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Abstract  

 

Introduction 

This study investigates the effect of home-based combined exercise 

on the transforming growth factor-β/Interleukin-17 ratio (TGF-β/IL-17) 

in maternal serum during the first, second, and third trimesters of 

pregnancy, as well as in umbilical cord blood. Thirty overweight 

pregnant women were randomly allocated to control and training 

groups. Blood samples were collected during each trimester of 

pregnancy and from the umbilical cord at birth. Fitness-related 

indicators were assessed in the mother throughout pregnancy. 

Newborn health indicators were measured at birth. The levels of IL-17 

and TGF-β were determined using enzyme-linked immunosorbent 

assay (ELISA) and specialized kits. The exercise training significantly 

reduced TGF-β levels (p=0.011, effect size=1.22) and the TGF-β/IL-

17 ratio (p=0.045, effect size=0.79) in the third trimester in mothers. 

Similarly, this ratio decreased in the fetus, accompanied by an 

increase in IL-17 levels (p = 0.038, effect size = 0.93). These immune 

changes were associated with improved maternal cardiovascular 

fitness and higher Apgar scores at 5 minutes for newborns (p<0.05). 

Obesity and excessive weight gain during pregnancy are linked to 

inflammatory responses and elevated cytokine levels, which may 

increase the risk of complications for the mother. This study highlights 

the long-term benefits of maternal exercise, evidenced by reduced 

inflammatory responses and improved neonatal health outcomes, as 

reflected in Apgar scores. 
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The global prevalence of obesity and overweight is a significant 

public health concern, with particular attention being paid to its 

rise among women of childbearing age in recent years. Obesity 

during pregnancy is associated with numerous adverse 

maternal and fetal outcomes, including an increased risk of 

complications that can disrupt normal pregnancy progression 

(Santos et al., 2019; Shin & Song, 2015). Specifically, obesity 

has been linked to alterations in immune system indicators and 

inflammatory responses, which are crucial during pregnancy 

(Bernhardt et al., 2022; Hekmatikar, Shamsi, Ashkazari, & 

Suzuki, 2021; Li et al., 2021). 

Pregnancy involves distinct inflammatory environments across 

its different stages. The first and third trimesters are 

characterized by a pro-inflammatory state, while the second 

trimester is predominantly anti-inflammatory (Mor, Cardenas, 

Abrahams, & Guller, 2011). A healthy pregnancy requires a 

carefully balanced and regulated inflammatory environment, 

but obesity during pregnancy can disrupt this balance, 

potentially leading to adverse outcomes for both the mother and 

fetus (Bodnar, Ness, Harger, & Roberts, 2005; Hauguel-de 

Mouzon & Guerre-Millo, 2006). 

One of the key regulatory factors in immune system modulation 

is transforming growth factor-Beta (TGF-β). TGF-β plays a 

critical role in regulating immune responses in leukocytes and 

vascular endothelial cells. Despite its regulatory functions, 

elevated levels of TGF-β have been implicated in the 

pathogenesis of various conditions, including renal and 

cardiovascular diseases (Muy-Rivera et al., 2004; Topper, 

2000). Elevated plasma TGF-β concentrations have also been 

suggested as predictors of preeclampsia, a hypertensive 

disorder of pregnancy characterized by chronic systemic 

inflammation, endothelial dysfunction, renal impairment, and 

hypertension (Djurovic et al., 1997; Muy-Rivera et al., 2004). 

Additionally, the imbalance between different T cell populations, 

particularly the balance between Th1 and Th2 cells, has traditi- 
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-onally been considered important in pregnancy outcomes (Saito, 

Tsuda, & Nakashima, 2023). However, recent studies have 

highlighted the role of T helper 17 (Th17) cells and the systemic 

cytokine interleukin-17 (IL-17) in the pathogenesis of various 

diseases, including pregnancy-related complications (Osborne, 

Brar, & Klein, 2019; Tang & Hu, 2023). The interplay between T 

regulatory cells, cytokines such as TGF-β, and the Th17/IL-17 

axis in overweight pregnant women remains underexplored. 

