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INTRODUCTION
Adipokines are involved in diverse processes. Serum adi-
ponectin levels may vary according to sex, and it is higher in 
women1. This difference is not observed between adolescents.

In adult pregnancy, it is established that the serum adi-
ponectin concentration decreases with the advancement and 
installation of insulin resistance (IR), returning to the pre-
gravid concentration after delivery. Studies indicate that there 
is a negative correlation between serum levels and gestational 
age2-4. Contrarily, there is a significant increase in plasma 
leptin levels with pregnancy progress4,5 which seems to play 
a crucial role in regulating placental growth, nutrient trans-
fer, angiogenesis, pulmonary maturation, and trophoblast 
invasion5,6. Impaired levels of adipokines have been associ-
ated with obstetric pathologies such as preeclampsia, intra-
uterine growth retardation (IUGR), gestational diabetes, and 
preterm birth7-10. Few studies have evaluated adipokines in 
adolescent pregnancy11-13. Noreña et al.14 reported that, in 
teenagers’ pregnancy, increased serum leptin levels are posi-
tively associated with IUGR.

It is now recognized that leptin, in addition to being an 
important mediator of energy balance, acts in the control 

of fertility and growth4,5. Leptin serum concentrations are 
greater in pregnant women than in non-pregnant women. 
Substantial increases in leptin levels occur early in pregnancy, 
before any significant increase in body weight, suggesting 
that factors other than adiposity are involved in the control 
of serum leptin levels10-13. Leptin concentrations peak in the 
second trimester of pregnancy and remain high until deliv-
ery6-8. The proposed physiological role of leptin during preg-
nancy is not yet known.

Adolescents appear to be at increased risk for adverse 
pregnancy outcomes, such as premature birth, low birth 
weight, preeclampsia, maternal death, and perinatal 
death15,16. In addition, it is known that pregnancy and 
childbirth complications are the main causes of mortal-
ity among adolescents in developing countries17. Despite 
the investigations carried out, it remains unclear whether 
these changes are associated with biological or sociode-
mographic factors. Therefore, this study aimed to eval-
uate weekly serum levels of adiponectin and leptin and 
investigate whether these adipokines’ levels are related to 
pre-gestational body mass index (BMI) and total weight 
gain throughout adolescent pregnancy.
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SUMMARY
OBJECTIVE: This study aimed to develop a curve of weekly serum levels of adiponectin and leptin among pregnant adolescents. In addition, pre-

gestational body mass index and weight gain were assessed and correlated with the serum concentration of these molecules.

METHODS: This was a prospective cohort study, including only pregnant adolescents with eutrophic pre-gestational body mass index who were 

weekly followed during the evolution of gestation. The serum concentrations of adipokines were determined using commercial ELISA kits and were 

correlated to pre-gestational body mass index and pregnancy weight gain. A total of 157 pregnant women participated in this study.

RESULTS: Adiponectin levels showed a significant decrease among the trimesters (p=0.0004). However, we did not observe significant differences 

among its levels when compared weekly, neither of which was between adiponectin concentration and pre-gestational body mass index or weight 

gain (p=0.36 and p=0.10, respectively). In contrast, we detected a significant increase in weekly serum leptin levels (p<0.0001), positively correlated 

to both pre-gestational body mass index and weight gain (p=0.003 and p=0.0007, respectively). 

CONCLUSION: These adipokines present a different profile throughout adolescent pregnancy.
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METHODS
This prospective cohort study was approved by the Research 
Ethics Committee of the Federal University of São Paulo 
(UNIFESP) under the consubstantiated opinion nº 1514/1. 
All adolescents attended in the Adolescent Prenatal Sector of the 
UNIFESP from February 2013 to March 2018 were included 
in the research after reading, understanding, and signing the 
informed consent form. As well as the respective guardians 
signed confirming their consent to participate in the study. 
The patients were followed during gestational evolution; every 
15 days, their nutrition status was evaluated through weight, 
height, and BMI. Blood samples were collected throughout 
pregnancy (from 9 to 39th gestational weeks), once in every 
trimester. In this study, pregnant women were between 12 and 
20 years of age and presented eutrophic pre-gestational BMI 
(18.5-24.9 kg/m²). Exclusion criteria were multiple gestations, 
use of corticosteroids, antibiotics, immunosuppressants, and 
anti-inflammatories, and adolescents with systemic disorders 
such as hypertension, diabetes mellitus, systemic lupus erythe-
matosus, rheumatoid arthritis, rheumatic fever, and asthma. 
In addition, patients who developed obstetric intercurrence 
with pregnancy progress were excluded. On the first prenatal 
visit, BMI was calculated based on the pre-gestational weight 
and height reported by the pregnant girl; after all, the weight 
gain of pregnant women usually changes in a short period of 
time. The nutritional diagnosis was established according to 
the Institute of Medicine (2009)18. Gestational weight gain 
was determined by the difference between the pre-gestational 
weight and the patient’s weight on her last pre-delivery visit.

