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Abstract

Background: Pregnancy is the term used to describe the period in which a foetus develops inside a woman's womb or uterus. Pregnancy usually lasts about 40 weeks, or just over 9 months, as measured from the last menstrual period to delivery. Health care providers refer to three segments of pregnancy, these are called trimesters. The American College of Sports Medicine (ACSM) recommend moderate intensity exercise throughout pregnancy; however, strenuous exercise guidelines are unclear. Strenuous exercise is defined as being 70-85% of maximum heart rate (MHR), or an activity in which a conversation can generally not be held. Neonatal birth weight is the most important predictor of death and illness in new-born children. Birth weight less than 2500 grams regardless of gestation age is defined as a low birth weight (LBW). Methods: The following databases were searched for articles that evaluated the question: PubMed, EMBASE, CINHAL and Medline. Once the titles and abstracts were screened, the full screening commenced, assessing the quality of the text included in the articles, then data was abstracted. 8 studies were included in this systematic review, 4 randomised controlled trials and 4 cohort studies, with a total of 5,870 participants. The studies were required to include a report of pregnant women performing strenuous exercise during the third trimester of pregnancy, with a control group of either lower intensity exercise, no exercise or standard care. Results: Each study was explained by obtaining and presenting information such as: publication details, study population, characteristics of the intervention, and the outcome. Meta-analysis shows that there was no significant difference detected between the birth weight of babies where their mothers had participated in strenuous exercise and those who did not exercise during the third trimester of pregnancy. Conclusion: Strenuous exercise completed in the third trimester appears to be safe for most healthy pregnancies. Further research is needed on the effects of exercise intensity exceeding 90% of maximum heart rate. 


1. Introduction

	Pregnancy is the term used to describe the period in which a foetus develops inside a woman's womb or uterus (Spong, 2013). Spong (2013) states that pregnancy usually lasts about 40 weeks, or just over 9 months, as measured from the last menstrual period to delivery. Health care providers refer to three segments of pregnancy, these are called trimesters (Spong, 2013). The first trimester is from week 1 to week 12, the second trimester is from week 13 to week 28 and the third trimester is from week 29 to week 40 (Spong, 2013). In this systematic review the focus is on the third trimester. At the beginning of the third trimester Spong (2013) states that the foetus’ bones are soft but almost fully formed, and their eyes can open and close. Children born before 37 weeks are at increased risk for developing problems such as hearing and vision complications, delay in development, and cerebral palsy (Spong, 2013). If children are born in weeks 37 and 38 of pregnancy, they face more health risks than those born at weeks 39 or later (Spong, 2013). These children have better health outcomes than children born earlier, therefore if there is no medical reason to deliver earlier, it is best to deliver at or after 39 weeks to give the children’s vital organs such as lungs, brain, and liver time to fully develop (Fleischman, Oinuma and Clark, 2010). There are different terms of birth that the children are categorised into in relation to their gestational age (Fleischman, Oinuma and Clark, 2010). Weeks 34 to 36; late preterm, weeks 37 or 38; early term, weeks 39 or 40; full term, week 41 to +6 days; late term, and week 42; post term (Fleischman, Oinuma and Clark, 2010). 
According to Di Mascio et al (2016) moderate intensity exercise throughout pregnancy is known to have many results. These results being fewer caesarean deliveries, less maternal weight gain, less occurrence of gestational diabetes and hypertensive disorders, and antenatal and postnatal depression improvements (Di Mascio et al., 2016). The American College of Sports Medicine [ACSM (2018)] recommend moderate intensity exercise throughout pregnancy; however, strenuous exercise guidelines are unclear. Poyatos-León et al (2017) states that is has no negative affect on birth weight. Strenuous exercise is defined as being 70-85% of maximum heart rate (MHR), or an activity in which a conversation can generally not be held (Norton, Norton and Sadgrove, 2010). When looking at studies that have investigated the effects of strenuous exercise on birth weight there has been a mixture of results with three studies (Duncombe et al, 2006; Petrov Fieril, Glantz and Fagevik Olsen, 2014; and Jukic et al, 2011) stating there was no effect on birth weight and two studies (Bisson et al, 2017: and Gollenberg et al, 2010 stating there was a reduced birth weight. Although it is thought that moderate intensity exercise during pregnancy is beneficial, it is not known whether strenuous exercise is detrimental, especially in the third trimester when the foetus needs are greater. 
Bell (2002) states that neonatal birth weight is the most important predictor of death and illness in new-born children. The World Health Organisation (2016) states that a birth weight less than 2500 grams regardless of gestation age is defined as a low birth weight (LBW). In comparison to normal weight babies, LBW babies are 20 times more likely to develop complications and pass away (Mathewson et al., 2017). Potential risks in LBW babies are cerebral palsy, cognitive deficits, motor delays, and psychological problems (Mathewson et al., 2017). It is estimated that 15% to 20% of all birth worldwide are LBW, and it is considered a significant public health problem (World Health Organisation, 2016). Small for gestational age (SGA) is used to describe new-borns that are smaller in size than normal for their gestational age (Schlaudecker et al., 2017). SGA is defined as a birth weight lower than the 10th percentile for gentational age (Schlaudecker et al., 2017). Stillbirths, neonatal and postneonatal mortalities have been associated with SGA (Ludvigsson et al., 2018). 
The aim of this systematic review is to critically analyse randomised controlled trials and cohort studies to determine the strength of evidence on the effect strenuous physical activity has on neonatal birth weight during the third trimester of pregnancy. There is a need for more specific guidelines on strenuous exercise in pregnancy as a whole but more so in the third trimester as this seems to be the most disputed within literature.