Moreover, changes in immune responses observed in umbilical 

cord blood may provide insights into the future immune function 

of the newborn (Zhang, Guan, & Zhong, 2023). Some studies 

have suggested that physical activity can modulate cytokine 

responses in umbilical cord blood (Acosta-Manzano et al., 2019; 

Moroishi et al., 2023). However, the specific impact of different 

types of physical activity on cytokines such as IL-17 and TGF-β 

remains unclear. 

Regular physical activity has been recognized for its role in 

managing pregnancy-related complications. Even without 

significant changes in body weight, physical exercise during 

pregnancy has been shown to improve quality of life, physical 

fitness, and reduce the risk of complicated pregnancies (Kubler, 

Clifton, Moholdt, & Beetham, 2022). Home-based exercise 

programs have gained attention in recent years due to various 

barriers to traditional exercise, such as lack of time, childcare 

responsibilities, fatigue, cost, limited access to exercise facilities, 

and public health concerns such as infectious disease outbreaks 

(Chaabene et al., 2021; Mokhtarzade et al., 2021). Although 

some studies have examined the effects of combined exercise 

training on improving immune system markers in pregnant 

women, few studies have investigated the combination of 

combined home-based exercise training in overweight pregnant 

women. 

Given the potential relationship between immune system 

indicators, particularly cytokines, and maternal and fetal health in 

overweight and obese women, this study aims to investigate the 

effects of home-based exercise training during the second and 

third trimesters of pregnancy. The study focuses on maternal and 

fetal serum levels of IL-17, TGF-β, and the TGF-β/IL-17 ratio, as 

well as physical fitness-related indices including cardiovascular 

fitness, body composition, and musculoskeletal fitness in 

pregnant women. 

Materials and Methods 

Ethic and subjects 

Blood samples used in this study were obtained from participants 

of a previous clinical trial (IRCT20190410043222N1). This 

interventional, randomized clinical trial utilized convenience sam- 
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-pling, targeting overweight pregnant women aged 18–37 years 

with a pre-pregnancy BMI of 25–29.9 kg/m² or within the first 12 

weeks of gestation. Participants were enrolled between the 16th 

and 18th week of pregnancy, with eligibility criteria including 

Iranian nationality and no contraindications to physical activity, as 

per guidelines by the American College of Obstetricians and 

Gynecologists and Canadian physical activity guidelines. 

Sample size was determined using G*Power software, requiring 

30 participants to achieve 95% power and 5% Types I error. 

Participants were randomly assigned to a training group (n=15) 

or a control group (n=15). The study spanned from the 16th–18th 

week of pregnancy to delivery. Maternal blood samples were 

collected at the 16th–18th, 25th–29th, and 36th–37th weeks, 

while umbilical cord blood samples were obtained at delivery. 

Neonatal metrics (weight, height, thoracic and head 

circumferences, and Apgar scores at 1 and 5 minutes) were also 

recorded. 

The study was approved by Tarbiat Modares University’s Ethics 

Committee. Participants provided written informed consent after 

receiving detailed information on the study's objectives, 

procedures, and potential benefits. They were free to withdraw at 

any time. 

Measurements 

Anthropometrics: Height and weight were measured using a 

stadiometer and a calibrated digital scale (Seca, Germany), with 

accuracies of 0.1 cm and 0.1 kg, respectively. BMI was 

calculated, and body fat percentage was estimated using the 

three-site skinfold method with a Harpendent caliper. Waist-to-

hip ratio (WHR) was derived from circumference measurements. 

Physical Fitness: Muscular strength and endurance were 

assessed using a Jamar dynamometer. Strength was measured 

by recording the average of three maximum-effort squeezes, 

while endurance was assessed by measuring the duration of 

holding the dynamometer at 30% of maximum voluntary 

contraction (Baffour-Awuah, Pearson, Dieberg, Wiles, & Smart, 

2023). Cardiovascular endurance was evaluated with the 6-

minute walk test, a validated method for pregnant women (Dennis 

et al., 2019). 

