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ABSTRACT
Objectives: Excessive gestational weight gain (EGWG) and failure to lose weight within 6 months from delivery are 
important and identifiable predictors of the long-term obesity. The aim of the study was to verify clinical usefulness of 
several substances that had been proved to play a significant role in metabolism and body mass regulation, i.e., leptin, 
ghrelin, fatty acid binding protein 4 (FABP4), secreted frizzled-related protein 5 (SFRP5), and vaspin, in relation to certain 
laboratory results, body composition and hydration status of females in the early postpartum period. The main goal was 
to determine a potential marker, which assessed as early as 48 hours after delivery, could predict serious difficulties in 
achieving pre pregnancy body mass of women with EGWG six months afterwards.

Material and methods: The same inclusion criteria applied to the study group (women with EGWG) as well as the control 
group (women with appropriate body mass gain in pregnancy). These included normal pre-pregnancy BMI, absence of 
any diseases prior, during pregnancy and after delivery, 6-month long breastfeeding.

Results: Postpartum weight retention (PPWR) depended positively on gestational weight gain as well as the leptin/ 
/SFRP5 ratio assessed 48 hours after delivery.

Conclusions: Both obstetricians and midwives should pay special attention to proper nutrition of pregnant women. The 
assessment of biophysical and biochemical parameters in the early postpartum period, when the mothers are usually 
hospitalized, seems to allow to predict the risk of greater body weight retention. Future research will help to determine 
to what extent the circulating concentrations of leptin and SFRP5 in the early puerperium are important for prediction 
of maternal PPWR and obesity.

Key words: adipokines; leptin; secreted frizzled-related protein 5; excessive gestational weight gain; bioelectrical imped-
ance analysis; postpartum weight retention
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INTRODUCTION
Pregnancy is likely to result in overweight and obesity 

of many females in later life. Postpartum weight retention 

(PPWR) is a well-known risk factor of cardiovascular diseases 

and metabolic disorders such as diabetes [1]. Nowadays 

more and more emphasis are put on new medical chal-

lenges dealing with pregnancy such as excessive gestational 

weight gain (EGWG) and PPWR. This is undoubtedly due to 

the fact that these conditions have been confirmed to affect 

health of both mothers and their children.

According to Farpour-Lambert and coauthors [2] women 

who gain too much weight in pregnancy were found to be 

more prone to overweight and obesity as demonstrated 

at 21 years from delivery — odds 2.15 (95% CI: 1.64–2.82) 

and 4.49 (95% CI; 3.42–5.89), respectively. A similar observa-

tion with regard to offspring obesity was also reported [2]. 

Excess weight gain and failure to lose weight by 6 months 

postpartum are important and identifiable predictors of 

the long-term obesity. Breastfeeding and exercise may be 

beneficial to control long-term weight.

The pro-inflammatory biomolecules secreted by the 

adipose tissue include, among others, leptin, tumor necro-

sis factor (TNF), interleukin 6 (IL-6), resistin, retinol binding 

protein 4 (RBP4) and fatty acid binding protein 4 (FABP4) 

[3–6]. In addition to numerous pro-inflammatory adi-

pokines, the adipose tissue also secretes a smaller number  
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of anti-inflammatory factors. These factors include adi-

ponectin, which has been subjected to painstaking investi-

gation, as well as secreted frizzled-related protein 5 (SFRP5), 

which has been recently identified as an adipokine with anti-

inflammatory properties [3, 4, 7]. Any imbalance between 

the two types of adipokines brings about an abnormal ex-

pansion of the adipose tissue, the leading cause of obesity, 

and triggers local and systemic inflammation [3, 4]. Whilst 

the adipose tissue depots differ from one another, depend-

ing on their relative levels of adipokine production, obesity 

will generally favor the production of pro-inflammatory adi-

pokines regardless of the depot site location [4]. Excessive 

adiposity and adipocyte dysfunction are strongly associated 

with metabolic diseases such as obesity and type 2 diabetes  

mellitus (T2DM) [3].

Leptin is widely engaged in the energy homeostasis [8]. 

It has been shown to play an important role in the patho-

genesis of atherosclerosis, cardiovascular disease, inflam-

mation, obesity and T2DM. The biological role of leptin is 

to regulate energy homeostasis, insulin resistance and lipid 

metabolism [9]. It regulates blood glucose via the action 

on peripheral target tissues in addition to the effect on  

the central nervous system. Its concentration depends  

on the quantity of body fat whereas the role that it plays in 

the central nervous system significantly affects food intake 

as demonstrated by Izquierdo et al. in obese children with 

hyperphagia who were deprived of leptin [8]. For instance, 

leptin accommodates the blood glucose by downregu-

lating the cytokines which promote lipogenesis, altering 

the glucagon concentration and activating the adenosine 

monophosphate-activated protein kinase (AMPK) path-

way in hepatocytes. Moreover, it has been shown that  

a high leptin standard indicates a succedent development 

of T2DM [9]. Taking into consideration the fact that leptin 

is seriously involved in the pathogenesis of obesity and ef-

fectively suppresses appetite, still much research focuses 

on this attractive and promising molecule. Obese subjects 

have in fact the increased concentrations of leptin and yet 

they do not lose weight, which reflects the metabolic state of 

certain inadequate sensitivity to this hormone. Accordingly, 

treatments targeting the leptin resistance could potentially 

result in improved control of excessive body mass gain [8].

Objectives
For the abovementioned reasons it appears highly 

probable that EGWG could result in both maternal and fetal 

programming, which will potentially affect health of a fetus 

and its mother but also determine to a certain extent future 

medical problems of other children born by such predisposed 

females. Bearing in mind the potential for some disturbances, 

including changes in the body composition and hydration 

status, we intended to implement into the clinical use post-

partum serum concentrations of leptin, ghrelin, FABP4, SFRP5, 

and vaspin as factors of proven or highly probable signifi-

cance to metabolism and body mass regulation.

