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Abstract
Introduction: we evaluated the utility of bioimpedance analysis and the SenseWear armband for monitoring gestational 

weight gain (GWG) in overweight/obese pregnant women.

Materials and methods: Sixty overweight/obese pregnant women were recruited and advised to follow a physical 
activity (PA) program (sessions gradually increasing to 30 minutes of mild physical activity intensity per day at least 4-5 
days a week) with caloric restriction (1500 kcal/day + 200 kcal/day for obese and 300 kcal/day for overweight women). 
Weight, GWG and body composition were measured at enrollment (within the 12th week of gestation), at the 16th, 20th, 32nd, 
and 36th week, at delivery and 12 weeks after delivery using BIA. The patients were also instructed to wear the SWA, for 5 
consecutive days, at enrollment, and at the 20th and 36th weeks of gestation. 

Results: GWG at delivery was 12.6 ± 5.4 kg for overweight, 9.0 ± 8.0 kg for obese women and 3.3 ± 5.3 kg for 
morbidly obese women. Nine overweight (60.0%), 22 obese (66.7%) and 10 morbidly obese (90.9%) women remained 
within the Institute of Medicine recommended ranges at delivery. Overall percentual body composition changed significantly 
throughout pregnancy, (fat-free mass: 53.4 ± 6.1 to 56.9 ± 6.5; FM = 40.9 ± 12.8 to 44.1 ± 11.8, p < 0.05). Logistic regression 
analysis showed that women who adhered to the prescribed diet achieved a lower GWG (CI 95% = -1.65-0.54; r = -1.10, 
p = 0.001). 

Conclusion: The efficacy of the intervention depends directly on the adherence to the prescribed diet and PA program.
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Key Message Box
A low glycemic diet with a caloric restriction associated with 

moderate physical activity can reduce weight gain during pregnancy 
in overweight/obese women. The efficacy of the intervention depends 
directly on the adherence to the prescribed diet and physical activity.

Introduction
The Institute of Medicine (IOM) in 2009 updated the guidelines 

for GWG for different BMI categories [1] while emphasizing the 
importance of PA and diet for weight control. Several studies suggest 
that appropriate GWG is associated with an optimal delivery outcome 
both for mother and child [2,3]. On the other hand, an excessive GWG 
is associated with an increased risk of complications during the prenatal 
period [3] and at delivery. Moreover, excessive GWG is a risk factor 
for the development of maternal diseases later in life (i.e. diabetes, 
hypertension, breast cancer) as well as cardio-vascular diseases of the 
newborns during their adulthood [4]. 

Despite both ACOG and ACSM [5,6] recommend a certain amount 
of PA during pregnancy, several studies on GWG both in the US and 
Europe indicate that only a small sample of women remain within the 
IOM recommendations [7,8]. Moreover, according to the most recent 
Cochrane review [9], interventions to prevent and/or limit extra GWG 
have not been adequately evaluated. Indeed, only a few studies have 
included both diet and PA in their intervention program. In a previous 
paper, we demonstrated that a multilevel intervention (including 

caloric restriction, changes in eating behavior, and regular PA from 
the beginning of pregnancy) in obese women was able to reduce both 
GWG and related pregnancy complications [10].

In addition to measuring GWG, it is important to evaluate changes 
in body composition, in particular, differentiating between FM and 
FFM. Octapolar bioelectrical impedance analysis (BIA) allows a simple 
and reproducible method of body composition assessment in a variety 
of conditions including obesity and diabetes [11,12]. Moreover, a few 
studies have used the metabolic Holter monitors to record PA levels and 
walking steps in pregnant women [13] while others have evaluated the 
validity of the SWA to estimate energy expenditure during pregnancy 
[14]. The purpose of the present study was to evaluate the usefulness 
of tools such as the SWA and BIA in monitoring body composition 
changes of pregnant women with BMI ≥ 25 kg/m2 enrolled in a healthy 
lifestyle program designed to help them to reach an optimal GWG. 

Materials and Methods
Study design

This observational study was approved by the local Ethics 
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Committee. All volunteers gave written informed consent prior to the 
start of the study.

Pregnant women with a pre-pregnancy BMI ≥ 25 kg/m2, age >18 
years and a single pregnancy were included. At enrollment, an accurate 
obstetric and lifestyle history was collected and FFQ for investigate 
eating habits before starting a proper nutrition was filled-in. None 
among the patients followed a diet prior to enrollment or a physical 
activity program. Moreover, it was the first experience with a dietitian 
for each of them. 