2. Methods

2.1 Search strategy

	Searches were made on the databases PubMed, EMBASE, CINHAL and Medline – up to the 31st January 2021. A primary search with the term “pregnancy” was combined with the terms: “trimester”, “gestation” or “third” and secondly with terms: “strenuous”, “exercise”, “exertion” or “intensity”. Information was gathered from peer reviewed literature to discover what effects strenuous exercise has on pregnancy during all trimester. Articles identified by the search were full copies and were considered to meet the eligibility criteria.

2.2 Study criteria and selection

Studies were included if 1) a pregnant woman of any age was performing strenuous exercise; 2) reports of strenuous exercise in the third trimester of pregnancy; 3) reports of infant birth weight; and 4) pregnant women were healthy (healthy defined as bodies with no chronic disease). Studies were included in this systematic review if they reported any type of strenuous exercise, which can be any sporting activity where the participants are working at 70-85% of their MHR. Swimming, running, plyometrics, weight training or high-intensity interval training (HIIT) can be exercises where the participants heart rates will increase to this percentage. If any of the pregnant women in any of the studies had any underlying health issues they were excluded from the study. All studies included in this systematic review were either randomised control trials (RCTs) or cohort studies. 

2.3 Evaluation of methodological quality

A quality assessment was done using the PEDro scale (Physiotherapy Evidence Database). This scale shown good reliability for the scoring of RCT’s (Maher et al., 2003). The PEDro scale consists of 11 items to ensure a strict application of the scientific method ensuing unbiased experimental design, methodology, analysis and reporting of results. Item 1 relates to external validity and is not included in the final score whereas items 2 to 11 contribute to internal validity, and are given 1 point if met, shown in Table 1. 
2.4 Assessment of risk bias

The Cochrane Risk of Bias for Randomized Controlled Trials was used to assess the risk of bias, shown in Table 2. Selection bias which is divided into random sequence generation and allocation concealments, reporting bias, other bias, performance bias, detection bias and attrition bias are the domains assessed as high, low or unclear in each RCT. After assessing high, low or unclear risk for each domain an overall quality assessment was provided. The quality of cohort studies was assessed by the Newcastle-Ottawa Scale, shown in Table 3. Quality of cohort studies is assessed from eight question (of which one is two parts) that are divided into 3 categories; selection, comparability, and outcome. After the quality assessment an overall quality assessment was provided out of nine.

