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ABSTRACT 

Objective: We investigated whether lifestyle intervention during pregnancy modifies pregnancy leptin and adiponectin 
levels, adipokines and their association with body mass index (BMI). Methods: Of the 126 pregnant nulliparous 
women recruited, 43 in the intervention and 56 in the control group completed the study. Blood samples were collected 
on gestation weeks 8 - 10 (baseline) and weeks 36 - 38 (end of the intervention). Statistical analyses included 
group-based correlations between adipokines, pre-pregnancy BMI and gestational weight gain and covariance analysis 
including all confounding factors. Results: Pre-pregnancy BMI correlated with baseline (p = 0.023 and p = 0.079) and 
end leptin levels (p = 0.128 and p < 0.001). Similarly, gestational weight gain correlated with both baseline (p = 0.009 
and p = 0.046) and end leptin levels (p = 0.065 and p = 0.011). BMI at the end of pregnancy correlated with the end 
leptin levels, but the correlation was weaker in the control (p = 0.043) than intervention women (p < 0.001). Control 
women having the highest pre-pregnancy BMI tended to exhibit the lowest increase in leptin levels during pregnancy (p 
= 0.10), whilst in the intervention group, women who had the highest pre-pregnancy BMI exhibited the highest increase 
in pregnancy leptin (p = 0.058). In covariance analysis including all covariates change in leptin was associated with 
gestational weight gain (p = 0.036), but change in adiponectin was not (p = 0.93). Conclusion: In contrast to the control 
group, women in the life-style intervention group exhibited a stronger association between gestational weight gain and 
leptin levels, indicating that they maintained insulin sensitivity.  
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1. Introduction 

At least 30% of pregnant women gain more weight than 
recommended by the Institute of Medicine (IOM); i.e., 
over 35 lb for a normal size woman [1]. Excessive 
weight gain during pregnancy has several adverse effects, 
including it increases the risk of developing gestational 
diabetes mellitus (GDM) [2,3] and having high birth 
weight infants [4], possibly due to impaired insulin sen-
sitivity during pregnancy [5-7]. Therefore, it is important 
to develop interventions that either prevent excessive 
weight gain or improve insulin sensitivity. Our maternal 
dietary and physical activity intervention was designed to 
prevent excessive weight gain during pregnancy, and it 
was described in detail by Kinnunen et al. [8]. Although 
it failed to prevent excessive weight gain, it completely 
prevented high birth weights (>4000 g); 15% of the 
women who received standard maternity care had high 

birth weight infant [8]. Thus, our lifestyle intervention 
may have positively influenced insulin sensitivity.  

Biological factors linked to body weight and insulin 
sensitivity include circulating leptin [9,10] and adi-
ponectin levels [11,12], two adipokines secreted by fat 
cells [13]. Of all the adipocyte-released adipokines, adi-
ponectin is most abundant in the human plasma, ranging 
from 5 to 30 ug/mL. However, adiponectin is inversely 
linked to body mass index (BMI), possibly because adi-
pose tissue-derived cytokine, tumor necrosis factor  
(TNF-), and insulin suppress its release [13-16]. In 
pregnant women, adiponectin levels are not associated 
with BMI [17,18]. Leptin levels correlate directly with 
BMI [19,20], also during pregnancy [21-26].  

Leptin regulates food intake, and in this role affects 
insulin sensitivity. In individuals with normal body 
weight, leptin acts in the hypothalamus to decrease appe-
tite and increase energy expenditure for the purpose of 
maintaining adipose depots at an optimal level [27-28]. *Corresponding author. 
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When insulin and glucose levels are elevated following a 
meal, they stimulate leptin secretion. Leptin, in turn, in-
creases insulin sensitivity, but it also suppresses insulin 
secretion from the pancreas [10]. This adipokine has 
been successfully used in the treatment of insulin resis-
tance and type 2 diabetes in an animal model [29] and in 
humans [10]. The feedback between body weight and 
leptin does not function in obese individuals, because 
obesity causes leptin resistance [20,30]. During preg-
nancy, leptin concentrations increase modestly [21,22, 
24,31-33] and during the first two trimesters the increase 
is correlated with gestational weight gain [25]. However, 
during the last pregnancy trimester women become re-
sistant to the actions of leptin [34], and this is manifested 
as an absence of a correlation between BMI and leptin 
levels [22,35,36]. It is not clear whether leptin affects 
GDM. High leptin have been correlated with increased 
risk of GDM in pregnant women [37-39], but some stud-
ies have reported an inverse relationship [25,40]. The 
latter is in agreement with findings in rats in which leptin 
prevents GDM [41]. A recent study comparing preg-
nancy leptin levels in women with GDM and normal 
controls did not find any difference [42].  