They were enrolled within the 12th week of gestation at the Obstetric 
Unit of Policlinico Hospital - University of Modena, and were scheduled 
for specific follow-up appointments at the 16th, 20th, 32nd and 36th weeks 
of gestation to evaluate the adherence to the program. Each visit was 
carried out with a gynecologist and dietitian simultaneously present.

Exclusion criteria were: multiple pregnancy, chronic disorders (i.e., 
diabetes mellitus, hypertension, and untreated thyroid diseases), GDM 
in previous pregnancies, a smoking habit, intake of dietary supplements 
or herbal products known to affect body weight, contraindications for 
exercise [5] and intent to deliver outside our Birth Center. 

Every subject received care in the Antenatal Clinics of Modena 
National Health System. Two ultrasound examinations and at least 5 
antenatal obstetric evaluations until term were routinely provided. 

Blood pressure, weight (Wt) and height (Ht) were measured and 
BMI was calculated. At enrollment, at each follow-up visit and 12 
weeks after the delivery, Wt and specific body composition changes 
were measured using the BIA. Body Wt was also measured at delivery. 
Postpartum Wt retention was calculated as the difference between Wt 
before pregnancy and 12 weeks after delivery. At enrollment, each 
subject completed a food frequency questionnaire (FFQ) and the 
dietitian and gynecologist provided caloric restriction instructions and 
explained the PA program. FFQ was completed again at the 36th week 
of gestation to evaluate any change in eating habits. The patients were 
instructed to wear the SWA, continuously for five whole consecutive 
days (from Thursday morning to Monday evening), at enrollment, at 
the 20th and at the 36th week of gestation. 

All participants were advised to participate in sessions of at least 15 
minutes gradually increasing to 30 minutes of mild intensity PA per day 
at least 4-5 days a week according to ACOG and ACSM [14].

Food frequency questionnaire (FFQ)

The FFQ included questions about specific food items, such as 
the frequency of sauce consumption, the fat content of several food 
items, and seasonal consumption of fruit and vegetables. Questions 
about general patterns of consumption of the main food groups (bread, 
luncheon meat and cheese on bread, meat, fruit, and vegetables) at the 
end of the FFQ were used to adjust the consumption patterns that were 
reported when several single food items from these food groups were 
requested. The development, reproducibility, and validity of the FFQ 
were described in previous studies [15,16].

Dietary intervention 

The lifestyle program started with a one-hour multidisciplinary 
counseling session (carried out by both the dietitian and gynecologist) 
about the importance of reaching an appropriate GWG according to 
the Institute of Medicine – IOM-guidelines [1] and on the benefits 
of a healthy lifestyle. The proposed nutritional intervention was a 
hypocaloric, low-glycemic (low-GI) diet consisting an average intake 
of 1500 kcal/day, which corresponded approximately to the baseline 

metabolism of a pregnant woman. In view of the PA program, the 
dietitian added 200 kcal/day for obese and 300 kcal/day for overweight 
women [17]. The target macronutrient composition was arranged as 
follow: 55% carbohydrate (80% complex with low glycemic index and 
20% simplex), 20% protein (50% animal and 50% vegetable) and 25% 
fat (12% monounsaturated, 7% polyunsaturated and 6% saturated) with 
moderately low saturated fat levels. The daily calories were divided into 
small frequent meals to avoid ketonuria and acidosis, which often occur 
following prolonged fasting. The daily intake of carbohydrates was at 
least 225 g/day (the minimum daily intake to prevent ketosis is 180 g/
day) [17,18]. The dietitian encouraged a wide consumption of fresh 
vegetables and fruit, cereals, legumes, and fish, with olive oil as the main 
source of fat and moderate consumption of red wine, in harmony with 
the Mediterranean eating habits.

Mediterranean style is characterized by the wide consumption of 
plant foods, cereals, legumes, fish and olive oil as the main source of fat 
and moderate red wine consumption; for each meal or snack pregnant 
women have several alternatives all suitably calibrated. However, the 
dietitian customized the caloric restriction at light of the different 
ethnicities or of the intensity of the PA exerted by each patient. 

