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Much research has shown how important role leptin – a 
hormone secreted by adipose tissue – plays in the regu-
lation of human body weight, mainly due to its appetite-
decreasing effects. Under the conditions of energy bal-
ance, leptin is an indicator of the amount of triglycerides 
stored in adipose tissue. In contrast, in a state of hunger 
or overeating, it acts as an energy balance sensor, and 
when its level is too high, it fails to reduce food intake, 
disturbing maintenance of the proper body mass. Recent 
studies indicate that there is a relationship between a 
vegetarian diet and the decreased incidence of cardio-
vascular diseases, certain types of cancer and obesity. It 
has been noted that people on plant-based diets have 
lower body weight and percentage of body fat than 
omnivores. The aim of the study was to analyze the re-
lationship between serum leptin concentrations and the 
type of diet. The 143 female volunteers on a vegetarian, 
vegan or omnivore diet were enrolled in the study. All 
participants had normal body weight (BMI≥18.5<24.9kg/
m2). There were statistically significant differences in the 
serum leptin concentrations of the studied women. Both 
in the group of vegetarians and vegans circulating lep-
tin was significantly lower (p<0.001) than in the group 
of omnivores, with the lack of differences in neither BMI 
nor in body fat content. This suggests that leptin levels 
are affected not only by the amount of stored fat, but 
also by the consumed food. This observation indicates 
the health-promoting properties of plant diets, by influ-
encing circulating leptin.
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INTRODUCTION

An appropriately planned vegetarian diet is considered 
nutritionally adequate (Melina et al., 2016). Moreover, 
there are several papers documenting its positive role in 
the prevention and treatment of several diseases, includ-
ing obesity (Oussalah et al., 2020). Leptin, a hormone se-

creted from the adipose tissue cells, is deeply involved 
in appetite regulation and maintenance of energetic ho-
meostasis. High levels of leptin (observed in obese sub-
jects) result in leptin resistance, which is responsible for 
increased food consumption, disturbances in lipid and 
carbohydrate metabolism, and, consequently, further ex-
cessive fat accumulation (Park & Ahima, 2015). Thus, it 
is important to identify factors which may be helpful in 
lowering circulating leptin in order to keep sensitivity to 
this hormone. The essential factors affecting serum lev-
els of this adipocytokine are the number and size of the 
adipocytes (Gogga et al., 2011).

 It is well-established that people following plant-
based diets have lower BMI values, which contributes to 
lower levels of leptin in vegetarians (Dinu et al., 2017; 
Kim & Bae, 2015). However, some findings suggest 
that diet composition may be relevant for leptin levels, 
even without reducing body mass (Ambroszkiewicz et 
al., 2011; Kratz et al., 2002; Winnicki et al., 2002). The 
current study compared serum leptin concentrations be-
tween subjects on different diet types (omnivores, veg-
etarians, and vegans), with the same BMI (normal), in an 
attempt to investigate the impact plant-based diets may 
have on the circulating leptin.

Material and Methods

The study was approved by the local Independent 
Bioethics Commission for Scientific Research at the 
Medical University of Gdańsk (no: NKBBN/234/2016) 
and was part of the project: “The influence of meat-free 
diet on serum levels of leptin, obesity markers and gut 
microbiome in vegetarian and vegan subjects” (no: 01-
0293/08/316).

Participants

A total of 143 female volunteers (47 vegans, 55 veg-
etarians and 41 omnivores) were recruited for the study. 
The group of vegetarians included lacto-, ovo- and lacto-
ovo-vegetarians. Participants were classified as controls 
(meat-eaters) if they claimed to consume meat at least 
five times a week. Vegetarians and vegans consumed no 
meat or fish. The first group’s diet included animal-de-
rived products (dairy and/or eggs and/or honey), while 
the vegan group’s diet comprised only plant products.

All women were apparently healthy and had a normal 
BMI (18.5–24.99). The basic characteristics of diet in 
studied groups are presented in Table 1.

 Participants were recruited for the study via elec-
tronic media – information about the research, includ-
ing its purpose, course and instructions on how to join, 
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were issued on Facebook. The inclusion criteria for the 
study group were as follows: refraining from eating meat 
for at least three months continuously, absence of eat-
ing disorders, and not being pregnant. Subjects from the 
control group (omnivores) were supposed to consume 
meat regularly and meet the same additional criteria as 
the study group.

Prior to the onset of the study, all included women 
provided informed consent – their participation in the 
project was fully voluntary. They underwent two con-
sultations with a dietitian. During the first consultation, 
they provided detailed information about the specificity 
and longevity of their diet and health status.