2.6 Data analysis
	The outcome was the effect of strenuous exercise in the third trimester of pregnancy on neonatal birth weight. Through using RevMan (Review Manager) 5.4.1 meta-analyses were conducted. Meta-analyses were conducted where two or more studies presented data on comparable participants, interventions, comparators and outcomes. Meta-analyses were conducted to establish whether strenuous exercise in the third trimester of pregnancy had an effect on neonatal birth weight compared to a control group. Two log risk ratios were also conducted on SGA and one on LBW, both compared to a control group. As birth weight in grams is a continuous outcome, unstandardised mean differences were calculated. In small meta-analysis point estimates of heterogeneity can be biased, therefore heterogeneity was assessed using a confidence interval (CI). 
3. Results
3.1 Study search and selection

A flow chart illustrating the different stages of study search and selection included in the systematic review is demonstrated in figure 1. During the first search on the database, 176 titles and abstracts were discovered. 21 of these were used for full text review. Once the exclusion criteria were applied only 8 studies fit the criteria which were included in the systematic review. 4 of these were RCT studies (Bisson et al, 2015; Cavalcante et al, 2009; Ruchat et al, 2012; and Wang et al, 2017) and the other 4 were cohort studies (Collings, Curet and Mullin, 1983; Magann et al., 2002; Hegaard et al., 2010; and Hall and Kaufmann, 1987). The other studies were excluded for one of the following reasons: 1) participants were not defined as healthy, 2) strenuous physical activity at 70-85% maximum HR was not being performed, or 3) no reports of neonatal birth weight reported.

176 titles and abstracts discovered on databases PubMed, EMBASE, CINHAL and Medline.


155 excluded:

· Design not relevant
· Participants were not healthy 




21 full texts reviewed 

13 excluded:

· Birth weight was not reported as an outcome



8 papers met inclusion criteria



Figure 1. A flow chart illustrating the different stages of study search and selection.


3.2 Methodological quality assessment

	The PEDro scores for the four RCTs are detailed in Table 1. There was a mixture of scores with two studies (Cavalcante et al, 2009; and Ruchat et al, 2012) scoring a PEDro score of six, and the other two studies (Wang et al, 2017; and Bisson et al, 2015) scoring seven and eight respectively. 

3.3 Risk of bias

	The risk of bias of the four RCTs are detailed in Table 2 and the quality assessment of the four cohort studies are detailed in Table 3. There was a mixed overall risk of bias of the RCTs with three studies (Bisson et al, 2015; Cavalcante et al, 2009; and Wang et al, 2017) all being low risk for all bias and the one study (Ruchat et al, 2012) being low risk for reporting bias, other bias, detection bias and a section of selection bias; unclear for the other section of selection bias; and high risk of bias for performance bias and attrition bias. Three studies (Hall and Kaufmann, 1987; Hegaard et al., 2010; and Magann et al., 2002) scored reasonably high in the quality assessment with scores of 7, whereas one study (Collings, Curet and Mullin, 1983) scored 6. All four cohort studies had a mixture of scores within the Newcastle-Ottawa Scale subcategories. 
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Table 1 
Detailed description of PEDro scores. 
Study (year published)		PEDro scores	
					1      	2    3    4    5    6    7    8    9    10   11    Total of 2-11
Bisson et al. (2015)			Yes	1    1    1    0    0    1    1    1     1     1	 	8
	
Cavalcante et al. (2009)		Yes	1    0    1    0    0    0    1    1     1     1	 	6

