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Abstract

The association between Leisure Time Physical Activity (LTPA) during pregnancy and foetal out-
comes has been extensively investigated. However, epidemiological studies specifically referred to
LPTA in the last months of pregnancy are scarce. We evaluated the association between LPTA and
the risk of both preterm delivery and small for gestational age (SGA) during the last three months
of pregnancy in Italy. A nationwide case-control study was performed in nine Italian cities. A total
of 299 preterm delivery, 364 SGA and 855 controls were enrolled in the study. A self-administered
questionnaire was used to assess socio-demographic variables, medical and reproductive history,
life-style habits and LTPA referred to the last three months of pregnancy. Univariate and multi-
variate regression analyses were performed in order to estimate Odds ratios and 95% CI. LTPA
during the last three months of pregnancy decreases the risk of preterm delivery (adjusted OR =
0.56; 95% CI 0.39 - 0.79). Among the different types of physical activity, walking, the most fre-
quently referred activity, appears significantly protective against preterm delivery (adjusted OR =
0.53; 95% CI 0.36 - 0.81). Moreover, a small protective effect of walking was evidenced against SGA
(adjusted OR = 0.72; 95% CI 0.51 - 1.00). In conclusion, a mild physical activity such as walking in
the last three months of pregnancy seems to reduce the risk of preterm delivery and, at a lesser
extent, of SGA, confirming the beneficial effects of physical activity along the whole pregnancy.
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1. Introduction

Leisure Time Physical Activity (LTPA) is an important factor to improve and maintain the best conditions of
physical well-being. Despite this, pregnant women, especially in the last months of pregnancy, tend to reduce or
stop practicing sports and physical exercises, thus contributing to the increase of body weight and other recog-
nized disorders such as gestational diabetes and preeclampsia [1]-[4].

In the last years, an increasing number of epidemiological studies has evaluated the association between
LTPA during pregnancy and foetal outcomes, in particular gestational length and infant size for gestational age
although with conflicting results. The majority of epidemiological studies found a protective influence of LTPA
during pregnancy: a reduced risk of preterm birth among women who were engaged in some kind of exercise in
comparison with non-exercisers has been documented [5]-[9]. However, other epidemiological studies didn’t
find any significant association [10]-[13].

Small for Gestational Age (SGA) birth has been less investigated. Some epidemiological studies, focused on
the association between LTPA and birthweight in general, found that LTPA during pregnancy doesn’t increase
the risk of low birth weight [14] [15]. On the contrary, other studies found an association between the time spent
in sport activities and low birthweight [16]. Moreover, epidemiological studies suggest that LTPA may help to
normalize birthweight into the healthy range by reducing overweight birth [17].

There is an evidence that women tend to modify their LTPA when they become pregnant: a decline in the in-
tensity of physical activity during pregnancy is observed in women who are involved in vigorous sports activi-
ties while, on the contrary, women who are inactive prior to pregnancy sometimes start exercising during preg-
nancy taking into account the wellness of the baby [18] [19].

LTPA frequency in the last period of pregnancy and during the last three months in particular is not well in-
vestigated and epidemiological studies specifically referred to preterm delivery and SGA in late pregnancy are
scarce in literature. The aim of the present study was to explore the relationship between LPTA in advanced
pregnancy and fetal outcomes such as preterm birth and low birthweight and in particular SGA.

2. Methods
2.1. Study Design and Population

A nationwide case-control study focused on maternal LTPA was carried out as a part of a national study primar-
ily designed to investigate in adverse pregnancy outcomes and life style habits. Data were collected in nine Ital-
ian cities as described elsewhere [20]. In five cities the participating obstetric clinics covered nearly 100% of to-
tal births that occurred in the municipal areas, while in the four largest cities the coverage ranged from 40% to
60% of total births. Participation rate was 96%.

Preterm birth cases (No. 299) were singleton babiesborn before the end of the 37th week of pregnancy, while
SGA cases (No. 364) were births with weight below the 10th percentile for the gestational age, according to
Italian standards [21]. Controls (No. 855) were placed on singleton births that occurred in the same hospitals 1 -
2 days after the delivery of the case, with a gestational age > 37th completed week of pregnancy and a birth-
weight over 2500 g. Only babies born from mothers who were Caucasian, born in Italy and resident in the inves-
tigated cities were considered eligible for inclusion in the study. Multiple pregnancies or newborns with con-
genital malformations were excluded.