Blood Sampling and Analysis: Maternal blood samples (8 mL) 

were drawn after a 12-hour fast under controlled conditions, 

centrifuged at 3000 RPM for 15 minutes, and serum was stored 

at -20°C. IL-17 and TGF-β cytokine levels were analyzed using 

ELISA kits (R&D Systems) per manufacturer instructions. 

Intervention 

The training group followed a structured program of aerobic and 

resistance training, starting from the 16th–18th week until the 36 
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th–37th week, totaling 95–110 sessions. Aerobic exercises (e.g., 

walking) were performed thrice weekly, with resistance training 

targeting major muscle groups twice weekly. Each session 

included a 10-minute warm-up and cool-down with stretching. 

Exercise intensity was monitored using the Borg rating of 

perceived exertion (RPE) scale and the talk test. Participants 

were educated on hydration, nutrition, and warning signs 

requiring medical attention. 

Adherence was monitored through weekly phone calls and virtual 

check-ins. Participants submitted exercise reports, and in-person 

re-training sessions were available when needed. The control 

group received standard prenatal care without specific exercise 

recommendations (Artal & O'Toole, 2003; Cilar Budler & Budler, 

2022; "Physical Activity and Exercise during Pregnancy and the 

Postpartum Period: ACOG Committee Opinion, Number 804," 

2020). 

J
o

u
rn

a
l 

o
f 

E
x
er

ci
se

 &
 O

rg
a

n
 C

ro
ss

 T
a

lk
 

Statistical analysis 

Data analysis was performed using SPSS 21. Two-way analysis 

of valiance (ANOVA) with repeated measures and two-way 

ANOVA were used for comparisons between groups (exercise 

vs. control) and across time points. Partial eta squared (pη²) was 

reported as the effect size. T-tests were conducted for changes 

relative to the first trimester, with Cohen’s test used for effect size 

estimation. A significance level of 0.05 was applied. 

Results 

Participants 

Out of the 30 participants, 25 completed the study, resulting in a 

completion rate of 83.3%. Two participants from the training 

group and three from the control group were excluded. The 

exclusions in the control group were due to a lack of willingness 

Table 1. Aerobic and resistance exercise protocol. 

Pregnancy weeks 

 

Aerobic Exercise Training Resistance Exercise Training  

 

Session per Week 

 

Session Duration (min) 

 

RPEa Session per 

Week 

Type of 

exercise 

Set 

 

Repetition Rest between 

sets (min) 

16-17 3 15 12-14 2 6 2 10-11 1 

18-21 3 20 12-14 2 9 2 12-15 1-2 

22-26 3 25 12-14 2 9 2 15 2 

27-30 3 30 12-14 29 9 2 12 2 

31-35 3 30 12-14 2 7 2 10 1-2 

36-40 3 30 12-14 2 7 2 10 1-2 

a: Rating of perceived exertion 

Table 2. Demographic characteristics of participants and pregnancy details. 

  Exercise Control 

Age (year)  30.7±3.8 30.7±4.3 

1st trimester Weight (kg)  70.5±4.1 69.7±5.7 

2nd trimester Weight (kg)  80.9±5 78.1±7.6 

3rd trimester Weight (kg)  85.1±6.5 82.5±8 

1st trimester BMI (kg/m2)  27.1±1 27.3±1.7 

2nd trimester BMI (kg/m2)  31.1±1.1 30.6±2.4 

3rd trimester BMI (kg/m2)  32.4±0.9 32.1±2.4 

Employed Yes 3 (25%) 4 (44%) 

No 9 (75%) 5 (54%) 

Education Below the bachelor's degree 1 (8%) 1 (11%) 

Bachelor's degree or higher 11 (92%) 8 (89%) 

Family relationship Yes 2 (17%) 0 (0%) 

No 10 (83%) 9 (100%) 

Physical activity before pregnancy No regular activity 3 (25%) 1 (11%) 

light regular activity 9 (75%) 8 (89%) 

Gender of the fetus Boy 9 (75%) 6 (67%) 

Girl 3 (25%) 3 (33%) 

Delivery Vaginal 1 (8%) 1 (11%) 

Cesarean 11 (92%) 8 (89%) 

BMI: body mass index 
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to continue with the study, while in the training group, the reason 

was the expiration of health insurance coverage at the center 

where the study was conducted. 