The aim of this research was to investigate a potential 

novel early puerperium biomarker (or an index based on two 

other parameters) for the prediction and the early diagnosis 

of failure to recover the pre-pregnancy body mass within 

6 months from delivery in women, especially with EGWG.

MATERIAL AND METHODS
The studied group comprised Caucasian women in  

a singleton term pregnancy (after 37 weeks of gestation) and  

were hospitalized at the Chair and Department of Obstetrics 

and Perinatology, at the Medical University of Lublin, Poland. 

The subjects of the study were divided into two groups: 

Group I consisted of 28 healthy controls, i.e., women free of 

metabolic disorders who had three normal results of 2-hour-

75 gram-oral glucose tolerance test (OGTT) at 24–28 weeks 

of gestation. The pregnant women in this group had no 

comorbidities, were given merely vitamin-iron supplements 

and exhibited normal values of pre-pregnancy body mass 

index (BMI) (i.e., between 18.5 and 24.99 kg/m2), normal  

gestational weight gain (i.e., 11.5–16 kg) [10, 11] and  

proper gestational age.

Group II consisted of 38 patients with EGWG with normal 

pre-pregnancy BMI (i.e., between 18.5 and 24.99 kg/m2), 

three normal results of the OGTT at 24-26 weeks of gestation 

and gestational weight gain of at least 20 kg.

Multiparas, women with chronic infectious diseases 

or abnormal laboratory results (e.g., the complete blood 

count, urine test, creatinine, glomerular filtration rate (GFR) 

findings) were excluded from the study. Other exclusion 

criteria encompassed metabolic disorders (such as poly-

cystic ovarian syndrome; except those listed in the inclu-

sion criteria for the studied groups), mental illness, cancer, 

liver diseases, cardiovascular disorders, fetal malformation, 

premature membrane rupture, intrauterine growth retarda-

tion, the presence of metallic prostheses, and pacemakers 

or cardioverter-defibrillators.

In the early postpartum period (i.e., 48 hours after deliv-

ery) and following a 6-hour fasting, anthropometric meas-

urements as well as sampling performed. The bioelectrical 

impedance analysis (BIA) method and body composition 

monitor (BCM) (Fresenius Medical Care) were used to evalu-

ate the maternal body composition and hydration status, 

whereas the serum levels of albumin, hemoglobin A1c and 

lipid profile were measured by a certified laboratory. Follow-

ing centrifugation, all of the serum specimens were stored 

at –80 °C. The concentrations of SFRP5, ghrelin (Wuhan 

EIAab Science Co., Wuhan, China), leptin, FABP4 (R and D 

Systems, Inc., Minneapolis, MN, USA), and vaspin (MyBio-

Source.com, San Diego, CA, USA) in the studied materials 
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were determined with the use of commercially available 

kits and remained in compliance with the manufacturer’s 

instructions via traditional enzyme-linked immunosorbent 

assay (ELISA). The procedure was duplicated for each patient.

In the second part of this study, based on a telephone 

survey conducted 6 months after delivery, we obtained 

information about our patients` body weight. Five women 

out of 66 (i.e., 2 from the 28 EGWG group and 3 from the 

38 healthy controls` group) were excluded from further 

analyses due to:

 — the duration of breastfeeding was shorter than 6 months 

(3 cases),

 — treatment of postpartum depression (1 case),

 — unsuccessful contact to obtain six-month-postpartum 

data (1 case).

PPWR was calculated by subtracting the maternal pre-

pregnancy weight from the six-month postpartum weight 

[12].

Having received information about the study protocol, 

each study subject gave a written consent to participate 

in the study.

Stages of the study methodology was presented in 

Figure 1.

All of the values were reported as the median (interquartile 

range 25–75%). The differences between the studied groups 

were tested for significance using the Mann–Whitney U test. 

The Spearman’s coefficient test was used for the correlation 

analyses. The multiple linear regression model was used to 

adjust the covariates and examine the associations between 

PPWR and the selected maternal biophysical and biochemical 

parameters (i.e., gestational weight gain, leptin/SFRP5 ratio, fat 

tissue index, the serum concentrations of ghrelin and vaspin).

All of the analyses were performed using the Statistical 

Package for the Social Sciences software (version 19; SPSS 

Inc., Chicago, IL, USA). A p value of < 0.05 was considered 

statistically significant.

RESULTS
We observed significant differences in several variables 

assessed 48 hours after delivery between the healthy study 

subjects and EGWG women (Tab. 1). We found significant 

differences, inter alia, in the serum concentrations of SFRP5 

as well as vaspin in these two study groups; significantly 

lower serum SFRP5 and vaspin levels were observed in the 

EGWG group, i.e., 2.7 ng/mL vs 3.1 ng/mL and 670.4 pg/mL 

vs 871.5 pg/mL, respectively (Tab. 1).

l(t)

*assesment of
gestational weight gain

*two study groups:
EGWG and control groups

BLOOD
SERUM

• Albumin
• Hemoglobin A1c
• Lipid pro�le

ELISA:

TELEPHONE SURVEY
*assessment of postpartum

weight retentionLeptin
Ghrelin
FABP4
SFRP5
Vaspin

1) Total body water (L)

2) Extracellular water (L)

3) Intracellular water (L)

4) Body cell mass (Kg)

5) Lean tissue index (Kg/m2)

6) Fat tissue index (Kg/m2)

Anthropometric measurements
with the bioeletrical impedance analysis (BIA)
method and body composition monitor (BCM)