2.2. Data Collection and Assessment of LTPA

Mothers of cases and controls were recruited during their hospital stay just after delivery by trained interviewers.
After informed consent and before hospital discharge, mothers were asked to complete a structured, self-admini-
strated questionnaire, previously validated regarding some style-life variables [22].

The questionnaire collected information about socio-demographic variables (mother’s age, educational level,
etc.), reproductive and medical history (parity, miscarriages, stillbirth, hypertension, diabetes, etc.) and life-style
habits such as smoking habits, environmental tobacco smoke(ETS) exposure and drinking habits (coffee, beer
and alcohol consumption). Maternal and infant medical records were reviewed to obtain clinical data about
mother’s health and birth outcomes (infant sex, gestational age and infant birthweight).

Information on physical activity, both as working activity and LTPA, was referred to the last three months of
pregnancy and based on maternal self-reporting. Working activity was defined as yes (occupational activity with
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movement) or no (either none or sedentary occupation).

LTPA was referred as follows: “have you played any sport in the last three months (other than that included in
the antenatal course)? If yes, which activity have you performed for at least >30 min/day? Gymnastics (times/
week), cycling (times/week), swimming in indoor or outdoor pool (times/week), walking >1/2 hour (times/
week), other sports, specify (times/week)”. The questionnaire also gathered information about domestic physical
activity such as house-work and gardening (times/week).

The information about the attendance to antenatal classes was also collected, asking about physical activity
performed during the courses, frequency and time length.

2.3. Statistical Analyses

Bivariate and multivariate regression procedures were applied to estimate the associations between LTPA and
preterm birth and SGA. Odds ratios (ORs) and 95% Confidence Intervals (95% CI) were calculated.

The following variables were considered as confounders: infant gender, maternal age (years), partner, educa-
tion, employment during the last three months, parity, previous preterm deliveries, previous SGA, miscarriage,
stillbirth, gestational diabetes and hypertension, antenatal class attendance. Among style-life habits, active
smoking, alcohol and coffee intake, ETS exposure were taken into account. Confounding variables were as-
sessed both by questionnaire and clinical records, when possible.

The regression models were adjusted for variables significantly associated with case status (p < 0.05): statis-
tical analyses were performed with SPSS Statistical Software 18.0 for Windows.

Since no invasive procedures were applied in the study, no Ethics Committee approval was required at the
time of enrolment of subjects. However, a positive consensus was subsequently asked and obtained.

3. Results

In Table 1, the distribution of socio-demographic variables, medical and reproductive history and life-style
habits for preterm births and controls is reported. Among maternal characteristics, only age >40 ys was sig-
nificantly associated with preterm delivery, while no association was found with marital status, education and
working activity during the last three months of pregnancy. Mothers of preterm new borns have had previous
preterm deliveries, SGA babies, miscarriages and stillbirth when multipara. Moreover, a history of hyperten-
sion and diabetes was shown. Active smoking before and during the last three months but not ETS exposure
was more frequent in mothers of preterm babies compared with control subjects. Alcohol and coffee intake
were not associated, while antenatal classes attendance was positively associated with a low risk of preterm
delivery.

Mothers of SGA babies were more likely to have females and to be primipara (Table 2). No association was
found with age, marital status, education and employment during the last three months of pregnancy. When
multipara, previous preterm deliveries, previous SGA babies and miscarriages were more frequent in mothers of
SGA cases, while no difference was observed in stillbirth. Regarding to maternal life-style habits, smoking hab-
its, ETS exposure and coffee intake were more frequent in SGA mothers compared with control subjects, while
no association was evidenced in alcohol intake and antenatal classes attendance. Regarding to LTPA within the
whole sample (1518 subjects), 26% (400 subjects) declared to practice some kind of physical activity during the
last three months of pregnancy.