Feedback was continuously collected throughout the study, and 

no side effects, such as joint pain or muscle soreness, were 

reported from the exercises. However, body contusion was a 

common report among participants during the first few weeks. 

Overall, the exercise program was well-tolerated and effectively 

completed by the participants in the training group. Adherence to 

the exercise regimen was 70%, as monitored through weekly 

phone calls. 

The demographic characteristics of participants and pregnancy 

details are presented in Table 2. At baseline, there were no 

significant differences between the groups (p > 0.05). 

Additionally, the characteristics of the newborns are shown in 

Table 3. While there were no significant differences in the Apgar 

score at 1 minute (p = 0.65), height (p = 0.94), weight (p = 0.41), 

or head (p = 0.88) and thoracic circumferences (p = 0.40) of the 

newborns, the Apgar scores at 5 minutes were significantly 

higher in the group whose mothers exercised (p = 0.04). 

IL-17 and TGF-β 

The results from the two-way repeated measures ANOVA 

showed no significant main effects for group, time, or interaction 

for IL-17 (p = 0.735, pη² = 0.002; p = 0.102, pη² = 0.071; and p 

= 0.999, pη² = 0.001, respectively) (Figure 1). In contrast, the 

analysis of TGF-β revealed significant main effects for time and 

interaction (p = 0.004, pη² = 0.173; and p = 0.028, pη² = 0.118, 

respectively), but no significant main effect for the group (p = 

0.028, pη² = 0.118). The Bonferroni post-hoc test indicated a 

significant difference between the exercise and control groups 

during the third trimester (p=0.01), as well as within the training 

group between the first and third trimesters (p=0.001). When the 

TGF-β/IL-17 ratio was analyzed, a significant main effect for time 

Table 3. Details of the newborn. 

 Exercise Control 

Apgar score 1 min 8.9±0.3 8.5±0.5 

Apgar score 5 min 9.6±0.5 *9.1±0.4  

Weight (kg) 3.2±0.3 3.3±0.3 

Height (cm) 50.1±1.2 50.2±1.7 

Head circumference (cm) 34.7±1.5 34.5±2 

Thoracic circumference (cm) 33.8±1.3 33.3±1.4 

* Indicate significant difference independed t test. 

Table 4. Body composition and fitness data in exercise and control groups. 

  Time 1 Time 2 3rd-1st trimester weigh (kg) 