The dietary intervention, previously used by our research group 
[10], was introduced to the pregnant women at the first visit in the 
presence of both a gynecologist and a dietitian and further detailed 
through a one hour counseling session about the appropriate GWG at 
term for each BMI category as recommended by IOM [1]. The primary 
focus of the dietary intervention was decreasing consumption of 
foods with a high glycemic index and substituting them with healthier 
alternatives (fresh fruit and vegetables with low glycemic index). 
The second goal was to redistribute the number of meals throughout 
the day and to include the last snack two hours after dinner to avoid 
hypoglycemia during the night.

Diet adherence score 

The degree of adherence to the official guidelines of the Health 
Ministry for Physiological Pregnancy Healthy Eating recommended 
by the Italian National Institute of Health (ISS) (www.snlg-iss.it/cms/
fails/lg_gravidanza.pdf 2011) [16,18], was measured by means of a diet 
adherence index. The adherence to the diet was assessed using FFQ as 
a reference. Each question of the FFQ was assigned, by the dietitian, an 
answer and a numerical value from 0 to 2. The patients responses to 
the FFQ allowed us to quantify how they followed the diet because the 
questionnaire takes into account most of the dietary components: total 
fruit, total vegetable, total grain (pasta and bread), dairy products (all 
milk products includes yogurt,), animal protein (meat, fish, processed 
meat, eggs, cheese), vegetable protein (legumes), salty-snacks (crackers, 
breadsticks), drinks, added sugar (cake, ice-cream, dessert, cookies), 
and oils and saturated fats (butter, margarine, cream). For most dietary 
components an increasing score indicated increasing consumption, 
whereas, for a few of them, an increasing score indicated decreasing 
consumption, as shown in Table 1. Scores ranged between 0 and 144. 
We divided the patients into three numeric groups. Scores between 96-
144 confirmed that the women were following the diet, an intermediate 
score (45-95) indicated that the diet was being followed but with a few 
mistakes in choosing suggested nutrients, especially low consumption 
of fruits and vegetables and large consumption of sugar foods, those 
that have a low score (0-47) did not follow the diet. 

Anthropometry

Wt was measured to the nearest 100 g and Ht to the nearest 0.1 
cm using BIA (TANITA, BC418 Tokyo, Japan) and a stadiometer, 
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respectively. BMI was calculated as Wt(Kg)/Ht(m2).

Bioelectrical impedence analysis (BIA) 

Whole and regional body impedance was measured using an eight-
polar tactile-electrode BIA (BIA, TANITA, BC418 Tokyo, Japan). This 
instrument makes use of 8 tactile electrodes: two are in contact with the 
palm and thumb of each hand and two with the anterior and posterior 
aspects of the sole of each foot. The subject stands with his soles in 
contact with the foot electrodes and grabs the hand electrodes. No 
precaution was taken to standardize the subject’s posture before BIA, as 
suggested by the manufacturer. This BIA measured the resistance, at 5, 
50, 250 and 500 kHz frequencies, of arms, legs and trunk. Whole-body 
resistance was calculated as the sum of each segmental resistance (right 
arm + left arm + trunk + right leg + left leg). We obtained the equivalent 
FM and FFM (which included body water) in different regions (arms 
and legs) and in the whole body. The BIA analyzer computed resistance 
and reactance, which can be used to calculate the fluid changed in 
body. Previous study showed that BIA is useful in estimating body 
fluid during pregnancy [19] and commonly used in studies on energy 
balance in pregnancy [20]. Measurements were performed in the 
morning at room temperature (21°C), after at least 12 hours of rest, and 
following an overnight fast.

SenseWear Armband (SWA) and physical activity assessment

According to the manufacturer’s instructions, the SWA was placed 
over the triceps muscle of the right arm, at the midpoint between 
the acromion and olecranon processes, of all participants during 
monitoring. We have used the SWA in previous studies [21,22]. The 
SWA is a portable sensing device, 8.8 × 5.6 × 2.1 cm in size and 82 
g in weight that can provide information regarding the total energy 
expenditure and circadian rhythm. The sensors in the SWA measure 
skin temperature, galvanic skin response, heat flux from the body, and 
movement. Subsequently, these data are processed by advanced algorithms 
to calculate and report total energy expenditure, metabolic PA, and sleep 
duration in a free-living environment. SWA’s sensors provide an ideal 
combination of physiologic data collectors with respect to sleep parameters 
[23]. Participants wore SWA for five consecutive days (from Thursday 
morning to Monday evening, 24 hours/day). Data from the SWA were 
analyzed by algorithms using Body Media® InnerView® Research Software 
(version 6.1) provided by BodyMedia, Inc. 