Anthropometric measurements

The following anthropometric parameters were meas-
ured in all participants:
• body mass (Jawon Medical X-contact 350) and height 

(stadiometer Physical activity, medium CA 213, Ger-
many), for calculating body mass index (BMI) value

• circumference of waist and hip (tape measure Seca 
201), essential for calculating waist-to-hip ratio (WHR)

• body composition (the content of body fat) was esti-
mated with the bioelectrical impedance analysis (BIA) 
method (Jawon Medical X-contact 350).
Peripheral venous blood was obtained from subjects 

after an overnight fast. Immediately after collection, the 
blood was centrifugated to obtain serum. Collected sam-
ples were stored at –32°C before analysis. An immu-
noenzymatic test (ELISA) was used (Demeditec Diag-
nostics GmbH, Germany) to determine serum leptin lev-
els, and a microplate reader was used (Biorad, USA) for 
visualization. The standard curve was calculated using 
GraphPad Prism 4.0 (GraphPad, San Diego, CA, USA). 
The range of values of standard samples provided by the 

manufacturer was 1–100 ng/ml. Samples of known val-
ues were used in further analyses as additional controls.

Physical activity

Physical activity assessment was based on PAL (Physi-
cal Activity Level) values, which were attributed accord-
ing to the information provided by all women during 
an interview with a dietitian. All participants were as-
signed to one of three categories – low physical activ-
ity (PAL≤1.69), medium physical activity (PAL 1.7–1.99) 
or high physical activity (PAL≥2.0) (FAO/WHO/UNU 
2004).

Statistical Analysis

All calculations were made using Statistica 12 (Stat-
soft). Serum leptin concentrations, BMI, and body 
fat were compared using the Kruskal-Wallis test, with 
Dunn’s test applied post-hoc. The same tests were used 
for comparisons of age and WHR between analysed 
groups. Time on diet was compared between two plant-
based diet groups with Mann-Whitney test. Pearson’s 
chi-squared test was applied to check if the level of 
physical activity is the same in each group. For Spear-
man’s rank correlation coefficient was used to identify 
correlations between leptin levels and age and time on 
the diet (for plant-based diets). A multivariable regres-
sion model was used to determine the contribution of 
different factors affecting serum leptin levels. p<0.05 was 
considered statistically significant.

RESULTS

Statistically significant differences were observed 
in serum leptin levels between both plant-diet groups 

Table 1. Comparison of basic characteristics in different diet groups. Me – median, QD – quartile deviation; WHR – waist to hip ratio.

Parameter Diet type Me QD N

Age [years]

vegan 25 4.5 47

vegetarian 26 3.5 55

omnivore 30 4.5 41

BMI [kg/m2]

vegan 20.9 1.2 47

vegetarian 21.3 1.4 55

omnivore 21.3 1.2 41

Body fat [%]

vegan 24.4 3.1 47

vegetarian 25.0 15.6 55

omnivore 25.8 2.2 41

WHR

vegan 0.76 0.03 46

vegetarian 0.75 0.04 55

omnivore 0.78 3.03 41

Time on the diet [years]
vegan 2.3 1.1 47

vegetarian 2.4 2.9 51

Table 2. Serum levels of leptin in different diet groups [ng/ml]. Me – median, QD – quartile deviation, Min – minimum value, Max – 
maximum value.

Diet type Me QD Min Max N

vegan 6.1 3.1 1.0 18.3 47

vegetarian 6.9 4.6 1.1 20.8 55

omnivore 8.8 5.3 3.0 29.2 41
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and omnivores (H2,143=14.72, p<0.001) (Table 2). Me-
dians were lower in vegans (p=0.001) and vegetarians 
(p=0.004) than in meat-consumers.

There were no differences in BMI values (H2,143=1.77, 
p=0.41) and the percentage of body fat content 
(H2,143=2.57, p=0.28) between all groups. Although body 
fat tended to be higher in omnivores than in vegans and 
vegetarians, the differences in this parameter did not 
reach statistical significance.

Low PA was detected in 48.7% of omnivorous, 58% 
of vegetarians and 40.4% of vegans, high PA level was 
presented in only 3 subjects (2 omnivorous and 1 vege-
tarian). No differences were observed in physical activity 
level between groups (χ2=6.26, p=0.18). A positive sta-
tistically significant relationship was found for circulating 
leptin and body fat content in all groups, but there were 
no correlations between leptin levels and age or plant 
diet duration (Table 3).

The multivariable regression model showed that fac-
tors influencing the level of leptin in the examined wom-
en were type of diet (p<0.001) and body fat percentage 
(p<0.001), while age, BMI, time on the diet and physical 
activity had no impact on this parameter (Table 4).