Ruchat et al. (2012)			Yes	1    0    1    0    0    0    1    1     1     1	 	6 

Wang et al. (2017)			Yes	1    1    1    0    0    0    1    1     1     1	 	7
Total for each item 				4    2    4    0    0    1    4    4     4     4		27
1: eligibility criteria were specified.
2: subjects were randomly allocated to groups (in a crossover study)
3: allocation was concealed.
4: the groups were similar at baseline regarding the most important prognostic indicators.
5: there was blinding of all subjects.
6: there was blinding of all therapists who administered the therapy.
7: there was blinding of all assessors who measured at least one key outcome.
8: measures of at least one key outcome were obtained from more than 85% of the subjects initially allocated to groups.
9: all subjects for whom outcome measures were available received the treatment or control condition as allocated or, where this was not the case, data for at least one key outcome was analysed by “intention to treat”.
10: the results of between-group statistical comparisons are reported for at least one key outcome.
11: the study provides both point measures and measures of variability for at least one key outcome.
(PEDro scale - PEDro, 2021)



Table 2
Cochrane Risk of Bias for Randomised Control Trials

Study (year published)	 		Bisson et al. (2015)   Cavalcante et al. (2009)   Ruchat et al. (2012)   Wang et al. (2017)

Selection bias

Random sequence generation		L				L				L			L

Allocation concealment			L				L				U			L

Reporting bias
	
Selective reporting				L				L				L			L		
Other bias
	
Other sources of bias			L				L				L			L	

Performance bias
	
Blinding of participants and personnel	L				L				H			L

Detection bias

	Blinding of outcome assessment		L				L				L			L

Attrition bias

	Incomplete outcome data			L				L				H			L
		

Table 3
Newcastle-Ottawa Scale for Cohort Studies

Study (year published)	 		Collings et al. (1983)    Hall et al. (1987)    Hegaard et al. (2010)     Magaan et al. (2002)

Selection 

Representativeness of the exposed cohort		0			1			1			0

Selection of the non-exposed cohort			1			1			1			1

Ascertainment of exposure					1			1			0			0

Demonstration that outcome of interest			1			1			1			1
was not present at the start 

Comparability

Study controls for relevant primary cofounder		0			0			1			1

Study controls for relevant secondary cofounders 	0			0			1			1

Outcome

Assessment of outcome					1			1			1			1

Was follow up long enough for outcome to occur	1			1			1			1

Adequacy of follow up of cohorts				1			1			0			1


Total 								6			7			7			7
3.4 Participant characteristics 

	Table 4 illustrates the participants characteristics. A total of 5,870 participants was calculated from the 8 studies included in the systematic review. A structured detail of particular population was not reported in all 8 studies. Four studies (Cavalcante et al, 2009; Collings, Curet and Mullin, 1983; Hall and Kaufmann, 1987; and Hegaard et al., 2010) had no age specification, two studies (Ruchat et al, 2012; and Magann et al., 2002) specified that participants were under the age of 40, and the other two studies (Bisson et al, 2015; and Wang et al, 2017) specified that the participants were over the age of 18.

3.5 Intervention characteristics
	
	Table 4 also illustrates the intervention the pregnant women participated in during the third trimester of pregnancy. Strenuous exercise was an intervention in all 8 studies. All four RCTs interventions gained an intensity between 70-85% of MHR. In the study (Bisson et al., 2015) the pregnant women participated in supervised aerobic and resistance training where their MHR reached 70%. Supervised indoor water aerobics where the participants MHR reached 70% was the intervention in the study (Cavalcante et al., 2009). The pregnant women participated in partially supervised walking sessions where their MHR reached 70% in the (Ruchat et al, 2012) study. In the (Wang et al, 2017) study the pregnant women participated in supervised cycle ergometer sessions with MHR of 75-85%. Three of the cohort studies stated that the participants intervention was working between 70-85% MHR where one only stated running, swimming and tennis. The intervention in the study (Collings, Curet and Mullin, 1983) was supervised cycle ergometer session where their MHR reached 70%. Pregnant women in the study (Hall and Kaufmann, 1987) participated in supervised machine-based resistance training and cycling where the MHR reached 85%. In the study (Hegaard et al., 2010) the pregnant women participated in any activity from the list of swimming, running or tennis. The pregnant women in the study (Magann et al., 2002) participated in any activity of their choice as long as their MHR was between 70-80%.