Exercise intervention focused on increasing walking and developing a 
more active lifestyle (i.e., walking rather than driving for short distances). 
Recommendations set forth by the U.S. Department of Health and Human 
Services (DHHS) in 2008 PA Giudelines for Americans state that pregnant 
women should engage in a minimum of 150 minutes of moderate-intensity 
aerobic activity a week, even if not physically active prior to pregnancy [24]. 
The American College of Sports Medicine (ACSM) currently recommends 
a minimum of 3 exercise sessions completed in at least 15 minute sessions, 
gradually increasing to 30 minutes per day, preferably all days of the week [14]. 

All participants were advised to participate minimum in 15 minute 
sessions gradually increasing to 30 minutes of mild intensity PA per day 
at least 4-5 days a week. Because of heart rate variability during pregnancy, 
women were encouraged to use the “talk test” (being able to maintain a 
conversation during activity) to monitor exercise intensity defined by 
physicians using the Metabolic Equivalent of Task (METs) [25].

Participants received a “PA diary” to record the frequency 
and duration of the activity. The SWA allowed us to verify the PA 
performance of every women and the number of steps they made. 

Statistical analysis 

A p-value of <0.05 was considered statistically significant. For 
demographic variables and body composition parameters we used 
frequencies and Student’s t-test for paired data.

Graphic analysis of linear regression was used to assess the 
adherence to the diet and the weight gained during pregnancy. Data 
are reported as the mean ± SD. Statistical analysis was conducted using 
Stata 12.0 (Stata- Corp, College Station, TX 2012)

Results
The cohort of women with BMI ≥ 25 kg/m2 was composed by 60 

subjects. Their socio-demographic characteristics are summarized in 
Table 2. Women were divided according to their pre-pregnancy BMI: 15 
were overweight (25 ≤ BMI ≤ 29.9 kg/m2), 33 were obese (30≤BMI≤39.9 
kg/m2) and 12, classified as morbidly obese, had a BMI ≥ 40 kg/m2. 
Weight increased significantly for all women during pregnancy (p < 
0.05). Overweight women increased from a pre-pregnancy weight of 
72.9 ± 4.9 kg to 85.5 ± 5.2 kg at delivery, obese women increased from 
91.6 ± 9.3 kg to 100.7 ± 10.5 kg, and morbidly obese subjects increased 
from 119.8 ± 18.7 kg to 124.1 ± 22.1 kg.

Component Maximum points Standard for maximum score Standard for minimum score of zero

Total fruit1 2 2 No fruit
Total vegetable 2 2 No vegetable

Total grain2 (bread and pasta) 2 2 No bread and pasta

Dairy3 2 1 >2 times a day
Animal protein4(meat, fish, cheese, 

processed meat, eggs) 2 1 No animal protein

Vegetable protein5 2 2 No animal protein
Salt snack 6 2 2 >2 times a day

Added sugar + Sweet snack7 2 0 >2 times a day
Olive oil 2 2 No oil

Saturated fats 8 2 0 >2 times a day
1includes fruit juice; 2includes pasta and bread; 3includes all milk products, no cheese; 4includes meat, cheese, fish, processed meat and eggs; 5includes beans and 

peas; 6includes crackers breadsticks; 7includes cake, ice-cream, dessert, cookies; 8butter, cream, margarine.

Table 1: Recommended healthy eating components and standards for scoring.
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GWG at delivery was 12.6 ± 5.4 kg for overweight, 9.0 ± 8.0 kg 
for obese women and 3.3 ± 5.3 kg for morbidly obese women. Nine 
overweight (60.0%), 22 obese (66.7%) and 10 morbidly obese (90.9%) 
women remained within IOM recommended ranges [1].

Overall, percentual body composition changed significantly 
throughout pregnancy (FFM% = 53.4 ± 6.1 to 56.9 ± 6.5; FM% = 40.9 
± 12.8 to 44.1 ± 11.8, p = 0.0001). Changes based on BMI categories 
are reported in Table 3. When measured at enrollment and at the 36th 
week of gestation, morbidly obese women showed the lowest increase 
in FM and FFM (2.1% and 5.6%, respectively) compared to overweight 
women (FM: 18% and FFM: 9.1%). Using BIA, we also measured and 
compared FFM and FM in every single region (trunk, arms and legs) 
and the results confirmed those obtained in the whole body analysis 
(data not shown). 