Adiponectin is an insulin-sensitizing hormone [43], 
because it reduces hepatic glucose production, stimulates 
glucose uptake in skeletal muscle, and enhances insulin 
action in the liver. Emerging evidence links low adi-
ponectin levels to insulin resistance, particularly in preg-
nant women [12,44-46]. GDM is strongly linked to low 
adiponectin levels [45,47-50], although in some studies 
no association has been found [42]. Pregnant women 
have higher adiponectin levels than non-pregnant women 
[17], but the results are conflicting as to whether adi-
ponectin levels change during the course of pregnancy: 
some studies have found no changes [17], whilst some 
others suggest that the levels are slightly reduced [48]. In 
this study, we investigated whether maternal dietary and 
physical activity intervention which does not affect 
pregnancy weight gain or BMI [8], modifies circulating 
leptin or adiponectin levels during pregnancy, and alters 
the association between BMI and leptin/adiponectin. 

2. Methods 

2.1. Setting and General Study Design 

The study was a part of a larger pilot study which aimed 
in preventing excessive gestational weight gain and 
postpartum weight retention and was carried out by the 
UKK Institute for Health Promotion Research in Finland. 
The study was approved by the Ethical Committee of the 
Pirkanmaa Hospital District, and each participant pro-
vided informed written consent. In Finland, the maternity 
health care system is available to all pregnant women in 
every municipality and is funded by public tax revenue. 

Six maternity clinics in Tampere and Hämeenlinna, Fin-
land, participated in the study. Three maternity clinics 
volunteered for intervention clinics and three were con-
trol clinics. All public health nurses from the maternity 
clinics participated in the study, nine in the intervention 
clinics and six in the control clinics. In Finland, it is 
recommended that nulliparas make 11 - 15 visits to a 
nurse and three visits to a physician during pregnancy 
[51]. The study was carried out during five routine visits 
to nurses at 8 - 10, 16 - 18, 22 - 24, 32 - 34 and 36 - 38 
weeks’ gestation. 

2.2. Participants 

Pregnant women with no earlier deliveries were eligible 
for the study (earlier abortions or miscarriages accept-
able). Women with type 1 or 2 diabetes mellitus, twin 
pregnancy, physical disability that prevents from exer-
cising, otherwise problematic pregnancy, substance 
abuse, treatment or clinical history of any psychiatric 
illness, inability to speak Finnish or intention to change 
place of residence within the next three months and 
women aged under 18 years were excluded. The nurses 
recruited the participants when they first contacted the 
maternity clinics at the beginning of their pregnancy, 
between August 2004 and January 2005. In total, 132 
women were enrolled in the study, 69 in the intervention 
group and 63 in the control group. 

2.3. Intervention 

The intervention included individual dietary and physical 
activity counselling during five sessions, an individual 
weekly leisure time physical activity plan and an oppor-
tunity to attend supervised group exercise once a week. 
The participants of the intervention clinics were also 
given information on the recommendations for total ges-
tational weight gain [52], take home leaflets on diet and 
physical activity and follow-up notebooks to keep track 
of their compliance. Kinnunen et al. have previously de-
scribed the intervention in greater detail [8]. In the control 
clinics, standard maternity care practices and usual phy- 
sical activity and dietary counselling were continued. 

2.4. Measurements 

The participants filled in a baseline questionnaire in-
cluding questions on their background (e.g. socio-eco- 
nomic status, smoking, earlier weight development), diet, 
physical activity and wellbeing before the first visit to the 
maternity clinic at 8 - 10 weeks’ of gestation and the 
same questionnaire was filled in again at the end of the 
study on the 37th gestation week. In addition, the partici-
pants filled in a physical activity questionnaire at 16 - 18 
weeks’ of gestation and a dietary questionnaire at 22 - 24 
weeks’ of gestation. Each participant’s body weight and 
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blood pressure were measured at every visit to the ma-
ternity clinic by the nurse, and the measures were written 
down in the participant’s maternity card from which the 
data was obtained. Pre-pregnancy weight and height 
were obtained by recall. 