Weight (kg) Control 69.7±5.7 82.5±8 12.8±3.7 

 Exercise 70.5±4.1 85.1±6.5 14.6±3.3 

BMI (kg/m2) Control 27.3±1.7 32.1±2.4 4.8±1.2 

 Exercise 27.1±1 32.4±0.9 5.3±1.19 

WHR Control 0.94±0.02 0.98±0.03 0.03±0.02 

 Exercise 0.89±0.05 0.94±0.03 0.04±0.05 

BF% Control 34.52±3.79 41.46±3.61 6.94±2.78 

 Exercise 36.20±4.71 42.12±4.69 5.91±3.47 

HR (bpm) Control 96±8.88 102.66±7.61 6.66±14.56 

 Exercise 84.66±8.11 93±10.7 8.33±12.78 

SBP (mmHg) Control 94.44±11.3 100±8.66 5.55±10.13 

 Exercise 102.08±9.4 105±7.07 2.91±11.95 

DBP (mmHg) Control 61.11±6.01 60±7.07 -1.11±10.54 

 Exercise 65±9.04 64.16±7.92 -0.83±13.11 

FBS (mg/dl) Control 84.77±7.96 81±7.71 -3.07±8.54 

 Exercise 82.41±8.17 79.41±4.98 -3±7.49 

HB (g/dl) Control 12.84±0.73 11.61±0.81 -1.23±1.23 

 Exercise 12.95±0.76 12.18±1.12 -0.77±0.74 

MVC (N) Control 42.95±6.7 37.22±7.91 -5.73±10.01 

 Exercise 48.35±15.33 45.43±12.49 -2.91±9.71 

MVC30 (s) Control 135.88±43.37 121±42.76 -14.88±40.11 

 Exercise 161.75±34.38 169.83±20.49 8.08±27.03 

6WMT (m) * Control 356.66±30.01 290.95±32.96 -65.70±42.47# 

 Exercise 355.5±48.32 370.76±39.18 15.26±45.22 

NA: not available; BMI: body mass index; WHR: waist to hip ratio; BF%: body fat percentage; HR: heart rate; SBP: systolic blood pressure; DBP: diastolic blood pressure; HB: 

hemoglobin; FBS: fasting blood sugar; MVC: maximum voluntary contraction; 6MWT: 6-minute walk test. There was no statistical significance. 

* Indicate significant difference in 2-way ANOVA test (p<0.05). # Indicate significant difference in independed t test (p<0.05). 
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was found (p = 0.002, pη² = 0.196), but no significant main effects 

for the group (p = 0.981, pη² = 0.001) or interaction (p = 0.124, 

pη² = 0.071) were observed (Figure 1). 

Changes in IL-17 levels across trimesters were not significant 

(p=0.96, ES=0.01 for second trimester and p=0.93, ES=0.01 for 

third trimester). However, significant changes in TGF-β levels 

were observed between the first and second trimesters (p = 

0.039, ES = 0.96) and between the first and third trimesters (p = 

0.011, ES = 1.27). Additionally, the TGF-β/IL-17 ratio showed 

significant changes in the third trimester compared to the first 

trimester (p = 0.045, ES = 0.79). 

Data extracted from cord blood (Figure 2) indicated significant 

differences between the exercise and control groups for both IL-

17 (p = 0.038, ES = 0.93) and the TGF-β/IL-17 ratio (p = 0.004, 

 

ES = 1.39), with the training group showing higher and lower 

levels, respectively. Although there was a trend toward higher 

TGF-β levels in the control group compared to the training group, 

the difference was not statistically significant (p = 0.083, ES = 

0.81). 

Body composition and fitness 

The body composition and physical fitness details are presented 

in Table 4. The 2-way repeated measure ANOVA for all body 

composition outcomes include weight (p=0.001, pη2=0.316), 

BMI (p=0.001, pη2=0.492), WHR (p=0.004, pη2=0.202) and 

BF% (p=0.001, pη2=0.375) revealed significant main time effect 

whereas all mentioned outcomes did not have a significant 

time*group interaction effect (p>0.05). All mentioned outcomes 

were associated with gradual increase over time. In addition, the 
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Figure 1. Effect of exercise during pregnancy on IL-17 and TGF-β. 

* Indicate significant difference in 2-way repeated measures ANOVA test (p<0.05). # Indicate significant difference in independed t-tests (p<0.05).    
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gradual increase in the outcomes compared to 1st trimester did 

not indicate a significant difference between the training and 

control groups (p=0.09-0.81). 

Analyzing data on heart rate and blood pressure provided that 

both resting heart rate (HR) (p=0.001, pη2=0.269) and systolic 

blood pressure (SBP) (p=0.032, pη2=0.116) were associated 

with main group effect; however, resting HR also showed main 

time effect (p=0.011, pη2=0.158) in a way that the increase in the 

HR of the both groups was noticeable. Diastolic blood pressure 

(DBP) data did not observe any significant main or interaction 

effect (p>0.05). Similarly, fasting blood sugar (FBS) results 

demonstrated no significant changes in the response to 

intervention; however, hemoglobin (HB) data had only main time 

effect (p=0.001, pη2=0.257).  

Finally, the current physical fitness outcomes include MVC and 

MVC30 did not indicate any significant main time or interaction 

effect (p>0.05); nevertheless, MVC30 (p=0.002, pη2=0.233) 

data were accompanied just by a significant main group effect. 