According to the Ministry of Health, it is considered the 
first trimester of pregnancy from 0 to 14 weeks, the second tri-
mester from 14 to 26 weeks, and the third and last trimester 
and pregnancy from 27 to 40 weeks (2016)19.

A volume of 8 mL peripheral blood was collected (after 
12 h fasting) in tubes with spray-coated silica and polymer gel 
for serum separation (BD Diagnostics, Franklin Lakes, NJ, 
USA). After clot retraction, the sample was centrifuged, and 
the resultant serum was aliquoted and stored at -80°C until 
its assessment. We used commercial kits for all tests, and they 
were performed at the same time.

For serum adipokine levels, ELISA commercial kits were 
used – Human Adiponectin, Human Leptin Duoset (R&D 
Systems®, USA). Adiponectin and leptin sensitivity were 0.06 
ng/mL and 32.25 pg/mL, respectively. Intraassay and inter-
assay coefficients of variation (%) for adiponectin and leptin 
were 3.5 and 6.5 and 3.2 and 4.4%, respectively.

The normality tests such as skewness and kurtosis, 
Kolmogorov-Smirnov, and Shapiro-Wilk were applied to 

evaluate the quantitative variables. For the analysis of variance 
(ANOVA) between the groups, the repeated-measures ANOVA 
test was applied to measure parametric distributions, and the 
Friedman test was used to analyze the non-parametric ones, 
followed by Durbin-Watson post-tests or Dunn-Bonferroni 
post-test, respectively. For the analysis of categorical variables, 
the chi-square test was adopted. The Pearson test was applied 
to calculate the correlation coefficients. The level of significance 
was set at p<0.05. Statistical analyses were performed using the 
standard software GraphPad Prism, v6.0 for Windows (SPSS 
Inc., Chicago, IL, USA). No studies have been found allowing 
the calculation of sample size; therefore, we proposed to carry 
out a study that serves as the basis for future research. Thus, 
the totality of patients who suited the established parameters 
was included in the study period.

RESULTS
The study included 157 healthy pregnant adolescents, com-
prising 471 blood samples collected between the 9 and 39th 
gestational weeks. Table 1 shows the main characteristics of the 
participants. Pregnant women were between 12 and 20 years of 
age, with a mean age of 16.51 years (standard deviation 1.76).

Serum adiponectin levels exhibited significant differences 
with the evolution of pregnancy, characterized by a drop in 
concentration (p=0.0004; Friedman test). The data are pre-
sented in Table 2 and Figure 1A.

We did not observe a correlation between pre-gestational 
BMI, pregnancy weight gain, and serum adiponectin levels 
(p=0.36 and p=0.10, respectively). In addition, there were no 
statistical differences in serum adiponectin levels between the 
adolescents’ gestational weeks (Dunn-Bonferroni post-test). 
Conversely, we detected an increase in serum leptin levels with 
pregnancy progress (p<0.0001; repeated-measures ANOVA). 
The results are described in Figure 1B. We also observed sig-
nificant differences regarding serum leptin levels between ges-
tational weeks (Durbin-Watson post-test), particularly after 
the second trimester.

Finally, we identified a positive correlation between pre-ges-
tational BMI and pregnancy weight gain with serum leptin 
levels (p=0.003 and p=0.0007, respectively).

DISCUSSION
This research demonstrated the weekly changes in serum adi-
ponectin and leptin levels throughout gestation (from the 9 to 
39th gestational weeks). Similar to previous studies, we observed 
significant differences in adipokines concentrations between 
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pregnancy trimesters7,20,21. These adipokines present different 
profiles comparing weekly levels. Adiponectin concentration 
did not show relevant variations between weeks; neither was 
related to pre-pregnancy BMI and weight gain; contrarily, leptin 
exhibits significant changes considering week values; moreover, 
it is positively correlated with the evaluated variables.

