-inflammatory
state and excessive weight gain during pregnancy is associated
with surge in pro-inflammatory cytokines (33-35). All these
factors increase the risk of preterm and very preterm delivery.
Also, inflammation leads to activation and subsequent expression
of several proteins, cytokines and interleukins that suppress the
insulin signaling pathways, lead to less sensitivity to insulin
and consequent insulin resistance (36). These factors could, in
some way, explain the increased risk of preterm delivery and
gestational diabetes in women with either low or high gestational
weight gain.

Together with the present study, these findings call for
prenatal and antenatal programs to support maternal nutrition
and encourage optimal gestational weight gain. Pre-conception
nutrition programs should be devised that target normal BMIs
for expectant mothers. These programs are currently lacking
in both developed and developing countries. In addition,
mothers should be educated about the health advantages of
maintaining normal BMI and achieving optimal weight gain
during pregnancy. Lifestyle and nutritional interventions may
assist in these endeavors. It is also important to note that

the current evidence suggests that glucose intolerance during
pregnancy increases the likelihood of developing abnormal
glucose tolerance and diabetes later during life (37). In
this context, it is important to ensure a healthy lifestyle
and nutritional habits starting from early in the pregnancy.
Additional to that, myo-inositol, one of the promising molecules
that has not only shown to positively affect fertility but also
prevention of gestational diabetes mellitus, could be used during
pregnancy (38, 39). In a recent Cochrane review, it was found
to reduce the incidence of gestational diabetes mellitus by 10-
22% (40). Myo-inositol functions by participating in several
signaling processes involving insulin and gonadotropins (38-40).
Furthermore, women developing abnormal glucose tolerance
during pregnancy should closely monitor their glucose levels
post-delivery as well.

This study does have several limitations. First, the included
studies were mostly conducted in developed settings with
minimal representation from low/middle-income demographic
groups. This may make the findings difficult to generalize.
Second, while included studies reported preterm birth data, no
clear distinctions between spontaneous and induced preterm
birth were included. Studies also did not mention how
gestational age was assessed, which may affect prematurity-
related observations. However, the studies reported on small
for gestational age based on the standard definition of weight
below the 10th percentile for the gestational age (41). The
studies did not demarcate elective and emergency cesarean
deliveries. Most of the studies included in this review were
from developed settings and as part of the standard care
in these settings, twin pregnancies are usually delivered
through elective cesarean section. Therefore, the observed
pooled effect sizes for cesarean section as an outcome may
be less reliable. Finally, the findings from this meta-analysis
are based on observational data and therefore may not
be suitable for establishing causality. Our meta-analysis is
limited by the use of studies involving retrospective data
procurement and analysis, meaning that data on important
confounding factors are not always available. Consequently, the
observed associations reported by individual studies may not be
accurate, thereby affecting the reliability of the findings of this
present meta-analysis.

One important aspect to acknowledge is that the IOM
guidelines for adequate weight gain lay a wide range and it
is often confusing to decide on what ideal minimum weight
gain to aim for. Previously conducted studies, especially
in overweight and obese women, have shown that weight
gain below the IOM recommendations seemingly does
not have any significant negative effect of maternal and
neonatal outcomes (14, 42, 43). This may indicate that
fetal growth is more important to assess, as opposed to
maternal weight gain. Future studies should aim to answer
the question of minimum optimal pregnancy weight gain
in twin pregnancies across various maternal pre-pregnancy

BMI categories.
The findings of the meta-analysis place emphasis
on the importance of attaining optimal gestational

weight gain in mothers for twin pregnancies. Doing so
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would possibly aid in preventing adverse maternal and
fetal/neonatal outcomes. Counseling on optimal weight
gain during pregnancy as part of routine antenatal visits is
therefore desirable.
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