2.5. Blood Samples 

Blood samples (4 × 10 ml) were taken of all participants 
at the beginning (8 - 10 weeks’ gestation, called here 
baseline) and at the end (36 - 38 weeks’ gestation, called 
here end) of the intervention by medical laboratory 
technologists from the UKK Institute. The samples were 
stored appropriately in the UKK Institute and shipped to 
the Clarke-Hilakivi lab at Georgetown University for 
analysis. Levels of circulating leptin and adiponectin 
were determined using human EIA kits from Assay De-
sign, Inc. (Ann Harbor, MI) according to the manufac-
turer’s instructions. 

2.6. Statistical Methods 

All statistical analyses were performed using SPSS soft-
ware, version 15.0 (SPSS Inc., Chicago IL), and statisti-
cal significance was defined as p < 0.05. The frequency 
distributions of maternal age, study status, smoking be-
fore pregnancy and pre-pregnancy BMI were reported in 
the entire study population. Age, smoking, pre-pregnancy 
BMI and gestational weight gain were also reported in 
means and percentages in the intervention and control 
groups. 

The mean leptin and adiponectin concentrations at 
baseline and at the end of the intervention were examined 
in the entire study population as well as in the interven-
tion and control groups. The differences between base-
line and end leptin and adiponectin concentrations were 
tested using paired-samples t-tests, and the differences in 
baseline and end leptin and adiponectin concentrations 
between the groups were tested using independent-sam- 
ples t-tests. Correlation between pre-pregnancy BMI, 
gestational weight gain and leptin/adiponectin was per-
formed with Pearson correlation factors. Significance of 
the p-values from correlation analysis was based on sam-
ple size and 2-sided p-values were utilized.  

Analysis of covariance (ANCOVA) was used to eva-
luate the effects of the confounding factors (maternal age, 
study group, smoking before or during pregnancy, 
pre-pregnancy BMI, gestational weight gain) on the 
mean baseline leptin and adiponectin concentrations. The 
mean change in leptin and adiponectin concentrations 
adjusted for baseline concentrations and other confound-
ing factors was also examined using ANCOVA. 

3. Results 

Out of 132 participants enrolled to the study, 105 com-

pleted it (n = 49 in the intervention group of 69 recruited, 
and n = 56 in the control group of 63 recruited). Six 
women in the intervention group were obese (BMI > 30), 
but none in the control group. Since obese individuals are 
generally leptin resistant [20], they were removed from 
the analysis. On average, the participants were 28.0 years 
old, had pre-pregnancy BMI, determined on gestation 
week 8 - 10, of 22.3% and 20.8% smoked before preg-
nancy (Table 1). Weight gain was on average 14.6 kg 
during pregnancy (not shown in the table). The women in 
the intervention group were significantly younger than 
women in the control group (p < 0.035). 

3.1. Leptin Levels during Pregnancy 

The baseline leptin levels on gestation weeks 8 - 10 were 
similar in the intervention (21.2 ng/ml) and control 
groups (23.1 ng/ml) (p = 0.369) (Figure 1). In addition, 
no significant differences between the groups were seen 
in the leptin concentrations at the end of the intervention 
on gestation weeks 36 - 38 (intervention: 24.2 ng/ml; 
control: 24.5 ng/ml) (p = 0.927). In all subjects, mean 
leptin concentrations increased from 22.2 ng/ml at base-
line to 24.3 ng/ml at the end of the study, but the increase 
was not statistically significant (p = 0.159) (Figure 1). 
When assessed separately in the intervention and control 
groups, we observed that in the intervention group the 
mean leptin concentrations non-significantly increased (p 
= 0.148). However, in the control group, no increase in  
 

Table 1. Background characteristics. 

 N % Mean (95% CI) 

Maternal age (years)   28.0 (27.2 - 28.9) 

<25 17 17.2   

25 - 29 50 50.5   

≥30 32 32.3   

Study clinic     

Control 56 56.6   

Intervention 43 43.4   

Smoking before pregnancy1     

Yes 20 20.8   

No 76 79.2   

Pre-pregnancy BMI (kg/m2)   22.3 (21.9 - 22.8) 

<20 15 15.2   

20 - 25 80 80.8   

≥26 4 4.0   

1Missing n = 3     
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Figure 1. Baseline and end adiponectin and leptin concentrations among intervention and control groups. 

 
mean leptin concentrations was noted during pregnancy 
(p = 0.527). 