Different studies have shown that these two adipokines 
exert different effects and present an opposite pattern during 
healthy pregnancy progress. Adiponectin seems to exhibit 

anti-inflammatory properties, whereas leptin plays an inflam-
matory role2-4,20.

Evidence supports that, in adult pregnancies, adiponectin 
is negatively correlated with gestational age20. Similar results 
were observed in this study with adolescents.

Some authors have reported that plasma adiponectin con-
centrations decrease gradually with the advancement of preg-
nancy due to fat tissue increase3. However, these values return 
to normal soon after delivery3. Studies have revealed that, in 

Table 1. Adiponectin serum concentrations (ng/mL) during the gestational weeks of adolescents.

Gestational week n Minimum 25% Interquartile range Medium 75% Interquartile range Maximum

9th 16 1,726 2,047 3,473 4,331 6,282

10th 16 1,141 2,507 3,733 5,267 7,295

11th 15 1,350 2,596 3,786 6,389 7,575

12th 15 1,058 2,891 3,677 5,263 6,924

13th 18 2,392 2,958 3,578 4,442 8,879

14th 16 1,507 1,570 3,149 3,823 5,690

15th 15 1,258 1,913 2,635 6,579 14,284

16th 15 1,001 1,514 2,569 6,250 10,943

17th 15 1,205 2,447 3,735 5,690 8,377

18th 15 1,205 2,476 3,781 4,483 6,579

19th 15 1,575 2,964 3,835 7,362 9,697

20th 15 1,322 1,599 2,998 3,459 5,960

21th 15 1,526 2,224 3,520 5,784 10,943

22th 15 1,579 2,152 3,369 4,954 9,697

23th 15 1,569 1,632 2,363 5,236 5,471

24th 15 1,233 3,349 4,183 6,940 8,520

25th 15 1,511 2,569 3,120 4,250 6,199

26th 15 1,540 1,789 2,286 4,445 5,391

27th 15 1,278 2,157 3,292 3,697 5,541

28th 15 1,353 2,458 3,520 4,723 8,588

29th 15 1,036 1,599 2,362 3,261 5,367

30th 15 1,169 1,838 2,372 3,336 4,445

31th 15 1,247 1,831 2,534 3,687 7,287

32th 15 1,007 1,951 2,326 3,372 6,352

33th 15 1,252 1,568 2,160 2,470 5,037

34th 15 1,158 1,336 2,564 3,569 5,348

35th 15 1,506 1,800 2,963 3,185 22,103

36th 15 1,621 1,883 2,610 4,789 9,056

37th 15 1,036 1,659 1,931 3,466 9,754

38th 15 1,509 1,943 2,964 3,233 5,031

39th 15 1,504 1,863 2,275 3,103 3,589

Friedman test, p=0.0004.



4

Rev Assoc Med Bras. 2023;69(9):e20230077

Adiponectin and leptin levels in adolescents

Table 2. Serum leptin concentrations (ng/mL) during the gestational 
weeks of adolescents.

Gestational 
Week

n Minimum Maximum Mean
Standard 
deviation

9th 16 9.6 59.75 24.29 14.83

10th 16 9.57 45.9 22.11 10.09

11th 15 11.29 98.01 38.46 30.29

12th 15 5.83 95.65 40.10 32.56

13th 18 11.48 103.3 29.91 22.45

14th 16 5.59 54.48 26.12 15.27

15th 15 2.15 65.16 24.51 16.51

16th 15 5.29 82.23 32.91 22.24

17th 15 7.74 43.74 18.47 10.69

18th 15 7.73 38.06 19.54 8.86

19th 15 8.84 55.34 28.1 11.16

20th 15 11.56 96.91 38.42 23,87

21th 15 12.85 54.45 28.34 11.01

22th 15 12.15 54.46 24.37 11.97

23th 15 7.18 55.45 33.53 15.64

24th 15 3.42 46.22 20.01 13.26

25th 15 4.76 61.51 21.84 17,05

26th 15 11.7 48.05 31.00 12.96

27th 15 4.47 51.06 26.15 13.98

28th 15 1.31 40.67 24.89 11.11

29th 15 11.05 69.42 31.59 16.25

30th 15 4.67 87.76 39.67 23.52

31th 15 11.88 83.12 40.42 23.78

32th 15 4.49 77.36 39.57 22.15

33th 15 11.04 160.2 39.30 39.22

34th 15 7.56 68.42 30.62 17.49

35th 15 12.38 85.75 45.52 21.32

36th 15 2.87 77.51 42.39 22.37

37th 15 14.17 79.61 40.15 16.93

38th 15 19.63 85.75 49.93 22.51

39th 15 11.07 85.5 34.75 20.57

Repeated-measures ANOVA, p<0.0001.