DELIVERY

V

48 HOURS AFTER DELIVERY
6 MONTHS

AFTER DELIVERY

Figure 1. Stages of the study methodology
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Table 1. Comparison of characteristics of the study subjects

Variables Control Group (n = 26) EGWG Group (n = 35) p value

Age, years 30 (28–32) 29 (26–38) NS

Pre-pregnancy BMI, kg/m2 21.6 (19.5–24.4) 23.1 (21.6–24.7) NS

Day of Delivery

Fasting blood glucose, mg/dL

Gestational weight gain, kg 14.5 (11.8–15.6) 24.2 (21.3–25.5) < 0.001

Gestational BMI gain, kg/m2 5.6 (3.2–5.8) 8.3 (7.3–9.4) 0.00001

BMI at delivery, kg/m2 23.4 (23.8–29.1) 31.4 (29.9–32.1) 0.00001

Cesarean delivery, % 26 16 NS

2nd Day of Postpartum Period

BMI after delivery, kg/m2 21.9 (21.1 – 24.3) 28.3 (26.2–29.6) 0.00001

BMI loss after delivery, kg/m2 2.4 (2.1 – 4.2) 2.8 (2.1–3.2) NS

ΔBMI, kg/m2 0.86 (0.36–2.8) 5.6 (4.4–4.9) < 0.001

Albumin, g/dL 3.5 (3.3–3.7) 3.6 (3.4–3.7) NS

Hemoglobin A1c, % 5.2 (4.6–5.4) 5.5 (5–5.5) < 0.05

Total cholesterol, mg/dL 246 (188–287) 215 (197–249) NS

HDL, mg/dL 78.4 (75–82) 72 (59–79) < 0.05

LDL, mg/dL 129 (93–152) 112 (87–128) NS

Triglycerides, mg/dL 174 (152–254) 209 (179–258) < 0.05

Leptin, ng/mL 10.4 (6.2–15) 14.6 (12.4–47.6) NS

Ghrelin, ng/mL 0.8 (0.6–1.2) 1.2 (0.4–2.4) NS

FABP4, ng/mL 11.1 (10.8–11.6) 11.9 (10.3–15.5) NS

SFRP5, ng/mL 3.4 (2.6–7.9) 2.5 (1.2–5) < 0.05

Vaspin, pg/mL 1750.5 (519.6–1135.5) 499.9 (371.4–687.4) < 0.05

Total body water, L 30.3 (25.6–34.2) 34.9 (33.7–41) < 0.001

Extracellular water, L 14.7 (13.2–15.7) 16.8 (15.5–19.7) < 0.001

Intracellular water, L 15.8 (13.5–17.6) 18.9 (17.5–20) < 0.001

Body cell mass, kg 15.3 (12.8–19.1) 19.4 (16.6–21.1) < 0.01

Lean tissue index, kg/m2 10.6 (9.4–13.2) 12.9 (11.4–13.9) < 0.01

Fat tissue index, kg/m2 10.2 (9.1–13.7) 14.5 (13.3–17.2) <0.001

Leptin/HDL 0,1 (0.07–0.2) 0.2 (0.2–0.8) 0.0002

Leptin/LDL 0.08 (0.04–0.1) 0.2 (0.1–0.5) 0.00002

Leptin/triglycerides 0.05 (0.04–0.07) 0.1 (0.1–0.2) 0.002

Leptin/hemoglobin A1c 1.9 (1.2–2.8) 2.7 (2.4–8.6) < 0.05

Leptin/ghrelin 6.1 (2.8–22.9) 40.8 (6–52.5) 0.003

Leptin/FABP4 0.6 (0.6–1.3) 1.4 (0.9–4.2) < 0.05

Leptin/vaspin 17.2 (5.4–30.4) 36.3 (18.2–40.8) 0.003

Leptin/SFRP5 1.7 (0.7–2.4) 8.9 (3–17.9) 0.000002

Leptin/extracellular water 0.7 (0.4–1) 1 (0.8–2.2) < 0.05

Leptin/intracellular water 0.6 (0.4–0.9) 0.9 (0.7–2.2) < 0.05

Leptin/lean tissue index 0.8 (0.6–1.5) 1.3 (0.9–3.4) < 0.05

Leptin/fat tissue index 0.8 (0.6–1.1) 1.1 (1–2.8) 0.001

Leptin/body cell mass 0.6 (0.4–1) 0.9 (0.6–2.1) < 0.05

Six months after Delivery

PPWR, kg 10.2 (8.1–12) 4.6 (0–5.6) 0.0006

The results are shown as the median (interquartile range: 25–75%). Statistically significant values are given in bold. BMI — body mass index; ∆BMI — BMI gain in the period 
from pre-pregnancy to 48h after delivery; EGWG — excessive gestational weight gain; FABP4 — fatty acid binding protein 4; HDL — high-density lipoprotein cholesterol; 
LDL — low-density lipoprotein cholesterol; PPWR — postpartum weight retention; SFRP5 — secreted frizzled-related protein 5
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The greatest statistical significance (i.e., p = 0.000002) 

was observed in case of the ratio of serum leptin levels to 

those of SFRP5 (i.e., the leptin/SFRP5 ratio) in the EGWG 

women when compared to the healthy subjects (Fig. 2).

We noticed that PPWR was significantly higher in the 

EGWG group than in the women with normal gestational 

weight gain [10 kg (8–12) vs 4 kg (0–6)] (Fig. 3).