DISCUSSION

It is known that leptin is deeply involved in the reg-
ulation of lipid and carbohydrate metabolism and, as 
such, it controls adiposity and body mass (Gogga et al., 
2011). Moreover, since increased levels of this adipokine 
(characteristic of obesity) are an important risk factor for 
the development of metabolic syndrome (with additional 
comorbidities such as diabetes mellitus type 2 and car-
diovascular diseases; Ghadge & Khaire, 2019), it is of 
great importance to identify factors that may influence 

leptin expression and secretion. Generally, leptin concen-
trations are proportional to the amount of stored lipids, 
i.e. number and size of the adipose tissue cells (Gogga 
et al., 2011). People on plant-based diets usually have 
lower BMI than those on meat-containing diets (Turn-
er-McGrievy et al., 2017), what may entail higher leptin 
concentrations. In a small preliminary study, we have 
shown that people on different types of vegetarian diet 
had lower circulating leptin than omnivores, and this ob-
servation correlated with lower body fat content (Gogga 
et al., 2019). However, the aim of the following study 
was the comparison of serum leptin between subjects on 
different diet types (omnivores, vegetarians and vegans), 
with statistically the same fat content and BMI. Results 
of multiple regression analysis indicated that type of diet 
used, and the body fat percentage are independent pre-
dictors of leptin levels.

Similar results have been previously described involv-
ing differences in leptin concentrations in subjects with 
statistically the same BMI and usual diet. As an example, 
in a cross-sectional study, circulating leptin was measured 
in 831 healthy women. The so-called ‘healthy plant-based 
diet index’ (which included whole grains, fruits, vegeta-
bles, nuts, legumes, oils, tea/coffee) was associated with 
lower plasma leptin (Baden et al., 2019).

Based on both animal experiments and human trials, 
it appears that the crucial dietary factor influencing cir-
culating leptin is fatty acid composition. In rats, a high-
fructose and coconut oil diet elevated serum leptin levels 
compared with a high-fructose and soybean oil diet and 
control groups (Lin et al., 2017). In a study encompass-
ing women with polycystic ovary syndrome (PCOS), au-
thors observed a positive correlation between circulating 
leptin and the intake of total fat and particular lipid frac-
tions, namely MUFA and PUFA, and total cholesterol 

Table 3. Analysis of correlation between leptin levels, age and plant-based diet duration. RS – Spearman’s rank correlation coefficient.

Diet type Parameter RS p value N

BMI [kg/m2]

vegan 0.42 0.003 47

vegetarian 0.18 0.19 55

omnivore 0.43 0.005 41

Body fat [%]

vegan 0.39 0.006 47

vegetarian 0.34 0.01 55

omnivore 0.52 <0.001 41

Age [years]

vegan –0.05 0.74 47

vegetarian –0.22 0.11 55

omnivore 0.02 0.88 41

Time on the diet [years]
vegan –0.08 0.60 47

vegetarian 0.003 0.98 51

Table 4. Multivariate regression model predicting serum levels of leptin (the adjusted R2 of the model was 0.23). Physical activity was 
assessed as low, medium or high based on the PAL ratio values. N – 142. SE – standard error.

Regression model B SE Beta p value

Constant –118.7 58.6 <0.05

Type of diet 0.761 0.22 0.26 <0.001

Age [years] –0,084 0.05 –0.12 0.12

Body fat [%] 0.749 0.21 0.47 <0.001

BMI [kg/m2] –0.258 0.44 –0.07 0.56

Physical activity 0.354 0.56 0.07 0.53
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(Polak et al., 2020). Saturated fatty acids also had an im-
pact on circulating leptin also in pregnant women, whose 
total serum SFA levels were positively correlated with 
concentrations of this hormone (Lepsch et al., 2016). 
Moreover, a similar result was also observed in healthy 
non-obese women after implementing a high-fat diet 
based on rapeseed oil (rich in MUFA and ALA) for four 
weeks. This diet slightly increased leptin levels in men 
and significantly increased these levels in women (Kratz 
et al., 2002). It is known that fatty acid composition dif-
fers when comparing vegetarians – especially vegans – 
with omnivores, as they consume more PUFA and sig-
nificantly less SFA (Clarys et al., 2014), which, to some 
extent, may be responsible for the observed results.

Some authors have suggested that dietary fibre may 
have an impact on leptin levels. In a study of young, 
healthy women from Japan, high fibre intake was associ-
ated with lower leptin concentrations, and this was in-
dependent of BMI (Murakami et al., 2007). As for food 
groups, intake of vegetables and pulses was also nega-
tively correlated with circulating leptin (Murakami et al., 
2007), and these products are consumed by people on 
plant-based diets in considerable amounts, higher than in 
the general population (Clarys et al., 2014). The influence 
of fibre intake on circulating leptin was also examined in 
an interventional trial. In a randomized, controlled, dou-
ble-blind study, healthy adults were given muffins either 
enriched with resistant starch or the same muffins with-
out additional fibre. After a 6-week study of the group 
consuming enriched muffins, lower serum leptin concen-
trations were observed, without changes in total calorie 
intake or in body composition (Maziarz et al., 2017).