3.2. Adiponectin Levels during Pregnancy 

Mean adiponectin levels at the baseline were slightly but 
non-significantly higher in the control (13.05 ng/ml) than 
the intervention group (11.8 ng/ml) (p = 0.105) (Figure 
1). 

At the end of the intervention, no between-group dif-
ferences were seen (control: 13.3 vs intervention: 12.5, p 
= 0.404). In all subjects, adiponectin concentrations were 
similar at the beginning and end of the intervention (12.5 
ng/ml and 12.9 ng/ml, respectively) (p = 0.283) (Figure 
1). No pregnancy-induced changes in adiponectin levels 
were seen in the control (p = 0.704) or intervention 
groups (p = 0.239).  

3.3. BMI and Changes in Leptin Levels during  
Pregnancy 

We found that in woman in the intervention group, 
pre-pregnancy BMI tended to correlate with the baseline 
leptin concentrations (r = 0.271; p = 0.079) and corre-
lated strongly with the end leptin concentrations (r = 
0.507; p < 0.001). Pre-pregnancy BMI also tended to 
correlate with the change in leptin concentrations (r = 
0.291; p = 0.058) during pregnancy (Figure 2(a)). 
Among the controls, the correlation between pre-preg- 
nancy BMI and baseline (r = 0.323; p = 0.023) and end 
leptin levels (r = 0.218; p = 0.13) were also seen, but 
pre-pregnancy BMI tended to correlate inversely with the 
change in leptin levels (r = −0.164; p = 0.26) (Figure 
2(a)). 

We also determined whether BMI at the end of inter-

vention period correlated with end leptin levels. Since 
pregnant women become leptin resistant at the end of 
pregnancy [34,35], we expected not to see a correlation. 
However, as shown in Figure 2(b), a correlation was 
found in the intervention (r = 0.658, p < 0.001) and con-
trol groups (r = 0.287, p = 0.043). The correlation was 
notably stronger in the intervention than control group, 
indicating that in the intervention group an increase in 
the consumption of fruits, vegetables and whole grains 
promoted leptin sensitivity.  

3.4. BMI and Changes in Adiponectin Levels  
during Pregnancy 

Pre-pregnancy BMI did not correlate with the baseline 
adiponectin levels (intervention r = −0.075, p = 0.63; 
control: r = −0.17, p = 0.24), but there was a tendency for 
pre-pregnancy BMI to correlate inversely with end adi-
ponectin levels (intervention: r = −0.25, p = 0.10; control: 
r = −0.25, p = 0.086) (Figure 2(c)). Pre-pregnancy BMI 
did not correlate significantly with the change in adi-
ponectin concentrations during pregnancy in the inter-
vention (r = −0.21; p = 0.17) or in the control group (r = 
−0.12; p = 0.40) (Figure 2(c)). 

Figure 2(d) shows that BMI at the end of the interven-
tion period did not correlate with end adiponectin levels 
in the intervention (−r = 0.159, p = 0.31) and control 
groups (−r = 0.178, p = 0.22). 

3.5. Association between Leptin and Adiponectin  
Levels 

Previous studies have generated conflicting data regard-
ing possible correlation between circulating leptin and 
adiponectin levels in pregnant women [17,53]. In this 
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study, baseline leptin levels were not linked to baseline 
adiponectin levels, but there was a tendency for inverse 
correlation between the end leptin and adiponectin levels 
both in the intervention (r = −0.258, p = 0.094) and con-
trol groups (r = −0.235, p = 0.10) (not shown in the fig-
ures).  

3.6. Gestational Weight Gain and Pregnancy  
Leptin Levels 

In the intervention and control groups, gestational weight 
gain correlated with leptin concentrations at baseline 
(intervention group: r = 0.306, p = 0.046; and control 
group: r = 0.365, p = 0.009) (Figure 3(a)). 

Leptin levels at the end of intervention also correlated 

with gestational weight gain in the intervention group (r 
= 0.386, p = 0.011), and tended to do so in the control 
group (r = 0.263, p = 0.065). Thus, gestational weight 
gain is strongly associated with end leptin levels in 
women consuming high levels of fruits, vegetables and 
whole grains during pregnancy, but less so in pregnant 
control women. 