As with the previous results, when the difference between the two 

measurement times was calculated, there was no significant 

difference between the training vs. control groups in MVC and 

MVC30 (p>0.05). The results of 6MWT indicate significant main 

time (p=0.046, pη2=0.101), group (p=0.003, pη2=0.214) and 

interaction effect (p=0.002, pη2=0.224). Bonferroni's post hoc 

test showed that at 3rd trimester, 6WMT records of the training 

group was significantly higher (p=0.001). Additionally, analyzing 

amount of changes in 6WMT records over the time indicates 

significant difference (p=0.012) (Table 4). 

Discussion  

This study investigates the impact of home-based exercise 

training in overweight women during early pregnancy on maternal 

and neonatal health indicators, focusing on cytokines TGF-β, IL-

17, and their ratio. The findings revealed that maternal exercise 

training reduced TGF-β levels and the TGF-β/IL-17 ratio in over- 

-weight mothers during the third trimester. Umbilical cord blood 

analysis showed increased IL-17 levels in fetuses and a 

decreased TGF-β/IL-17 ratio. Additionally, improvements were 

noted in newborn Apgar scores at five minutes and maternal 

cardiovascular fitness in the training group. 

The results demonstrate the beneficial effects of physical activity 

on maternal and fetal health, even with low-to-moderate intensity 

exercise routines suitable for home settings. These exercises 

effectively reduced TGF-β levels and the TGF-β/IL-17 ratio in the 

third trimester, suggesting a modulation of inflammatory 

responses. Maternal obesity is linked to heightened inflammatory 

markers, posing risks during pregnancy (Cirulli, De Simone, 

Musillo, Ajmone-Cat, & Berry, 2022). TGF-β plays a critical role 

in immune regulation and tissue repair during pregnancy 

(Sanjabi, Oh, & Li, 2017). Its reduction indicates a potential 

improvement in maternal and fetal health through modulated 

immune responses. Previous research has demonstrated that 

various types of physical activity, such as aerobic and resistance 

training, can modulate immune markers, including TGF-β and IL-

17, in populations with the metabolic disorders (Gleeson et al., 

2011). Similarly, dietary interventions, particularly those rich in 

anti-inflammatory nutrients like omega-3 fatty acids and 

polyphenols, have been shown to regulate these cytokines 

(Calder, 2010).  

In the fetus, a decrease in the TGF-β/IL-17 ratio and an increase 

in IL-17 levels suggest that maternal exercise influences the 

maternal immune system and transfers these effects to the fetus. 

IL-17 plays a role in adaptive immunity, potentially preparing the 

neonatal immune system for postnatal challenges (Pieren, Boer, 

& de Wit, 2022). Similar findings have been reported in studies 

linking maternal physical activity to enhanced neonatal immune 

function and reduced disease risks later in life (Gascoigne et al., 

2023; Lawrence, Ruoss, & Wynn, 2018). However, further 

research on immune markers and inflammation is necessary to 

validate these findings.  

Interestingly, the exercise program did not lead to significant cha- 

 

Figure 2. Effect of exercise during pregnancy on IL-17 and TGF-β of cord blood. 

* Indicate significant difference independed t-tests (p<0.05). 
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-nges in maternal weight or body composition. However, it 

maintained musculoskeletal fitness and improved cardiovascular 

fitness, as shown by the 6-minute walk test. Previous studies in 

non-pregnant individuals’ attribute changes in cytokines to fat 

mass reduction, but in pregnancy, cytokine dynamics differ 

across trimesters (Spence et al., 2021). Improved cardiovascular 

fitness may contribute to reduced inflammatory responses during 

the third trimester, aligning with studies linking fitness to lower 

inflammation and disease risks (González-Gil et al., 2022). 

Enhanced cardiovascular fitness has broader implications for 

maternal health, improving the ability to manage pregnancy 

demands and delivery. It may also help prevent conditions like 

hypertension and preeclampsia, which are common in 

overweight pregnancies (Witvrouwen, Mannaerts, Van 

Berendoncks, Jacquemyn, & Van Craenenbroeck, 2020). 