Correlation coefficients between PPWR at 6 months 

after delivery and clinical as well as laboratory parameters 

in the control and EGWG groups are presented in Table 2. We 

observed that PPWR correlated positively with gestational 

weight gain, BMI values at delivery, BMI gain in the period 

from pre-pregnancy to 48 h after delivery (i.e., BMI), fat tissue 

index, and leptin/SFRP5 ratio in the EGWG group as well as 

in all subjects (Tab. 2). The scatterplot diagram with a posi-

tive correlation between the leptin/SFRP5 ratio and PPWR 

in all subjects (i.e., from the control and healthy groups) is 

shown in Figure 4. A negative correlation occurred between 

Figure 2. Ratio of serum leptin and SFRP5 concentrations in the control 
and excessive gestational weight gain (EGWG) groups, *** p < 0.001; —
median; boxes — 25th to 75th percentiles; whiskers — non-outlier range
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Figure 3. The PPWR in the control and EGWG groups

Table 2. Correlation coefficient between PPWR at 6 months after 
delivery and clinical and laboratory parameters in the EGWG group 
and in all subjects

Variables EGWG Group All

Pre-pregnancy BMI –0.182 0.039

Gestational weight gain 0.871*** 0.444*

BMI at delivery 0.674*** 0.552**

2nd Day of Postpartum Period

ΔBMI 0.874*** 0.639***

Albumin 0.033 0.002

Total cholesterol 0.246 –0.158

HDL 0.327* –0.191

LDL –0.005 –0.266*

Triglycerides –0.199 0.168

Hemoglobin A1c –0.433* 0.177

Leptin –0.197 0.658***

Ghrelin 0.418* 0.244

FABP4 –0.13 –0.149

Vaspin –0.151 –0.436*

SFRP5 –0.812*** –0.679***

Total body water 0.349* 0.248

Extracellular water 0.492* 0.232

Intracellular water 0.361* 0.163

Lean tissue index 0.053 0.336

Fat tissue index 0.598** 0.367*

Leptin/HDL 0.394 0.718***

Leptin/LDL 0.474* 0.287

Leptin/triglycerides 0.383 0.389*

Leptin/hemoglobin A1c 0.489* 0.136

Leptin/ghrelin –0.232 0.232

Leptin/FABP4 0.439* 0.298

Leptin/vaspin 0.45* 0.297

Leptin/SFRP5 0.773*** 0.710***

Leptin/extracellular water 0.216 0.516**

Leptin/intracellular water 0.45* 0.254

Leptin/lean tissue index 0.282 0.482*

Leptin/fat tissue index 0.327 0.267

Leptin/body cell mass 0.467* 0.159

Statistically significant values are given in the bold type. *p < 0.05; **p < 0.001; 
***p < 0.0001. BMI — body mass index; ∆BMI — BMI gain in the period from 
pre-pregnancy to 48h after delivery; EGWG — excessive gestational weight gain; 
FABP4 — fatty acid-binding protein 4; HDL — high-density lipoprotein cholesterol; 
LDL — low-density lipoprotein cholesterol; PPWR — postpartum weight retention; 
SFRP5 — secreted frizzled-related protein 5
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PPWR and the serum SFRP5 level both in the EGWG and all 

women (Tab. 2).

In the multiple linear regression models, after adjust-

ments for gestational weight gain, leptin/SFRP5 ratio, fat 

tissue index, the serum concentrations of ghrelin and vaspin, 

PPWR depended positively on the gestational weight gain 

and the leptin/SFRP5 ratio (Tab. 3).

DISCUSSION
Nowadays, pre-pregnancy obesity and EGWG are per-

ceived as independent risk factors which account for preg-

nant and postpartum complications both in the mother and 

child [13, 14], thereby increasing their risk of developing 

chronic diseases later in life. PPWR defined as a failure to 

return to pre-pregnancy weight within 6 months follow-

ing delivery is associated with the long-term obesity and 

adverse health outcomes [15]. The cause of PPWR is multi-

faceted; however, it has been proposed that one potential 

pathway is through EGWG [16, 17].

The assessment of ratio of concentrations of differ-

ent biologically active substances has a well-documented 

significant impact in many clinical situations. The authors 

predominantly tend to concentrate on the proportion of 

serum concentrations of leptin and adiponectin at different 

stages of life with regard to body mass, BMI change or the  

increased risk of certain metabolic disorders [18, 19]. In  

the available literature some emphasis is also placed on the 

leptin/ghrelin index [20]. There is some evidence to sug-

gest different patterns of the central response to adipokine 

signaling depending on the weight rebound. The research 

carried out by Crujeiras et al. [21] pointed out that leptin and 

ghrelin concentrations were not identical in subjects who 

differently responded to intentional body mass reduction. 

This observation is in line with some other reports regarding 

leptin and ghrelin concentrations in normal weight individu-

als and those obese ones. It seems that weight regain may 

be associated with some central or peripheral resistance to 

these both hormones [21].

Table 3. Multiple linear regression analyses for the PPWR

Variables B β 95% CI p value

Gestational weight Gain
Leptin/SFRP5

0.912
–0.021

0.766
0.216

–0.712  1.112
–0.005 0.037

< 0.001
< 0.05

Adjusted for the gestational weight gain, leptin/SFRP5 ratio, fat tissue index, the serum concentrations of ghrelin and vaspin. Unstandardized β coefficients with 95% 
confidence interval (CI) and B linear regression coefficients are shown. Statistically significant values are presented. PPWR — postpartum weight retention; SFRP5 — secreted 
frizzled-related protein 5

Figure 4. A scatterplot diagram showing a positive correlation between the ratio of serum leptin and SFRP5 concentrations and PPWR in all subjects 
(i.e., from the control and healthy groups)
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BIA is used to assess the body composition and hydra-

tion status. This technique represents a non-invasive, reli-

able, and fast clinical approach, which is well tolerated by 

patients. A segmental impedance measurement might be 

advantageous in pregnant women, particularly in late preg-

nancy. It seems that BIA has a better prognostic potential 

for gestational and post-partum outcomes than body mass 

index. The BIA method can be successfully used to study the 

effect of excessive gestational weight gain in pregnancy on 

the development of obstetric complications [22].