3.7. Gestational Weight Gain and Pregnancy  
Adiponectin Levels 

Gestational weight gain did not correlate significantly 
with adiponectin levels in the intervention group at base-
line (r = 0.066; p = 0.67) or at end (r = 0.090; p = 0.57), 
and similar negative findings also were seen in the con- 
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Figure 2. (a) Correlations between pre-pregnancy BMI and baseline and end leptin concentrations, and the change in leptin 
concentration during pregnancy by group; (b) Correlations between pre-pregnancy BMI and baseline and end adiponectin 
concentrations, and the change in adiponectin concentration during pregnancy by group; (c) Correlations between 
pre-pregnancy BMI and baseline and end adiponectin concentrations, and the change in adiponectin concentration during 
pregnancy by group; (d) Correlations between BMI at end and adiponectin concentrations by group. 

 
trols (baseline: r = 0.071; p = 0.62, or end: r = 0.021; p = 
0.89) (Figure 3(b)). These findings suggest that adi- po-
nectin levels during pregnancy are not influenced by 
gestational weight gain. 

After correlation analyses which were done separately 
for controls and women in the intervention group, we 
assessed associations between the change in leptin and 
adiponectin levels during pregnancy and all covariates by 
covariate analysis. Age (p = 0.03), pre-pregnancy BMI (p 

= 0.005), gestational weight gain (p = 0.036) and base-
line leptin concentration were linked to a change in leptin 
levels during pregnancy (Table 2). A change in adi-
ponectin levels during pregnancy was inversely linked to 
pre-pregnancy BMI (p = 0.026), unlike in the results in 
correlational analyses including one group only. Change 
in adiponectin was also associated with baseline adi-
ponectin concentrations (p < 0.001), but not with gesta-
ional weight gain (p = 0.93) (Table 2). t   
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Figure 3. (a) Correlations between gestational weight gain and leptin concentrations at the beginning and end of pregnancy, 
by group; (b) Correlations between gestational weight gain and adiponectin concentrations at the beginning and end of 
pregnancy, by group. 
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Table 2. Covariance analysis explaining covariates and changes in leptin and adiponectin in the trial. Leptin and adiponectin 
are dependent variables. 

 Coefficient (95% CI) p-value Coefficient (95% CI) p-value 

Study group (intervention/control) 0.03 (−5.17 to 5.23) 0.99 −0.41 (−2.14 to 1.31) 0.63 

Smoking before/during pregnancy −2.10 (−8.49 to 4.29) 0.51 −0.03 (−2.16 to 2.09) 0.97 

Age −0.73 (−1.38 to −0.09) 0.027 0.12 (−0.09 to 0.34) 0.25 

Pre-pregnancy BMI 1.68 (0.54 to 2.83) 0.005 −0.38 (−0.76 to 0.002) 0.051 

Gestational weight gain 0.63 (0.01 to 1.26) 0.046 0.03 (−0.17 to 0.24) 0.74 

Baseline leptin concentration −0.77 (−0.96 to −0.58) <0.001 −0.02 (−0.09 to 0.04) 0.49 

Baseline adiponectin concentration 0.19 (−0.49 to 0.87) 0.57 −0.41 (−0.64 to −0.18) 0.001 

 
4. Discussion 

The aim of this study was to investigate whether a life-
style intervention during pregnancy, focused on bringing 
changes in the diet and physical activity, affects preg-
nancy leptin and adiponectin levels and their association 
with BMI. Although the intervention failed to modify 
weight gain during pregnancy, it prevented high birth 
weights (>4000 g) [8,54]. As high birth weight is associ-
ated with elevated pregnancy leptin levels [55] and im-
paired insulin sensitivity [56], we speculated that the 
lifestyle intervention may have affected leptin and adi-
ponectin levels. Leptin increases insulin sensitivity and 
suppress insulin secretion [10], and consequently it is 
used to treat insulin resistance [10,29]. Adiponectin also 
is insulin-sensitizing adipokine [12,44-46], and low adi-
ponectin levels are linked to insulin resistance and GDM 
[43,47-50]. 

Several studies have found that maternal leptin con-
centrations increase during pregnancy [21-23,33], but the 
increase seems to occur during the first two trimesters 
and then leptin levels decrease slightly during the third 
trimester [24,31-32,57]. This may explain why we did 
not see a significant increase in our mothers; their blood 
was collected on the 1st and 3rd trimester, but not on the 
2nd. A lack of increase on the 3rd trimester is reflective of 
late pregnancy being a leptin-resistant stage [34,35]. 
During the last pregnancy trimester, leptin levels do not 
rise although body weight increases, indicative of preg-
nancy-induced leptin resistance [30], and this contributes 
to reduced insulin sensitivity seen during pregnancy [35, 
36].  