In Table 3, unadjusted and adjusted odds ratios (95% CI) of the association between LTPA in the last three
months of pregnancy and preterm delivery are reported. Adjusted odds ratios (95% CI) were calculated after
controlling for maternal age, previous preterm deliveries, hypertension, diabetes and active tobacco smoking.
Both unadjusted and adjusted analyses showed a protective association of LTPA in general and of walking in
particular, on preterm delivery. Other activities such as swimming, sports/exercise, biking, housework and gar-
dening are not associated; however the low number of subjects involved in these activities induces caution. In
order to avoid misclassification due to the presence of mothers with previous preterm deliveries, the sensitivity
analysis was performed taken into account pregnant women without previous preterm deliveries (No. 251): the
same association with LTPA was confirmed.

Regarding to SGA, in Table 4 unadjusted and adjusted odds ratios (95% CI) of the association between
LTPA in the last three months of pregnancy and SGA are reported. After controlling for confounding variables,

()
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Table 1. Distribution of preterm delivery cases and controls according to maternal characteristics, reproductive history and
maternal life-style habits in Italy.

Controls n = 855 Preterm delivery cases n = 299

Unadjusted

oHN O/
n % n & OR [95% ClI]

Maternal characteristics

Maternal age (years)

<20 13 1 7 2 1.52[0.59 - 3.90]

21-30 333 39 118 39 1.00 [Reference]

31-40 495 58 162 54 0.92[0.70 - 1.22]

>40 13 1 12 4 2.60[1.16 - 5.87]
Partner

Yes 816 96 279 94 1.00 [Reference]

No 34 4 19 6 1.63[0.92 - 2.91]
Education

Primary/middle school 246 29 87 29 1.00 [Reference]

High school 417 49 142 47 0.96 [0.71 - 1.31]

University 191 22 69 23 1.02 [0.71 - 1.50]

Working activity during the last three months
No 240 29 86 29 1.00 [Reference]
Yes 587 71 204 70 0.97[0.72 - 1.30]
Reproductive history

Newborn sex

Males 413 48 160 54 1.00 [Reference]

Females 442 52 135 46 0.79 [0.60 - 1.03]
Parity

Primiparae 424 50 153 51 1.00 [Reference]

Multiparae 428 50 145 49 0.94[0.72 - 1.22]

Previous preterm deliveries®

No 386 91 99 68 1.00 [Reference]

Yes 38 9 46 32 4.72[2.91 - 7.65]
Previous SGAS

No 343 96 73 74 1.00 [Reference]

Yes 15 4 26 26 8.14[4.11 - 16.14]

Miscarriages®
No 285 67 76 52 1.00 [Reference]

Yes 140 33 69 48 1.85[1.26 - 2.71]
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Continued
Stillbirth®
No 418 99 137 95 1.00 [Reference]
Yes 5 1 8 5 4.88[1.57 - 15.17]
Diabetes
No 838 99 277 94 1.00 [Reference]
Yes 10 1 18 6 5.44 [2.48 - 11.94]

Hypertension
No 820 96 246 84 1.00 [Reference]
Yes 32 4 45 15 4.69 [2.91 - 7.54]
Maternal life-style habits
Active smoking before pregnancy
No 595 70 187 63 1.00 [Reference]
Yes 259 30 110 37 1.35[1.02 - 1.78]
Active smoking in the last three months of pregnancy
No 721 85 237 80 1.00 [Reference]
Yes 125 15 60 20 1.46 [1.04 - 2.05]
Environmental tobacco smoke exposure
No 555 65 186 63 1.00 [Reference]
Yes 295 35 111 37 1.12[0.85 - 1.48]
Coffee intake
No 357 42 133 45 1.00 [Reference]
Yes 492 58 160 55 0.87[0.67 - 1.14]
Alcohol intake
No 468 56 173 59 1.00 [Reference]
Yes 373 44 119 41 0.86 [0.66 - 1.13]
Antenatal classes attendance
No 436 51 195 66 1.00 [Reference]
Yes 417 49 102 34 0.55[0.42 - 0.72]

APercentage may not add to 100 because of rounding or missing information for some subjects; *Only in multiparae.

no significant association was observed between LTPA and SGA: however, a small association between SGA
and walking was observed in multivariate analysis.

In Table 5, adjusted odds ratios [95% CI] of preterm delivery and SGA related to the frequency of LTPA and
walking in particular during the last three months of pregnancy were reported. Preterm deliveries were signifi-
cantly less frequent in women practicing LTPA, both 1 - 2 times/week and >3 times/week. Regarding to walking,
a protective relationship against preterm delivery was confirmed, above all in women practicing walking 3
times/week.