We have concentrated on leptin and SFRP5 as potential 

biomarkers for the prediction and early diagnosis of PPWR. 

SFRP5 has been suggested a promising novel adipokine to 

be used in calculations with leptin [23, 24]. In our previous 

research [23] we pointed out that SFR5/leptin ratio could be 

successfully used as a metabolic index in women diagnosed 

with gestational diabetes mellitus in the early puerperium. 

In the present study, however, our team focused on the 

attempt to identify the leptin/SFRP5 ratio, which would 

reflect and predict the risk of PPWR at 6 months following 

the delivery. This parameter was calculated on the basis of 

the laboratory findings made 48 hours after delivery, which 

is when the placenta — representing an endocrine organ — 

has no further effect on the maternal metabolism. On the 

other hand, such an assessment to be performed two days 

after birth, which is usually before discharge, can be effec-

tively and safely made in hospital. Puerperal women after 

delivery, even a physiological one, are closely monitored 

and accordingly spend a few days in the ward entering the 

early postpartum period.

It was not without a reason why SFRP5 was chosen by us 

out of several new biomolecules to evaluate concentrations 

in the serum of women with EGWG in the early postpartum 

period in comparison with the healthy mothers. SFRP5 is 

a recently defined adipokine with highly probable anti-

inflammatory features, which appears to protect against 

insulin resistance, obesity, hepatic steatosis, fibrosis, and 

metabolic syndrome [3, 4, 25]. The secreted frizzled-related 

protein (SFRP) family consists of five identified secreted gly-

coproteins. SFRPs have been identified as negative modu-

lators of the wingless-type MMTV integration site family 

member (Wnt) signaling transduction pathway which is 

known to be involved in pancreatic development, β-cell 

proliferation, adiposity, insulin resistance and inflammation 

[3, 7, 26, 27]. As functional antagonists, both the Wnt family 

and SFRPs, control multiple biological processes, includ-

ing embryonic development, inflammation and immunity 

[28]. Additionally, Wnt signaling is engaged in placental 

vascularization and angiogenesis as well as in extraem-

bryonic development [25]. Furthermore, Canivell et al. [29] 

reported significantly increased levels of the serum SFRP5 

in the patients previously treated for T2DM who presented 

optimal glycemic control [29]. It appears that the circulat-

ing SFRP5 concentrations may depend on the metabolic 

disease severity and the effectiveness of treatment. Nev-

ertheless, Schulte et al. [24] showed that circulating SFRP5 

levels were not influenced by obesity but they increased 

with caloric restriction in very obese individuals. Ouchi et 

al. [7] also reported that after being put on a high-fat diet, 

genetically engineered SFRP5-lacking mice showed greater 

insulin resistance and adipose tissue inflammation due to 

an unrestrained wingless type MMTV integration site family 

member 5a (Wnt5a) activity. Interestingly, overexpression 

of SFRP5 in the adipocytes of these animals blocked the 

Wnt5a activity so that an inflammatory and insulin-resistant 

state could have been prevented [7]. As a result, the authors 

concluded that in the setting of an obese animal model, the 

SFRP5 secretion by adipocytes exerts salutary effects on 

metabolic dysfunction with anti-inflammatory properties 

within the adipose tissue [7].

There is very limited data regarding the SFRP5 concen-

trations in pregnant and puerperal women [23, 25, 30]. Our 

previous research revealed that in the gestational diabetes 

mellitus (GDM) group serum and urine SFRP5 levels correlat-

ed positively [30]. In the present study significant differences 

were found in the serum SFRP5 concentrations between the 

healthy study subjects and EGWG women. SFRP5 levels were 

decreased in the serum of the EGWG mothers at 48 hours 

after delivery. This vantage point seems to be important for 

understanding the current data and future findings regard-

ing the serum SFRP5 in pregnant, delivering and puerperal 

women. Pregnancy is by necessity a period of relative meta-

bolic plasticity during which physiological changes need to 

occur in order for the body to accommodate shifting nutri-

tional needs. These adaptations are achieved through a vari-

ety of mechanisms, including hormonal, metabolic and im-

munological alterations. Meanwhile, due to the normal body 

mass and BMIs before pregnancy and with normal OGTT  

results at 24–26 weeks of pregnancy, the patients in the 

EGWG group were not under accurate dietary control 

throughout their pregnancy. EGWG is currently considered 

the first step in the vicious circle and is arguably the most 

perilous implication of pregnancy affecting the future health 

of the mother [17]. Nowadays, many authors emphasize that 

EGWG is closely associated with the post-partum obesity  

[15, 31, 32]. It was observed that a high-fat diet during 

gestation causes the long-term post-partum obesity due 

to adverse programming of long-term post-partum energy 

metabolism by epigenetically reducing estrogen signaling 

in the white and brown adipose tissue in mice [32].

However, we reveal negative correlations between the 

serum SFRP5 levels at 48 hours after delivery and the values 

of PPWR in the EGWG mothers as well as in all subjects. 

Moreover, we were also able to point out that the PPWR was 
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positively dependent on the serum leptin/SFRP5 ratio. Each 

0.021 of increase in the leptin/SFRP5 ratio on the second day 

after delivery was associated with a 1-kilogram increase in 

the PPWR value 6 months after delivery. Interestingly, we 

found that the PPWR was also directly dependent on the 

gestational weight gain. An increase in gestational weight 

gain by 0.912 kilograms was associated with an increase 

in the PPWR value by 1 kilogram 6 months after delivery.