Figure 1. Serum adiponectin (A) and leptin (B) levels (ng/mL) during gestational weeks of adolescents.

healthy women, serum adiponectin concentration may be 
altered since the first trimester21.

The literature suggests that, unlike other hormones secreted 
by adipose tissue, serum adiponectin levels decrease as adipos-
ity increases, correlating inversely with obesity, IR, and met-
abolic syndrome21.

 Regarding leptin, our study showed the opposite result. 
We detected a significant increase as pregnancy trimesters advanced, 
which was also observed comparing values of gestational weeks. 
The literature indicates that plasma leptin concentrations increase 
during pregnancy in adults, especially when comparing the three 
trimesters of gestation with the postpartum decline21,22.

Different investigators have reported that, throughout ges-
tation, median adipokine levels differed significantly according 
to pre-gestational BMI. Changes in serum adipokines concen-
trations in overweight/obese seem to be different from those 
in lean and eutrophic groups23,24. Therefore, we selected only 
eutrophic adolescents. However, it is important to note that 
the accuracy of BMI to diagnose obesity is limited25.

Our results are consistent with data obtained in adult preg-
nancy studies, where a positive correlation was observed between 
maternal plasma leptin concentration and anthropometric data 
at the beginning and the end of gestation. This association sug-
gests that body weight and, probably, adiposity gain are critical 
factors for the increase in circulating leptin levels7,21.

Serum adipokines levels have been extensively investigated 
during pregnancy with the primary purpose of elucidating a 
possible relationship to obstetric and perinatal intercurrences 
such as preeclampsia, gestational diabetes, IUGR, and low 
birth weight21,22.

The opposite effects of adiponectin and leptin are well-known. 
Several studies focused on evaluating these serum adipokines lev-
els, in both adult and adolescent pregnancies, showing signifi-
cant differences between the gestational trimesters7,21,22. However, 
this is the first study addressing serum adiponectin and leptin 
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levels weekly, from the 9 to 39th gestational weeks. The observed 
weekly differences in serum leptin levels seem to be associated 
with the development of considerable maternal-fetal interface 
changes. Thus, samples collected at the same trimester of preg-
nancy, although in different weeks, may explain at least part of the 
existing contradictions between the studies. Furthermore, in the 
early third trimester, leptin concentration may be correlated with 
weight gain. However, this difference may not be detected later.

This study limitation is that we analyzed only peripheral 
blood samples. In addition, we only assessed the complete 
form of the adiponectin molecule. Specific forms (high or 
low molecular weight form) evaluation could lead to different 
results (i.e., significant differences between weeks or association 
with pre-pregnancy BMI or weight gain). Further research is 
required to confirm these findings, and it is crucial checking 
whether similar gestational curves of adipokines are observed 
in adult pregnant women.

CONCLUSION
Adiponectin levels showed a significant decrease when compar-
ing the three trimesters, whereas there were no significant level 
changes when compared weekly, and there was no correlation 
between adiponectin concentration and pre-gestational BMI 
or weight gain. In contrast, we detected a significant increase 
in weekly serum leptin levels, positively correlated to both 
pre-gestational BMI and weight gain.

AUTHOR’S CONTRIBUTIONS
CAFG: Conceptualization, Project administration, Validation, 
Visualization. IB: Data curation, Visualization, Writing – origi-
nal draft. MDF: Data curation, Visualization. KPTP: Formal 
Analysis, Visualization. EAJ: Visualization, Writing – review 
& editing. TFL: Investigation. SD: Methodology, Supervision, 
Validation, Visualization.