After controlling for confounding variables (low birth weight, active smoking, coffee) no significant adjusted
ORs were evidenced between LTPA and SGA when the frequency of LTPA and walking (1 - 2 times/week and

>3 times/week) was taken into account.
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Table 2. Distribution of SGA cases and controls according to maternal characteristics, reproductive history and maternal
life-style habits in Italy.

Controls n = 855 SGA cases n = 364
: o : % oRlaO

Maternal characteristics
Maternal age (years)

<20 13 1 10 3 1.73[0.74 - 4.04]

21-30 333 39 148 41 1.00 [Reference]

31-40 495 58 198 54 0.90[0.70 - 1.16]

>40 13 1 7 2 1.21[0.47 - 3.10]
Partner

Yes 816 96 342 94 1.00 [Reference]

No 34 4 20 5 1.40[0.80 - 2.47]
Education

Primary/middle school 246 29 114 38 1.00 [Reference]

High school 417 49 176 59 0.91[0.69 - 1.21]

University 191 22 68 23 0.77 [0.54 - 1.10]
Employment during the last three months

No 240 29 105 30 1.00 [Reference]

Yes 587 71 244 70 0.95[0.72 - 1.25]
Reproductive history
Newborn sex

Males 413 48 157 43 1.00 [Reference]

Females 442 52 207 57 1.29[1.00 - 1.66]
Parity

Primiparae 424 50 220 61 1.00 [Reference]

Multiparae 428 50 138 38 0.62[0.48 - 0.80]
Previous preterm deliveries®

No 386 91 108 79 1.00 [Reference]

Yes 38 9 29 21 2.73[1.61-4.63]
Previous SGAS

No 343 96 79 81 1.00 [Reference]

Yes 15 4 19 19 5.50 [2.68 - 11.30]
Miscarriages®

No 285 67 75 55 1.00 [Reference]

Yes 140 33 62 45 1.68[1.14 - 2.49]
Stillbirth®

No 418 99 134 98 1.00 [Reference]

Yes 5 1 3 2 1.87[0.44 - 7.93]
Diabetes

No 838 99 348 99 1.00 [Reference]

Yes 10 1 4 1 0.96 [0.30 - 3.09]
Hypertension

No 820 96 345 95 1.00 [Reference]

Yes 32 4 19 5 1.41[0.79 - 2.52]
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Continued

Maternal life-style habits

Active smoking before pregnancy

No 595 70 228 63 1.00 [Reference]

Yes 259 30 131 36 1.32[1.02-1.71]
Active smoking in the last three months of pregnancy

No 721 85 256 71 1.00 [Reference]

Yes 125 15 102 28 2.30[1.71-3.10]

Environmental tobacco smoke exposure

No 555 65 199 58 1.00 [Reference]

Yes 295 35 141 41 1.33[1.03-1.72]
Coffee intake

No 357 42 116 35 1.00 [Reference]

Yes 492 58 219 65 1.37[1.05-1.78]

Alcohol intake

No 468 56 203 61 1.00 [Reference]

Yes 373 44 130 39 0.80 [0.62 - 1.08]
Antenatal classes attendance

No 436 51 181 51 1.00 [Reference]

Yes 417 49 175 49 1.01[0.79 - 1.29]

APercentage may not add to 100 because of rounding or missing information for some subjects. 3Only in multiparae.

Table 3. Unadjusted and adjusted odds ratios (OR) [95% confidence intervals] of preterm delivery related to LTPA during
the last three months of pregnancy.