On the basis of the obtained results, we conclude that 

calculation of gestational weight gain and the ratio of serum 

concentrations of leptin and SFRP5 seem indeed to be very 

useful clinical parameters. They enable the early diagnosis 

and prediction of the mentioned maternal malnutrition in 

later life and in a majority of cases this assessment could be 

performed prior to discharge from hospital.

CONCLUSIONS
Both obstetricians and midwives should pay special 

attention to proper nutrition of pregnant women. Their 

education regarding the optimal gestational weight gain 

during the first pregnancy check-ups will pay dividends 

in the maternal programming for future diseases, such as 

dyslipidemia, insulin resistance, T2DM, overweight, obesity 

and metabolic syndrome.

The assessment of biophysical and biochemical param-

eters (i.e., serum leptin and SFRP5 concentrations as well as 

gestational weight gain) in the early postpartum period, 

when the mothers are usually hospitalized, seems to allow 

to predict the risk of greater body weight retention. The 

rate of weight loss after delivery as well as return to pre-

pregnancy BMI values seem to be important for the maternal 

future health and prevention of metabolic complications. 

Excessive weight gain during pregnancy is the primary fac-

tor for PPWR.

The calculation of leptin/SFRP5 ratio based on the 

quotient formula of serum concentrations of these two 

differently metabolically oriented adipokines appears  

a very useful clinical parameter. The early diagnosis of the 

anticipated problem with restoring the pre-pregnancy 

body mass can be initiated soon after delivery in hospital 

prior to discharge.

Undoubtedly, future research is required in order to 

confirm whether serum concentrations of leptin and SFRP5 

in the early puerperium can indeed effectively predict ma-

ternal PPWR and obesity.

Article information and declarations

Funding

This study was supported by the Medical University of Lublin 

(grant numbers 332 and 336).

Ethics statement 

The study was conducted according to the guidelines of 

the Declaration of Helsinki, and approved by the Bioeth-

ics Committee of the Medical University of Lublin (no. KE-

0254/221/2015 [25th June, 2015] and no. KE-0254/348/2016 

[15th December, 2016]).

Conflicts of interest

All authors declare no conflict of interest.

REFERENCES
1. Most J, Altazan AD, St Amant M, et al. Increased Energy Intake After 

Pregnancy Determines Postpartum Weight Retention in Women With 
Obesity. J Clin Endocrinol Metab. 2020; 105(4): e1601–e1611, doi: 
10.1210/clinem/dgz330, indexed in Pubmed: 31905403.

2. Farpour-Lambert NJ, Ells LJ, Martinez de Tejada B, et al. Obesity and 
Weight Gain in Pregnancy and Postpartum: an Evidence Review of Life-
style Interventions to Inform Maternal and Child Health Policies. Front 
Endocrinol (Lausanne). 2018; 9: 546, doi: 10.3389/fendo.2018.00546, 
indexed in Pubmed: 30319539.

3. Oh KJ, Lee DaS, Kim WK, et al. Metabolic Adaptation in Obesity and 
Type II Diabetes: Myokines, Adipokines and Hepatokines. Int J Mol 
Sci. 2016; 18(1), doi: 10.3390/ijms18010008, indexed in Pubmed: 
28025491.

4. Nakamura K, Fuster JJ, Walsh K. Adipokines: a link between obesity and 
cardiovascular disease. J Cardiol. 2014; 63(4): 250–259, doi: 10.1016/j.
jjcc.2013.11.006, indexed in Pubmed: 24355497.

5. Kimber-Trojnar Ż, Patro-Małysza J, Trojnar M, et al. Fatty Acid-Binding 
Protein 4-An “Inauspicious” Adipokine-In Serum and Urine of Post-
Partum Women with Excessive Gestational Weight Gain and Gestational 
Diabetes Mellitus. J Clin Med. 2018; 7(12), doi: 10.3390/jcm7120505, 
indexed in Pubmed: 30513800.

6. Patro-Małysza J, Trojnar M, Skórzyńska-Dziduszko KE, et al. Leptin and 
Ghrelin in Excessive Gestational Weight Gain-Association between Moth-
ers and Offspring. Int J Mol Sci. 2019; 20(10), doi: 10.3390/ijms20102398, 
indexed in Pubmed: 31096564.

7. Ouchi N, Higuchi A, Ohashi K, et al. Sfrp5 is an anti-inflammatory 
adipokine that modulates metabolic dysfunction in obesity. Science. 
2010; 329(5990): 454–457, doi: 10.1126/science.1188280, indexed in 
Pubmed: 20558665.

8. Izquierdo AG, Crujeiras AB, Casanueva FF, et al. Leptin, Obesity, and 
Leptin Resistance: Where Are We 25 Years Later? Nutrients. 2019; 11(11), 
doi: 10.3390/nu11112704, indexed in Pubmed: 31717265.

9. Toan NL, Van Hoan N, Cuong DV, et al. Adipose tissue-derived cytokines 
and their correlations with clinical characteristics in Vietnamese patients 
with type 2 diabetes mellitus. Diabetol Metab Syndr. 2018; 10: 41, doi: 
10.1186/s13098-018-0343-4, indexed in Pubmed: 29785210.

10. Rasmussen KM, Yaktine AL. Institute of Medicine (US) and National 
Research Council (US) Committee to Reexamine IOM Pregnancy Weight 
Guidelines. Weight Gain during Pregnancy: Reexamining the Guidelines. 
National Academies Press, Washington (DC), WA, USA. ; 2009.