Table 4
Participant and intervention characteristics of all studies

Study (year published).   Study type   Participants   	Intervention						   		Control
																	   
								Activity        			Frequency	   	Intensity	 Activity   	
	
Bisson et al. (2015)	   	RCT		50		Aerobic & resistance		3x week 		70% MHR 	Standard care
								Training (Supervised)
								
Cavalcante et al. (2009)	RCT		71		Indoor water			3x week		70% MHR 	No exercise
								aerobics (Supervised)

Collings et al. (1983)		Cohort 	20		Cycle ergometer		3x week 		70% MHR 	No exercise
								(Supervised)	   
		
Hall et al. (1987)	   	Cohort		845		Machine-based		3x week		85% MHR	No exercise
								resistance training 
								(Supervised)

Hegaard et al. (2010)		Cohort		4458		Any				-		    	Swimming,	2x control groups
													     	     	running	Low intensity &
													     	    	or tennis	no exercise

Magaan et al. (2002)	 	Cohort	 	455		Any				3x week	     	70-80% MHR	No exercise 
																	
		
Ruchat et al. (2012)		RCT		118		Walking sessions		1x supervised	     	70% MHR	Low intensity
								(Partially supervised)		2x Unsupervised			
												Total = 3x week 			

Wang et al. (2017)		RCT		300		Cycle ergometer		3x week	     	85% MHR	Standard care
								(Supervised)	

3.6 Meta-analysis 

	Meta-analysis results are shown in Table 5. This table describes the type of activity the control group participated in, in each study. There is also a description of how many participants took part in the intervention group and how many participated in the control group. There was no significant difference detected between the birth weight of babies where their mothers had participated in strenuous exercise and those who did not exercise during the third trimester of pregnancy. Five studies (Bisson et al., 2015; Cavalcante et al., 2009; Hegaard et al., 2010; Magaan et al., 2002; and Wang et al., 2017) defined birth weight in relation to gestational age, stating SGA, and three studies (Ruchat et al., 2012; Cavalcante et al., 2009; and Hegaard et al., 2010) defined birth weight lower than 2500g, stating LBW. In the log risk ratio shown in Table 6, there was no major increase in risk of SGA in those who participated in strenuous exercise and those who did not exercise during the third trimester of pregnancy. Also, in the log risk ratio shown in Table 7, there was no major increase in risk of LBW in those who participated in strenuous exercise and those who did not.

Table 5
Meta-analysis mean difference of neonatal birth weight for women participating in strenuous exercise during the third trimester of pregnancy compared to a control group.

Study				Control group	No of		No of		MD [95%, CI]			       Lower		Higher
(year published)		activity type		participants 	participants 					for strenuous	    for strenuous
							exercising	in control 
									group

Bisson et al. (2015)		Standard care		23		22		120 [-111.98, 351.98]	
Cavalcante et al. (2009)	No exercise		34		37		-90.50 [-374.17, 193.17]
Collings et al. (1983)		No exercise		12		8		242.50 [-152.97,637.97]
Hall et al. (1987)	   	No exercise		452		393		116.30 [49.29,183.31]
Hegaard et al. (2010)		No exercise		176		1998		-11.00 [-77.550, 55.50]
Hegaard et al. (2010)		Low intensity		176		2384		-38.00 [-104.06, 28.06]
Magaan et al. (2002)	 	No exercise		238		217		-42.00 [-157.37, 73.37]
Ruchat et al. (2012)		Low intensity		26		23		-107 [-343.33, 129.33]
Wang et al. (2017)		Standard care		112		114		-112.20 [-222.25, -2.15]

Random effects model								8.06 [-57.44, 73.56]  -400     -200      0       200    400     600   800

Birth weight difference (g)

Table 6
Log risk ratio of SGA infants for women participating in strenuous exercise during the third trimester of pregnancy compared to a control group.