Cases n =299

Controls n = 853 Unadjusted ORs Adjusted ORs*
n 0N n 0N [95% CI] [95% CI]

LTPA

No 604 71 244 82 1.00 [Reference] 1.00 [Reference]

Yes 249 29 54 18 0.54[0.39 - 0.75] 0.56 [0.39 - 0.79]
Swimming

No 763 89 279 94 1.00 [Reference] 1.00 [Reference]

Yes 90 11 19 6 0.58[0.35 - 0.96] 0.71[0.42 - 1.21]
Walking

No 678 79 261 88 1.00 [Reference] 1.00 [Reference]

Yes 175 21 37 12 0.55 [0.37 - 0.80] 0.53[0.36 - 0.81]
Sports/exercise

No 833 98 296 99 1.00 [Reference] 1.00 [Reference]

Yes 20 2 2 1 0.28 [0.06 - 1.21] 0.28 [0.06 - 1.16]
Biking

No 839 98 293 98 1.00 [Reference] 1.00 [Reference]

Yes 14 2 5 2 1.02 [0.36 - 2.86] 1.32 [0.46 - 3.82]
House-work and gardening

No 791 93 276 93 1.00 [Reference] 1.00 [Reference]

Yes 57 7 20 7 1.00[0.59 - 1.70] 0.96 [0.54 - 1.70]

“adjusted for maternal age, previous preterm deliveries, hypertension, diabetes and active tobacco smoke during pregnancy.
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Table 4. Unadjusted and adjusted odds ratios (OR) [95% confidence intervals] of SGA related to LTPA during the last three
months of pregnancy.

Controls n =853

Cases n =364 Unadjusted ORs Adjusted ORs"
n on n on [95% CI] [95% CI]

LTPA

No 604 71 261 73 1.00 [Reference] 1.00 [Reference]

Yes 249 29 97 27 0.90 [0.68 - 1.19] 0.87 [0.65 - 1.16]

Swimming

No 763 89 314 88 1.00 [Reference] 1.00 [Reference]

Yes 90 11 44 12 1.19[0.81 - 1.74] 1.17[0.78 - 1.75]
Walking

No 678 80 299 83 1.00 [Reference] 1.00 [Reference]

Yes 175 20 59 17 0.76 [0.55 - 1.06] 0.72[0.51 - 1.00]
Sports/exercise

No 833 98 349 97 1.00 [Reference] 1.00 [Reference]

Yes 20 2 9 3 1.07[0.48 - 2.38] 1.05[0.47 - 2.38]
Biking

No 839 98 354 99 1.00 [Reference] 1.00 [Reference]

Yes 14 2 4 1 0.68[0.22 - 2.07] 0.78[0.25 - 2.44]
House-work and gardening

No 791 93 331 93 1.00 [Reference] 1.00 [Reference]

Yes 57 7 25 7 1.05[0.64 - 1.71] 1.11[0.67 - 1.84]

“adjusted for maternal age, previous preterm deliveries, hypertension, diabetes and active tobacco smoke during pregnancy.

Table 5. Adjusted odds ratios [95% ClI] of preterm delivery and SGA related to the frequency of LTPA and walking in par-
ticular during the last three months of pregnancy.

Controls Preterm delivery SGA
LTPA (times/week) n % n % Adgg;todeOI]Rs° n % Adg;;;dc(?]Rs*
No 604 71 244 82 1.00 [Reference] 261 73 1.00 [Reference]
1, 2 times/week 83 10 16 5 0.50 [0.27 - 0.90] 32 9 0.96 [0.61 - 1.51]
>3 times/week 166 19 38 13 0.59 [0.39 - 0.88] 65 18 0.82[0.59 - 1.16]
Walking (times/week]
No 678 72 261 88 1.00 [Reference] 299 83 1.00 [Reference]
1, 2 times/week 43 5 14 5 0.85[0.44 - 1.67] 12 3 0.65 [0.33 - 1.26]
>3 times/week 132 15 23 8 0.4410.27 - 0.71] 47 13 0.74[0.51 - 1.07]

“adjusted for age, active smoking, other preterm delivery, hypertension, diabetes; “adjusted for other low birth weight, active smoking, coffee.

4. Discussion

The present study shows that women who have performed physical activity as LTPA mainly walking in the late
period of pregnancy are at substantially lower risk of preterm delivery compared to women who are less active.



G. Fantuzzi et al.

The results of our study are in agreement with some large prospective cohorts when comparing the same pe-
riod of pregnancy. Findings from a study performed in Brazil on preterm delivery showed that LTPA during the
third trimester was associated with a lower chance of preterm birth [6]. Moreover, mild physical activity during
the second trimester of pregnancy such as walking shows an independent protective effect on low birth weight,
preterm birth, and intrauterine growth restriction [9].