In morbidly obese women, in contrast to overweight and obese women, 
percentual FM increase in the legs was not significant (23.7 ± 4.9 at the first 
visit; 25.2 ± 7.1 at the last visit) although it did increase significantly in the 
arms (9.02 ± 2.1 at the first visit; 11.4 ± 3.5 at the last visit; p = 0.03). 

Dietary habits during the first trimester, before the intervention 
took place, deviated from the Italian recommendations. Mean daily 
intakes of fat and saturated fat were above the range of 25% and 9%, 
respectively, that is recommended; similarly, the intake of simplex 

carbohydrates was, for most of the women, above the range of 20% 
of energy intake. Significant changes in eating habits occurred in our 
study population as supported by the dietary adherence score (Table 3). 
An increase in the consumption of fruit, vegetable, vegetable protein, 
olive oil, and fish with a decreased intake of high caloric food, sweet 
food and saturated fats was reported. Logistic regression, adjusted for 
confounding factors (age recruitment, education level and job) showed 
that women who closely adhered to the prescribed diet achieved a lower 
GWG (CI 95% = -0.15 -0.06; r = -0.046; p = 0.378) (Figure 1). 

None contraindication to stop PA in our population during 
pregnancy was recorded. The number of steps, measured by SWA, 
did not change significantly during pregnancy even after considering 
the three BMI subgroups (Table 4). The time spent for PA remained 
constant with the exception of women with 30 ≤ BMI ≤ 40 kg/m2 who 
showed a trend towards decreased PA time (p = 0.07). 

The intensity of PA, measured in METS, remained constant during 
pregnancy for each groups. The time that pregnant women spent lying 
down decreased while the time spent sleeping did not change during 
pregnancy for all groups (Table 4). Overall 41/60 women increased 
their Wt according to IOM recommendations. As reported in Table 3, 
this corresponds to those women who showed a greater adherence to 

BMI categories 25 ≤ BMI ≤ 29.9 30 ≤ BMI ≤ 39.9 BMI ≥ 40
Number 15 33 12

Age 31.3 ± 3.6* (range 26-38) 32.0 ± 4.9 (range 20-42) 30.0 ± 5.6 (range 21-42)

Ethnicity

Caucasian 11 (73.3%)** Caucasian 29 (87.9%) Caucasian 10 (81.8%) 

Maghreb 3 (20.0%) Maghreb 4 (12.1%) Maghreb 1 (9.1%) 

African 1 (6.7%) African 1 (9.1%)

Education Low-Middle School 13 (86.7%) Low-Middle School 22 (66,7%) Low-Middle School 11 (100%)

Job

Housewife 2 (13.3%) Housewife 3 (9.1%) Housewife 8 (72.7%) 

Handiwork 5 (33.3%) Handiwork 15 (45.5%) Handiwork 1 (9.1%) 

Sedentary work 8 (53.3%) Sedentary work 15 (45.5%) Sedentary work 3 (18.2%)

Nulliparity 9 (60%) 13 (39.4%) 6 (54.5%)

Pre-pregnancy Wt(kg) 74.3 ± 4.7 91.6 ± 9.3 119.8 ± 18.7

Wt @delivery 85. 5 ± 5.2*** 100.7 ± 10.5*** 124.1 ± 22.1***
GWG @delivery 12.6 ± 5.4 9.0 ± 8.0 3.3 ± 5.3 
FM @ enrollment 28.3 ± 4.9 40.2 ± 5.6 60.0 ± 11.7

FM(kg) @ 16thweek 28.5 ± 4.5 40.0 ± 5.6 58.6 ± 11.5***
FM(kg) @ 20thweek 30.7 ± 4.6*** 41.2 ± 5.9 59.1 ± 12.2

FM(kg) @ 32ndweeks 32.7 ± 3.9*** 42.4 ± 5.8*** 61.3 ± 12.6***
FM(kg) @ 36thweeks 33.4 ± 2.6*** 43.1 ± 6.07*** 61.3 ± 14.5

% of increase between @enrolled-
36thweeks 18% 7.2% 2.1%

FFM @ enrollment 47.2 ± 3.7 53.8 ± 4.0 60.1 ± 5.8
FFM(kg) @ 16thweek 48.0 ± 3.7 54. 6 ± 4.3*** 61.2 ± 6.8
FFM(kg) @ 20thweek 49.2 ± 3.5*** 55.2 ± 4.6*** 61.1 ± 6.6***

FFM(kg) @ 32ndweeks 49.4 ± 3.5*** 55.9 ± 5.0*** 61.7 ± 7.4***
FFM(kg) @ 36thweeks 51.5 ± 3.1*** 57.1 ± 5.3*** 63.5 ± 7.2***

% of increase between @enrolled-
36thweeks 9.1% 6.1% 5.6%

*Values are expressed as the Mean ± SD; **Numbers with % in brackets; ***p<0.05.