Study				Control group	Exercise	Control	RR [95%, CI]		 	 Lower risk	      Higher risk
(year published)		activity type		Yes	No	Yes	No					for strenuous	    for strenuous

Bisson et al. (2015)		Standard care		0	23	2	20	-1.65 [ -4.63, 1.33]	
Cavalcante et al. (2009)	No exercise		4	29	8	29	-0.58 [ -1.68, 0.53]
Hegaard et al. (2010)		Low intensity		2	174	36	2348	-0.28 [-1.70, 1.13]
Magaan et al. (2002)	 	No exercise		37	201	23	194	0.38 [ -0.10, 0.87]
Wang et al. (2017)		Standard care		3	109	0	114	1.96 [ -0.99, 4.92]
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Table 7
Log risk ratio of LBW infants for women participating in strenuous exercise during the third trimester of pregnancy compared to a control group.

Study				Control group	Exercise	Control	RR [95%, CI]		 	   Lower risk	      Higher risk
(year published)		activity type		Yes	No	Yes	No					for strenuous	    for strenuous

Cavalcante et al. (2009)	No exercise		3	30	2	35	0.52 [-1.21, 2.25]
Hegaard et al. (2010)		Low intensity		2	174	28	1970	-0.21 [-1.64, 1.22]
Ruchat et al. (2012)		Low intensity		1	25	0	23	0.98 [-2.17, 4.13]

Random effects model								0.44 [-0.83, 1.70]
Low risk ratio for LBW
  -6 	   -3	   0	3	6




4. Discussion

	After using meta-analysis, the systematic review of 4 RCTs (Bisson et al, 2015; Cavalcante et al, 2009; Ruchat et al, 2012; and Wang et al, 2017) and 4 cohort studies (Collings, Curet and Mullin, 1983; Magann et al., 2002; Hegaard et al., 2010; and Hall and Kaufmann, 1987) involving 5,870 healthy participants provided that strenuous exercise during the third trimester of pregnancy had no significant difference on neonatal birth weight in comparison to the control groups. There were no major mean differences observed with SGA and LBW between strenuous exercise in the third trimester in comparison to the control groups. Further research on the effects of strenuous exercise neonatal birth weight is still needed, especially on the benefits or detriments of high-intensity exercise in the third trimester of pregnancy. 

4.1 Methodological quality 

	The RCTs included in this systematic review averaged a PEDro score of 6.75 points out of a possible 10 points. Two studies (Cavalcante et al, 2009; and Ruchat et al, 2012) scored six points (60%), and two studies (Wang et al, 2017; and Bisson et al, 2015) scored seven (70%) and eight (80%) respectively. The most common reasons the studies were excluded from the systematic review was because 1) participants were not defined as healthy, or 2) neonatal birth weight was not reported as an outcome.

4.2 Strenuous exercise effects on neonatal birth weight
	In some studies, the LBW that is shown is considered to be due to reduced foetal fat deposition, rather than a reduction in lean mass. The findings from the meta-analysis analysis indicate an absence of detrimental effects of strenuous exercise in the third trimester on markers which may reflect outcomes of reduced blood flow, such as incidence of SGA and LBW. It was difficult to compare studies as each study reported strenuous exercise in a different way. If the ‘strenuous exercise’ is reported in intensity, frequency, duration, or volume it is difficult to interoperate whether each study is providing the same strenuosity to the foetus which may cause LBW which was reported in some of the studies. 
5. Limitations

	This systematic review was limited due to the fact that only English language literature was retrieved. Also, key studies may not have been picked up by the search terms that were inputted into the databases. A large limitation to this systematic review was the measurement of strenuous activity as it was difficult to gain an accurate assessment of MHR during pregnancy due to haemodynamic changes.

6. Conclusion
	This systematic review shows that there is no significant effect on neonatal birth weight after strenuous physical activity during the third trimester of pregnancy. The meta-analysis demonstrates that strenuous exercise during the third trimester has no real effect on neonatal birth weight. 
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