11. Kajdy A, Sztajerowska J, Muzyka-Placzynska K, et al. Compliance with 
gestational weight gain recommendations in a cross-sectional study of 
term pregnancies - how far reality falls from the standard? Ginekol Pol. 
2021; 92(12): 884–891.

12. Shao HH, Hwang LC, Huang JP, et al. Postpartum Weight Retention Risk 
Factors in a Taiwanese Cohort Study. Obes Facts. 2018; 11(1): 37–45.

13. Nowak M, Kalwa M, Oleksy P, et al. The relationship between pre-
pregnancy BMI, gestational weight gain and neonatal birth weight:  
a retrospective cohort study. Ginekol Pol. 2019; 90(1): 50–54, doi: 
10.5603/GP.2019.0008, indexed in Pubmed: 30756371.

14. Radzicka-Mularczyk SA, Pietryga M, Brazert J. How mother’s obesity may 
affect the pregnancy and offspring. Ginekol Pol. 2020; 91(12): 769–772, 
doi: 10.5603/GP.2020.0116, indexed in Pubmed: 33447997.

15. Schlaff RA, Holzman C, Maier KS, et al. Associations Among Leisure-Time 
Physical Activity, Gestational Weight Gain, and Postpartum Weight Re-
tention With Varying Estimates of Prepregnancy Weight. Am J Lifestyle 
Med. 2017; 11(6): 501–510, doi: 10.1177/1559827615627144, indexed 
in Pubmed: 30202376.

http://dx.doi.org/10.1210/clinem/dgz330
https://www.ncbi.nlm.nih.gov/pubmed/31905403
http://dx.doi.org/10.3389/fendo.2018.00546
https://www.ncbi.nlm.nih.gov/pubmed/30319539
http://dx.doi.org/10.3390/ijms18010008
https://www.ncbi.nlm.nih.gov/pubmed/28025491
http://dx.doi.org/10.1016/j.jjcc.2013.11.006
http://dx.doi.org/10.1016/j.jjcc.2013.11.006
https://www.ncbi.nlm.nih.gov/pubmed/24355497
http://dx.doi.org/10.3390/jcm7120505
https://www.ncbi.nlm.nih.gov/pubmed/30513800
http://dx.doi.org/10.3390/ijms20102398
https://www.ncbi.nlm.nih.gov/pubmed/31096564
http://dx.doi.org/10.1126/science.1188280
https://www.ncbi.nlm.nih.gov/pubmed/20558665
http://dx.doi.org/10.3390/nu11112704
https://www.ncbi.nlm.nih.gov/pubmed/31717265
http://dx.doi.org/10.1186/s13098-018-0343-4
https://www.ncbi.nlm.nih.gov/pubmed/29785210
http://dx.doi.org/10.5603/GP.2019.0008
https://www.ncbi.nlm.nih.gov/pubmed/30756371
http://dx.doi.org/10.5603/GP.2020.0116
https://www.ncbi.nlm.nih.gov/pubmed/33447997
http://dx.doi.org/10.1177/1559827615627144
https://www.ncbi.nlm.nih.gov/pubmed/30202376


662

Ginekologia Polska 2023, vol. 94, no. 8

www. journals.viamedica.pl/ginekologia_polska

16. Siega-Riz AM, Evenson KR, Dole N. Pregnancy-related weight gain--a link 
to obesity? Nutr Rev. 2004; 62(7 Pt 2): S105–S111, doi: 10.1111/j.1753-
4887.2004.tb00079.x, indexed in Pubmed: 15387475.

17. Nehring I, Schmoll S, Beyerlein A, et al. Gestational weight gain and 
long-term postpartum weight retention: a meta-analysis. Am J Clin 
Nutr. 2011; 94(5): 1225–1231, doi: 10.3945/ajcn.111.015289, indexed 
in Pubmed: 21918221.

18. Pejsova H, Hubacek JA, Zemankova P, et al. Baseline Leptin/Adiponectin 
Ratio is a Significant Predictor of BMI Changes in Children/Adolescents 
after Intensive Lifestyle Intervention. Exp Clin Endocrinol Diabetes. 2019; 
127(10): 691–696, doi: 10.1055/a-0859-7041, indexed in Pubmed: 30841005.

19. Frühbeck G, Catalán V, Rodríguez A, et al. Adiponectin-leptin ratio:  
A promising index to estimate adipose tissue dysfunction. Relation with 
obesity-associated cardiometabolic risk. Adipocyte. 2018; 7(1): 57–62, 
doi: 10.1080/21623945.2017.1402151, indexed in Pubmed: 29205099.

20. Arabi YM, Jawdat D, Al-Dorzi HM, et al. Leptin, Ghrelin, and Leptin/
Ghrelin Ratio in Critically Ill Patients. Nutrients. 2019; 12(1), doi: 10.3390/
nu12010036, indexed in Pubmed: 31877773.

21. Crujeiras AB, Goyenechea E, Abete I, et al. Weight regain after a diet-
induced loss is predicted by higher baseline leptin and lower ghrelin 
plasma levels. J Clin Endocrinol Metab. 2010; 95(11): 5037–5044, doi: 
10.1210/jc.2009-2566, indexed in Pubmed: 20719836.

22. Obuchowska A, Standyło A, Kimber-Trojnar Ż, et al. The Possibility of Us-
ing Bioelectrical Impedance Analysis in Pregnant and Postpartum Wom-
en. Diagnostics (Basel). 2021; 11(8), doi: 10.3390/diagnostics11081370, 
indexed in Pubmed: 34441305.

23. Kimber-Trojnar Ż, Patro-Małysza J, Leszczyńska-Gorzelak B. SFRP5-leptin 
ratio as a promising index in post-partum women with gestational 
diabetes mellitus. J Educ Health Sport. 2019; 9(3): 40–47.