Table 2: Socio-demographic characteristics and body composition compartments of the participants: body Wt, FM and FFM (in kg) measured by BIA at the 1th visit, at 16th, 
at 20th, 32nd and 36th week.
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Dietary Adherence 
Score Low (0-47) Moderate (48-95) High (96-144)

Women @ 12th week 34(57.6%) 20(32.3%) 6(10.1%)

Women @ 36th week 7(11.8%) 14(22.1%) 39(66.1%)

Table 3: Degree of adherence to the Official Guidelines of Health Ministry for 
Physiological Pregnancy Healthy Eating Recommended for pregnant women at 12 
and 36 weeks of gestation.

Figure 1: Logistic regression: X = diet adherence (score); Y = GWG (kg) 
during pregnancy shaved area: CI 95% = -1.65-0.54 (r = -1.103, p = 0.001).

BMI categories 25 ≤ BMI ≤ 
29.9

30 ≤ BMI ≤ 
39.9 BMI ≥ 40

Steps count @ enrollment 7152 ± 3612 8248 ± 3023 7631 ± 3314
Steps count @ 36thweek 6480 ± 2680 7115 ± 3554 5972 ± 2899
Physical Activity Time @ 

enrollment (minutes) 39 ± 20.7 55 ± 27.8 37.7 ± 19.7

Physical Activity Time @ 36thweek 
(minutes) 41.2 ± 23.2 42.1 ± 32.2* 28.8 ± 21.8

METs (kcal/BW-kg/hours) @ 
enrollment 1.3 ± 0.14 1.13 ± 0.14 1 ± 0.15

METs (kcal/BW-kg/hours) @ 
36thweek 1.19 ± 0.15 1.09 ± 0.14 1.06 ± 0.32

Time Lying @ enrollment (minutes) 532 ± 945 547 ± 101 494 ± 87
Time Lying @ 36thweek (minutes) 487.2 ± 135 495 ± 134 483 ± 68

Sleep time @ enrollment (minutes) 403 ± 67 407.4 ± 84 384 ± 107
Sleep time @ 36thweek (minutes) 376 ± 123 372. ± 122 374 ± 62

*p<0.05

Table 4: Time lying, sleep time, physical activity time, step counting and METS 
measured by SWA.

the diet prescribed. Moreover, they also showed a smaller increase in 
FM (Δ = 1.5 kg) compared to those with an excessive GWG (Δ = 6.9 
kg). Both groups, however, showed comparable increases in FFM.

At the planned follow up three months after delivery, only 31/60 
women came back to the planned visit, then evaluated (52.5%). 
Overweight women showed a significant increase in Wt (74.3 ± 4.7 vs 
78 ± 6.2, p = 0.042) while women with BMI ≥ 30 did not (97.8 ± 13.4 to 
98.2 ± 13.4, p = NS).

None women studied presented a detectable ketonuria during 
pregnancy. 

Discussion
We developed a behavioral intervention to improve eating habits 

in women with pre-pregnancy BMI ≥ 25 kg/m2. Intervention included 
education and behavioral strategies to promote a healthy lifestyle 
through proper nutrient intake and a PA program. We found that 
greater adherence to our prescribed intervention was associated with a 
lower GWG that remained within IOM recommendations [1]. 

A critical issue with interventions that target behavioral changes is 
adherence to the program. In many studies, follow-up is not rigorous 
and only consists of phone calls, self-reported monitoring, and group 
sessions, etc. [26-28]. In our program, monitoring through well-defined 
follow-up visits planned at the first meeting, as well as early pregnancy 
counseling with a dietitian, helped the participants to better adhere to 
the program. 