In Europe, the Norwegian Mother and Child Cohort Study showed that women exercising three to five times
per week at 30th week of gestation had significantly reduced risk of preterm birth (adjusted OR = 0.74, 95% CI
= 0.65 - 0.83) compared to non-exercisers [8]. Very similar results have been observed also in the Danish Na-
tional Birth Cohort where a reduced risk of preterm birth among women who engaged in some kind of exercise
during pregnancy, even at the lowest level, in comparison with non-exercisers was evidenced (hazard ratio: 0.82,
95% C.1.: 0.76 - 0.88) [5].

In our study, the slight but not significant protective effect against the risk of SGA is in agreement with the
results from the Danish National Birth Cohort where in the exercising women a slightly decreased risk of having
a child small for gestational age (hazard ratio = 0.87, 95% CI 0.83 - 0.92) was observed [23]. Other studies sug-
gest that recreational physical activity is associated with a protective effect against SGA when practiced at a
medium range of frequency (for instance 3 - 4 times a week) while either a high or low frequency of physical
activity may be at risk of SGA [16]. A recent cohort study among predominantly Puerto Rican women evi-
denced that a high total physical activity in mid-pregnancy was associated with a decreased risk of SGA (RR =
0.42; 95% CI 0.21 - 0.82) as compared to those with low total activity: however, high levels of sports/exercise
were associated with an increased SGA risk (RR = 2.14, 95% CI 1.04 - 4.39) [23]. No association between
sports and LTPA and low-birthweight was recently found in a large population based study in Sweden where
4458 healthy women who delivered after 37th completed gestational weeks were involved [14].

Our study has some strengths. First of all, it has been carried out nationwide involving Italian subjects from
North to South and Sicily, resident in Italy. Moreover, the enrolment of cases and controls has reached a high
coverage (100% of births in 5 cities and from 40 to 60% in the remaining 4) and the participation rate was high
as well (96%), with no difference between cases and controls. In this way, selection bias was controlled.

Within our sample, LTPA was practiced in 29% of control subjects: this value is in agreement with the data
reported in the Danish cohort by Juhl et al. [5] while higher than those reported by Haastad et al. in Norway,
where less than 11% were defined as regular exercisers in the third trimester [24]. A very low prevalence value
(4%) of LTPA during the 3 trimester was reported in a Brazil cohort study [6]. However, women characteristics
such as race, income and style-life habits could explain the observed differences. Information bias in the classi-
fication of cases could be excluded as preterm delivery and SGA cases were confirmed by medical records.
Moreover this kind of data may suffer from reporting bias because of social desirability and/or poor recall:
however, the interlapsed time is short and misclassification may be not significant.

In the present study a variety of potential confounding factors was taken into account; however, residual con-
founding may still be present. First of all the assessment of LTPA is based on self-reported questionnaire. It is well
known that it may be an important source of potential bias: however, our results are similar to those provided by
other investigators. They suggest that the relation between physical activity and pregnancy outcomes is robust, and
can be detected even when physical activity is measured using relatively imprecise techniques. Of particular con-
cern, we cannot exclude that the observed association between LTPA and pregnancy outcomes is confounded by
maternal weight gain during pregnancy, variable which we were not able to control for in the analysis.

A limitation of any study on physical activity during pregnancy is that women whose previous pregnancies
resulted in preterm birth or other negative outcomes are more likely to avoid physical efforts. In our study when
the sensitivity analysis was performed taken into account women without previous preterm deliveries only, the
results of the study were confirmed: however residual confounding could exist and not controlled for.

Moreover, women who are active during the third trimester may represent a very specific group of women
who are willing to exercise and likely to adopt several other healthy habits. Unfortunately, these aspects cannot
be controlled for in this study. Regarding to biological plausibility, LTPA during pregnancy could decrease the
risk of preterm delivery by improving placentation and vascularization while reducing oxidative stress [25] [26].

5. Conclusion

In conclusion, because no harm or risk increase was detected among women who exercised, and physical activ-
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ity throughout life is considered a healthy behaviour, LTPA during the whole pregnancy, the last period in-
cluded, should be encouraged during prenatal care visits. This is in agreement with the American College of
Obstetricians and Gynaecologists guidelines (2002) that recommend that women with no contraindications
should be advised to practice physical activity during the whole pregnancy [27].
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