24. Schulte DM, Müller N, Neumann K, et al. Pro-inflammatory wnt5a and 
anti-inflammatory sFRP5 are differentially regulated by nutritional fac-
tors in obese human subjects. PLoS One. 2012; 7(2): e32437, doi: 10.1371/
journal.pone.0032437, indexed in Pubmed: 22384249.

25. Oztas E, Ozler S, Ersoy E, et al. Prediction of gestational diabetes 
mellitus by first trimester serum secreted frizzle-related protein-5 
levels. J Matern Fetal Neonatal Med. 2016; 29(9): 1515–1519, doi: 
10.3109/14767058.2015.1052399, indexed in Pubmed: 26100762.

26. Liu LB, Chen XD, Zhou XY, et al. The Wnt antagonist and secreted 
frizzled-related protein 5: implications on lipid metabolism, inflamma-
tion, and type 2 diabetes mellitus. Biosci Rep. 2018; 38(4), doi: 10.1042/
BSR20180011, indexed in Pubmed: 29789397.

27. Wang CP, Yu TH, Wu CC, et al. Circulating secreted frizzled-related protein 
5 and chronic kidney disease in patients with acute ST-segment eleva-
tion myocardial infarction. Cytokine. 2018; 110: 367–373, doi: 10.1016/j.
cyto.2018.04.009, indexed in Pubmed: 29807686.

28. Maekawa T, Kulwattanaporn P, Hosur K, et al. Differential Expression 
and Roles of Secreted Frizzled-Related Protein 5 and the Wingless 
Homolog Wnt5a in Periodontitis. J Dent Res. 2017; 96(5): 571–577, doi: 
10.1177/0022034516687248, indexed in Pubmed: 28095260.

29. Canivell S, Rebuffat S, Ruano EG, et al. Circulating SFRP5 levels are 
elevated in drug-naïve recently diagnosed type 2 diabetic patients as 
compared with prediabetic subjects and controls. Diabetes Metab Res 
Rev. 2015; 31(2): 212–219, doi: 10.1002/dmrr.2599, indexed in Pubmed: 
25139699.

30. Trojnar M, Patro-Małysza J, Kimber-Trojnar Ż, et al. Vaspin in Serum and 
Urine of Post-Partum Women with Excessive Gestational Weight Gain. 
Medicina. 2019; 55(3): 76, doi: 10.3390/medicina55030076.

31. Hollis JL, Crozier SR, Inskip HM, et al. Modifiable risk factors of ma-
ternal postpartum weight retention: an analysis of their combined 
impact and potential opportunities for prevention. Int J Obes (Lond). 
2017; 41(7): 1091–1098, doi: 10.1038/ijo.2017.78, indexed in Pubmed: 
28337028.

32. Qiao L, Chu K, Wattez JS, et al. High-fat feeding reprograms maternal 
energy metabolism and induces long-term postpartum obesity in mice. 
Int J Obes (Lond). 2019; 43(9): 1747–1758, doi: 10.1038/s41366-018-
0304-x, indexed in Pubmed: 30622311.

http://dx.doi.org/10.1111/j.1753-4887.2004.tb00079.x
http://dx.doi.org/10.1111/j.1753-4887.2004.tb00079.x
https://www.ncbi.nlm.nih.gov/pubmed/15387475
http://dx.doi.org/10.3945/ajcn.111.015289
https://www.ncbi.nlm.nih.gov/pubmed/21918221
http://dx.doi.org/10.1055/a-0859-7041
https://www.ncbi.nlm.nih.gov/pubmed/30841005
http://dx.doi.org/10.1080/21623945.2017.1402151
https://www.ncbi.nlm.nih.gov/pubmed/29205099
http://dx.doi.org/10.3390/nu12010036
http://dx.doi.org/10.3390/nu12010036
https://www.ncbi.nlm.nih.gov/pubmed/31877773
http://dx.doi.org/10.1210/jc.2009-2566
https://www.ncbi.nlm.nih.gov/pubmed/20719836
http://dx.doi.org/10.3390/diagnostics11081370
https://www.ncbi.nlm.nih.gov/pubmed/34441305
http://dx.doi.org/10.1371/journal.pone.0032437
http://dx.doi.org/10.1371/journal.pone.0032437
https://www.ncbi.nlm.nih.gov/pubmed/22384249
http://dx.doi.org/10.3109/14767058.2015.1052399
https://www.ncbi.nlm.nih.gov/pubmed/26100762
http://dx.doi.org/10.1042/BSR20180011
http://dx.doi.org/10.1042/BSR20180011
https://www.ncbi.nlm.nih.gov/pubmed/29789397
http://dx.doi.org/10.1016/j.cyto.2018.04.009
http://dx.doi.org/10.1016/j.cyto.2018.04.009
https://www.ncbi.nlm.nih.gov/pubmed/29807686
http://dx.doi.org/10.1177/0022034516687248
https://www.ncbi.nlm.nih.gov/pubmed/28095260
http://dx.doi.org/10.1002/dmrr.2599
https://www.ncbi.nlm.nih.gov/pubmed/25139699
http://dx.doi.org/10.3390/medicina55030076
http://dx.doi.org/10.1038/ijo.2017.78
https://www.ncbi.nlm.nih.gov/pubmed/28337028
http://dx.doi.org/10.1038/s41366-018-0304-x
http://dx.doi.org/10.1038/s41366-018-0304-x
https://www.ncbi.nlm.nih.gov/pubmed/30622311

	_Hlk122543077
	_Hlk5305917381
	_Hlk60474759
	_Hlk122622671
	_Hlk530573160
	_Hlk530591653
	_Hlk122540942
	_Hlk122540998
	_Hlk60054323