Notably, improvements in maternal fitness coincided with better 

neonatal outcomes, including higher 5-minute Apgar scores, 

which assess newborn health based on heart rate, respiratory 

function, reflexes, and muscle tone (Apgar, 1953). 

Improved fitness and cytokine modulation likely contributed to 

better placental blood flow and reduced maternal stress during 

labor, positively impacting neonatal health. Maternal exercise has 

also been associated with long-term benefits for children, 

including better cognitive function and reduced metabolic disease 

risks (Guinhouya, Duclos, Enea, & Storme, 2022). These 

potential links merit further investigation through long-term 

studies of child development. 

Moreover, the lack of significant changes in maternal weight or 

body composition despite improvements in inflammatory markers 

warrants further exploration. One possible explanation is that 

exercise-induced benefits on inflammation may occur 

independently of substantial weight loss, as physical activity can 

enhance metabolic health through mechanisms such as 

improved insulin sensitivity, mitochondrial function, and cytokine 

regulation (Amani Shalamzari, Agha Alinejad, Gharakhanlou, 

Molanouri Shamsi, & Talebi Badrabadi, 2009; Gleeson et al., 

2011). Additionally, exercise has been shown to promote 

favorable shifts in body composition, such as increased muscle 

mass and reduced visceral fat, even when overall weight remains 

stable (Mahdieh et al., 2023; Ross et al., 2000). Furthermore, 

pregnancy-related hormonal and metabolic adaptations, 

including fluid retention and changes in fat distribution, may have 

masked measurable reductions in weight or body composition 

(Catalano & Shankar, 2017). Expanding on these factors would 

provide a more comprehensive interpretation of the findings and 

highlight the potential for exercise to confer health benefits 

beyond weight loss. 

This study highlights the advantages of home-based exercise, 

offering flexibility and eliminating the need for gym access, which  

is particularly beneficial for pregnant women with time constraints 

or discomfort exercising in public. Weekly monitoring and 

motivational strategies in this study ensured high adherence to 

the exercise program. However, challenges remain, including 

maintaining motivation, ensuring safety, and addressing the lack 

of specialized supervision. Combining exercise with nutritional 

interventions could enhance outcomes by effectively addressing 

body composition changes. 

One limitation of this study is the small sample size, as it included 

only overweight pregnant women from Tehran. Future studies 

should aim to include larger sample sizes and more diverse 

populations to enhance the generalizability of the findings. 

Additionally, due to the challenges of accessing participants 

beyond three months of pregnancy, adherence to the exercise 

program was approximately 70%. Another limitation is the lack of 

dietary control, which may have influenced the outcomes. Future 

research could explore a combination of home-based exercises 

and supervised training while also incorporating dietary 

monitoring to better assess immunological markers and improve 

adherence rates. 

Conclusion 

This study underscores the benefits of home-based exercise for 

overweight and obese pregnant women, particularly in reducing 

inflammatory responses and improving cardiovascular fitness. 

These improvements might positively influence maternal and 

neonatal health, emphasizing the potential of home-based 

exercise as a convenient and flexible approach. Future research 

should explore integrating lifestyle interventions, including 

exercise and nutrition, to optimize health outcomes for mother 

and child. Long-term studies are also necessary to evaluate the 

sustained effects of maternal exercise during pregnancy on child 

health and development. 

What is already known on this subject? 

Various studies have confirmed the beneficial effects of physical 

activity on maternal health and pregnancy-related complications 

in both the mother and fetus. However, the immunological 

mechanisms underlying these changes have been less explored. 

Research has demonstrated alterations in cytokines following 

physical activity, but the changes in these cytokines and the 

balance achieved among them in response to different types of 

exercise require more detailed investigation. 

What this study adds? 

The present study confirms changes in the balance of TGF-β and 

IL-17 cytokines, particularly during the third trimester of 

pregnancy. Nevertheless, future studies should consider 

examining the responses of the cells producing these cytokines. 
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Organ Cross-Talk Tips: 

 Exercise-induced changes in maternal TGF-β/IL-17 ratios 

correlate with improved neonatal outcomes, suggesting 

exercise optimizes tissue cross-talk mechanisms.  
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