By using SWA, it was possible to assess for consistent participation 
in a regular PA program. Every woman regularly spent time practicing 
PA (except for women with 30 ≤ BMI ≤ 40 kg/m2) as shown by the 
constant number of steps, time spent lying, sleep time from first 
trimester to term. This underlines that these pregnant women had not 
had a sedentary lifestyle during pregnancy and possibly could justify 
the limited GWG at term. Indeed more than 60% of women in our 
study met the IOM recommendations for GWG, in particular, morbidly 
obese patients. Body composition changes indicated that the FM did 
not increase in morbidly obese women. The success in this particular 
group seems to be related not only to greater adherence to the diet but 
also to the PA that they regularly practiced, as demonstrated by the 
unchanged FM in their legs.

The efficacy of our intervention is supported by the significant 
changes in eating behavior as measured by FFQ analysis and the diet 
adherence score. At enrollment, women had a diet that was inclined 
towards the consumption of food not suitable for their gestation. Many 
of them did not have breakfast or lunch, and the consumption of fruits, 
vegetables, and legumes was rare and often replaced with unhealthy 
foods (high-caloric snacks, sweets, sodas, processed meat). Near term, 
pregnant women increased consumption of vegetables, at every meal, 
and fruits, while they decreased the intake of sugar especially candy and 
cold cuts, thus increasing their adherence to the prescribed diet. 

Such changes in dietary habits are of paramount importance 
because it is directly correlated with the main outcome, i.e., meeting the 
recommended GWG. Moreover, those women who maintained a GWG 
that was within IOM recommendations showed a reduced increase of 
FM. The limitations of this study include the small sample size, which 
cannot take into account the heterogeneity of our population (ethic 
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group and sociocultural status). There are several factors involved in 
our decision about the sample size. First, it was clear the inadequate 
eating habits and the sedentary life-style of such at risk population, thus 
we were conscious that it would not be easy recruit and maintain at 
follow-up a large sample of women. In fact, try to change so widely 
the wrong eating habits in an adult population are a goal not so easy to 
reach. Another important factor to take into account is the difficulties 
to explain the importance of a certain amount of PA in women wont to 
spend the most of the time sleeping or watching television. 

Further, the several follow-up visits at Policlinico Hospital, added 
to the scheduled obstetric visits of the National Health System, are 
object of losses at follow-up and poor compliance, namely in this kind 
of sedentary population that underestimate the risks related to their 
high body weight and to the excessive GWG. However, neither BMI, 
weight nor GWG reflect the subtle changes in body composition during 
pregnancy [20], namely the FM and FFM, because the GWG itself has 
to be considered as a composite parameter, since it accounts for the 
growing products of conception and enlarging uterus beside maternal 
weight increase. The evaluation of these components and their 
modifications could be of the utmost importance during pregnancy, 
since they can vary on an individual basis, thereby affecting GWG to 
a variable degree. Nowadays, there aren’t studies evaluating the BIA 
during the different trimesters of pregnancy in obese women with the 
purpose of monitoring the FM and FFM increase, since the most of 
them namely consider the total body water [29-32]. Moreover, there are 
not so many studies evaluating both the adherence to a proper nutrition 
and the PA in obese pregnant women, namely through respectively 
FFQ and SWA. 

Thus, we considered to enroll a small sample of women assuming 
that it was enough to evaluate the usefulness of emerging tools such as 
the SWA and BIA in monitoring body composition changes, since not 
employed in clinical practice. 

Another limitation is the lack of evaluation of total body water, 
which has been reported in other studies although only in non-obese 
people [29,30]. Moreover we can’t exactly quantify the fetus contribution 
to changes in body composition, even if other authors previously 
confirmed the progressive expansion of all body compartments during 
pregnancy and the positive correlation of total body water with birth 
weight [19,20,29,30]. The strength of this study is the focus on the issue 
of adherence to a prescribed program; both PA and diet, with a strict 
follow up schedule.

In conclusion this study demonstrates that early pregnancy 
promotion of healthy diet and PA provided by a team of gynecologists 
and dietitians helps women with a pre-pregnancy BMI ≥ 25 kg/m2 
to achieve the recommended GWG, particularly in morbidly obese 
patients. The efficacy of the intervention was directly dependent upon 
adherence to the prescribed diet and PA program. We found high-
quality evidence that diet or exercise interventions, or both, help to 
reduce excessive weight gain in pregnancy. They may also reduce 
caesarean deliveries, especially with combined diet and exercise 
interventions, and maternal hypertension.

Moderate-intensity exercise appears to be an important part of 
weight-control strategies in pregnancy; however, more research is 
needed on side-effects to inform safe guidelines [31,32].
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