REFERENCES
1. Bidulesco A, Liu J, Hickson DA, Fox ER, Arnett DK, Sumner 

AE, et al. Gender differences in the association of visceral and 
subcutaneous adiposity with adiponectin in African Americans: the 
Jackson Heart Study. Cardiovasc Disord. 2013;22:13-9. https://
doi.org/10.1186/1471-2261-13-9

2. Mazaki-Tovi M, Romero R, Kusanovic JP, Erez O, Vaisbuch E, 
Gotsch F,et al. Adiponectin multimers in normal pregnancy. J 
Matern Fetal Neonatal Med. 2008;21:796-815. https://doi.
org/10.1080/14767050802266881

3. Zavalza-Gómez AB, Anaya-Prado R, Rincón-Sánchez AR, Mora-
Martínez JM. Adipokines and insulin resistance during pregnancy. 
Diabetes Res Clin Pract. 2008;80:8-15. https://doi.org/10.1016/j.
diabres.2007.12.012

4. Highman TJ, Friedman JE, Huston LP, Wong WW, Catalano PM. 
Longitudinal changes in maternal serum leptin concentration, 
body composition, and resting metabolic rate in pregnancy. Am 
J Obstet Gynecol. 1998;178:1010-5. https://doi.org/10.1016/
s0002-9378(98)70540-x

5. Sagawa N, Yura S, Itoh H, Mise H, Kakui K, Korita D, et al. Role of 
leptin in pregnancy - a review. Placenta. 2002;23:Suppl A:S80-6. 
https://doi.org/10.1053/plac.2002.0814

6. Spadafranca A, Piuri G, Bulfoni C, Liguori I, Battezzati A, Bertoli S, et al. 
Adherence to the Mediterranean diet and serum adiponectin levels 
in pregnancy: results from a cohort study in normal weight caucasian 
women. Nutrients. 2018;10(7):928. https://doi.org/10.3390/
nu10070928

7. Briana DD, Malamitsi-Puchner A. Reviews: adipocytokines in 
normal and complicated pregnancies. Reprod Sci. 2009;16:921-
37. https://doi.org/10.1177/1933719109336614

8. Pyrzak B, Ruminska M, Popko K, Demkow U. Adiponectin as a 
biomarker of the metabolic syndrome in children and adolescents. Eur 
J Med Res. 2010;15(Suppl 2):147-51. https://doi.org/10.1186/2047-
783x-15-s2-147

9. Song Y, Gao J, Qu Y, Wang S, Wang X, Liu J. Serum levels of leptin, 
adiponectin and resistin in relation to clinical characteristics in normal 
pregnancy and preeclampsia. Clin Chim Acta. 2016;458:133-7. 
https://doi.org/10.1016/j.cca.2016.04.036

10. Goto E. Maternal and cord blood adiponectin concentrations 
in small for gestational age: a meta-analysis. Ann Nutr Metab. 
2018;72:57-64. https://doi.org/10.1159/000485748

11. Scholl TO, Stein TP, Smith WK. Leptin and maternal growth during 
adolescent pregnancy. Am J Clin Nutr. 2000;72:1542-7. https://
doi.org/10.1093/ajcn/72.6.1542

12. Fernandes MD, Daher S, Sousa LM, Baratto I, Lobo TF, Araujo Júnior 
E, et al. Blood level of adipokines and nutritional status variables 
in adolescent pregnancy. Obstet Gynecol Sci. 2020;63:683-9. 
https://doi.org/10.5468/ogs.20102

13. Baratto I, Daher S, Lobo TF, Araujo Júnior E, Guazzelli CAF. 
Adiponectin and leptin serum levels in normal adolescent 
pregnancies. J Matern Fetal Neonatal Med. 2021;34:2019-24. 
https://doi.org/10.1080/14767058.2019.1651836

14. Noreña I, Pardo MP, Mockus I. Serum adipokine levels and insulin 
resistance in the first trimester of pregnancy in adolescents and 
their relationship with neonatal weight. Biomédica. 2018;38:427-
36. https://doi.org/10.7705/biomedica.v38i4.4035

15. Al-Ramahi M, Saleh S. Outcome of adolescent pregnancy at a 
University Hospital in Jordan. Arch Gynecol Obstet. 2006;273:207-
10. https://doi.org/10.1007/s00404-005-0055-5

16. Mukhopadhyay P, Chaudhuri RN, Paul B. Hospital-based perinatal 
outcomes and complications in teenage pregnancy in India. J Health 
Popul Nutr. 2010;28:494-500. 