In our study, pregnancy leptin levels did not differ 
between the control and intervention groups during the 
first pregnancy trimester before intervention started, or at 
the end of intervention on week 36 - 38. This probably 
reflects the lack of effect of the intervention on gesta-
tional weight gain (Table 2). Previous studies have 
shown that pregnancy leptin levels correlate with pre-  

pregnancy [21,24,25,58] and pregnancy BMI [22,25,32, 
40,57,58] and gestational weight gain [33]. These asso-
ciations are stronger at the beginning of pregnancy than 
during the third trimester [22,32], consistent with devel-
opment of pregnancy-linked leptin resistance [35,36]. In 
our study, women in the control group exhibited positive 
correlations between pre-pregnancy BMI and baseline 
and end leptin levels. However, the change in leptin 
concentrations during pregnancy in the controls nega-
tively correlated with pre-pregnancy BMI, indicating that 
heavier women showed less increase in leptin than slim-
mer women during pregnancy. In contrast, in the inter-
vention group the associations grew stronger towards the 
end of pregnancy, and pre-pregnancy BMI correlated 
positively with a change in leptin concentrations during 
pregnancy. Heavier women exhibited higher elevation in 
leptin levels during pregnancy than lean women. Since 
the two groups did not differ from each other regarding 
BMI at the beginning or end of pregnancy, and their 
pregnancy weight gain was similar [8], diet and physical 
activity intervention may have contributed in maintaining 
leptin sensitivity during pregnancy.  

Although adiponectin levels inversely correlate with 
BMI [14-16], body weight during pregnancy is not be 
linked to adiponectin [17,59,60]. In most studies, adi-
ponectin levels during pregnancy range between 7 and 
13.5 l/ml [17,48,59-62]. Some of these studies report a 
reduction in adiponectin levels as pregnancy progresses 
[48], and some have found no changes [17]. Results in 
our study indicated no changes between change in adi-
ponectin and gestational weight gain in the control group 
according to correlational analyses and no changes in 
either group according to covariance analysis. In correla-
tion analysis including each group separately, the inter-
vention group exhibited a slight increase, suggesting that 
exposing pregnant women to a diet high in fruits, vegeta-
bles and whole grains as well as moderate physical activ-
ity may improve insulin sensitivity. Adiponectin is 
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strongly related to insulin sensitivity [43], including dur-
ing pregnancy [12,43,44,46]. Women who develop GDM 
exhibit reduced circulating adiponectin levels [43,47-50], 
and low gestational adiponectin levels have been found 
to predict postpartum insulin resistance and other 
changes leading to type 2 diabetes [61]. 

Our study was designed to pilot the study protocol for 
a larger study, a fact which elicited some limitations to 
this study. First, the maternal clinics volunteered for the 
study, and hence were not randomized. The lack of ran-
domization may have resulted in greater baseline differ-
ences between the groups. The intervention group had 
significantly higher pre-pregnancy BMI, which may ex-
plain their higher leptin levels at baseline and at the end 
of the study, as well as the greater increase in leptin con-
centrations during pregnancy. The participants of the 
intervention group were more often smokers before 
pregnancy. Smoking was not significantly associated 
with leptin levels in the model, suggesting that smoking 
did not have a large effect on the results. Second, the 
statistical power may have been weakened by the fairly 
small sample size of our study. Third, the intervention 
may not have been effective enough to cause significant 
differences between the groups. However, the strength of 
our study was the ability to study longitudinal changes in 
leptin and adiponectin concentrations during pregnancy. 
Our study is the first to determine whether lifestyle in-
tervention during pregnancy changes leptin and adi-
ponectin levels or their interaction with BMI and preg-
nancy weight gain. 

5. Conclusion 

In conclusion, we found that pregnant women who in-
creased their intake of fruits, vegetables and whole grains 
and were physically active, maintained sensitivity to lep-
tin throughout pregnancy. Women in the control group 
appeared more resistant to leptin during the 3rd than 1st 
pregnancy trimester. These findings suggest that dietary 
and physical activity intervention helps pregnant women 
to maintain sensitivity to leptin throughout pregnancy, 
and the presence of leptin sensitivity at the end of preg-
nancy may explain how the intervention completely pre-
vented high birth weight in our pilot study [8] and sig-
nificantly reduced the incidence of high birth weight in 
the consequent study involving 399 pregnant women 
[54].  
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