17. World Health Organization. Adolescent Health. Geneva: World 
Health Organization; 2013. https://doi.org/10.3329/jhpn.
v28i5.6158

18. Padilha PDC, Accioly E, Veiga GV, Bessa TC, Libera BD, Nogueira 
JL, et al. The performance of various anthropometric assessment 
methods for predicting low birth weight in pregnant women. Rev 
Bras Saude Mater Infant. 2009;9:197-206.

https://doi.org/10.1186/1471-2261-13-9
https://doi.org/10.1186/1471-2261-13-9
https://doi.org/10.1080/14767050802266881
https://doi.org/10.1080/14767050802266881
https://doi.org/10.1016/j.diabres.2007.12.012
https://doi.org/10.1016/j.diabres.2007.12.012
https://doi.org/10.1016/s0002-9378(98)70540-x
https://doi.org/10.1016/s0002-9378(98)70540-x
https://doi.org/10.1053/plac.2002.0814
https://doi.org/10.3390/nu10070928
https://doi.org/10.3390/nu10070928
https://doi.org/10.1177/1933719109336614
https://doi.org/10.1186/2047-783x-15-s2-147
https://doi.org/10.1186/2047-783x-15-s2-147
https://doi.org/10.1016/j.cca.2016.04.036
https://doi.org/10.1159/000485748
https://doi.org/10.1093/ajcn/72.6.1542
https://doi.org/10.1093/ajcn/72.6.1542
https://doi.org/10.5468/ogs.20102
https://doi.org/10.1080/14767058.2019.1651836
https://doi.org/10.7705/biomedica.v38i4.4035
https://doi.org/10.1007/s00404-005-0055-5
https://doi.org/10.3329/jhpn.v28i5.6158
https://doi.org/10.3329/jhpn.v28i5.6158


6

Rev Assoc Med Bras. 2023;69(9):e20230077

Adiponectin and leptin levels in adolescents

19. Ministry of Health (MS). Vaccination booklet. Dhaka: Ministry of 
Health and Family Welfare; 2016.

20. Vähämiko S, Isolauri E, Laitinen K. Weight status and dietary intake 
determine serum leptin concentrations in pregnant and lactating 
women and their infants. Br J Nutr. 2013;110:1098-106. https://
doi.org/10.1017/S0007114513000214

21. Misra VK, Straughen JK, Trudeau S. Maternal serum leptin during 
pregnancy and infant birth weight: the influence of maternal 
overweight and obesity. Obesity. 2013;21:1064-9. https://doi.
org/10.1017/S0007114513000214

22. Castellano Filho DS, Amaral Correa JO, Santos Ramos P. Body weight 
gain and serum leptin levels of non overweight and overweight/
obese pregnant women. Med Sci Monit. 2013;19:1043-9. https://
doi.org/10.12659/MSM.884027

23. Hinkle SN, Rawal S, Liu D, Chen J, Tsai MY, Zhang C. Maternal 
adipokines longitudinally measured across pregnancy and 
their associations with neonatal size, length, and adiposity. Int 
J Obes. 2019;43:1422-34. https://doi.org/10.1038/s41366-
018-0255-2

24. Suto M, Maeda K, Sato M, Kaji T, Irahara M. Plasma adipokine 
concentrations in overweight/obese pregnant women: a longitudinal 
study. Gynecol Endocrinol. 2019;35:242-6. https://doi.org/10.10
80/09513590.2018.1512572

25. Okorodudu DO, Jumean MF, Montori VM, Romero-Corral A, 
Somers VK, Erwin PJ et al. Diagnostic performance of body mass 
index to identify obesity as defined by body adiposity: a systematic 
review and meta-analysis. Int J Obes. 2010;34:791-9. https://doi.
org/10.1038/ijo.2010.5

https://doi.org/10.1017/S0007114513000214
https://doi.org/10.1017/S0007114513000214
https://doi.org/10.1017/S0007114513000214
https://doi.org/10.1017/S0007114513000214
https://doi.org/10.12659/MSM.884027
https://doi.org/10.12659/MSM.884027
https://doi.org/10.1038/s41366-018-0255-2
https://doi.org/10.1038/s41366-018-0255-2
https://doi.org/10.1080/09513590.2018.1512572
https://doi.org/10.1080/09513590.2018.1512572
https://doi.org/10.1038/ijo.2010.5
https://doi.org/10.1038/ijo.2010.5