The above findings correspond with results obtained 
by Rostami and others (Rostami et al., 2017), who 
showed that diet composition affects leptin gene ex-
pression in adipocytes (both in visceral and subcutane-
ous fat depots). They found that in adults, the expres-
sion of the leptin encoding gene was positively related 
to the amount of consumed SFA, while a higher intake 
of MUFA and PUFA decreased gene expression of this 
adipokine, which was observed as lower mRNA levels in 
adipose tissue cells. These findings suggest the role of a 
habitual diet, especially the fatty acid composition, in de-
termining blood leptin concentrations through epigenetic 
factors.

The main limitations of our study are relatively small 
study groups, as well as the lack of a very detailed analy-
sis of the diet. However, although the following study 
was a cross-sectional one, we demonstrated an associa-
tion between leptin and diet type in very homogeneous 
groups, considering sex and age, and anthropometric 
features – especially BMI and body fat content.

CONCLUSIONS

Our results show that plant-based diets may be associ-
ated with lower circulating leptin levels in healthy sub-
jects, thus it seems reasonable to suggest that properly 
planned vegetarian diets may possibly provide protection 
against obesity and related negative health outcomes in a 
safe and cost-effective manner. However, these findings 
need confirmation in thorough clinical studies.

REFERENCES

Ambroszkiewicz J, Klemarczyk W, Gajewska J, Chełchowska M, Ro-
wicka G, Ołtarzewski M, Laskowska-Klita T (2011) Serum concen-
tration of adipocytokines in prepubertal vegetarian and omnivorous 
children. Med Wieku Rozwoj 15: 326–334. PMID: 22006488

Baden MY, Liu G, Satija A, Li Y, Sun Q, Fung TT, Rimm EB, Willett 
WC, Hu FB, Bhupathiraju SN (2019) Changes in plant-based diet 
quality and total and cause-specific mortality. Circulation 140: 979–
991. https://doi.org/10.1161/CIRCULATIONAHA.119.041014

Clarys P, Deliens T, Huybrechts I, Deriemaeker P, Vanaelst B, de 
Keyzer W, Hebbelinck M, Mullie P (2014) Comparison of nutri-
tional quality of the vegan, vegetarian, semi-vegetarian, pesco-veg-
etarian and omnivorous diet. Nutrients 6: 1318–1332. https://doi.
org/10.3390/NU6031318

Dinu M, Abbate R, Gensini GF, Casini A, Sofi F (2017) Vegetarian, 
vegan diets and multiple health outcomes: A systematic review with 
meta-analysis of observational studies. Crit Rev Food Sci Nutr 57: 
3640–3649. https://doi.org/10.1080/10408398.2016.1138447

Ghadge AA, Khaire AA (2019) Leptin as a predictive marker for 
metabolic syndrome. Cytokine 121: https://doi.org/10.1016/J.
CYTO.2019.154735

Gogga P, Karbowska J, Meissner W, Kochan Z (2011) Role of leptin 
in the regulation of lipid and carbohydrate metabolism. Adv Hygiene 
Exp Med 65: 255–262. https://doi.org/10.5604/17322693.940259

Gogga P, Śliwińska A, Aleksandrowicz-Wrona E, Małgorzewicz S 
(2019) Association between different types of plant-based diets and 
leptin levels in healthy volunteers. Acta Biochim Pol 66: 77–82. htt-
ps://doi.org/10.18388/abp.2018_2725

Human energy requirements: report of a joint FAO/ WHO/UNU Ex-
pert Consultation (2005) Food Nutr Bull 26: 166. PMID: 15810802

Kim M-H, Bae Y-J (2015) comparative study of serum leptin and 
insulin resistance levels between Korean postmenopausal vegetar-
ian and non-vegetarian women. Clin Nutr Res 4: 175. https://doi.
org/10.7762/CNR.2015.4.3.175

Kratz M, von Eckardstein A, Fobker M, Buyken A, Posny N, Schulte 
H, Assmann G, Wahrburg U (2002) The impact of dietary fat com-
position on serum leptin concentrations in healthy nonobese men 
and women. J Clin Endocrinol Metab 87: 5008–5014. https://doi.
org/10.1210/JC.2002-020496

Lepsch J, Farias DR, Vaz J dos S, de Jesus Pereira Pinto T, da Sil-
va Lima N, Freitas Vilela AA, Cunha M, Factor-Litvak P, Kac G 
(2016) Serum saturated fatty acid decreases plasma adiponectin and 
increases leptin throughout pregnancy independently of BMI. Nutri-
tion 32: 740–747. https://doi.org/10.1016/J.NUT.2016.01.016

Lin CI, Shen CF, Hsu TH, Lin SH (2017) A high-fructose-high-coco-
nut oil diet induces dysregulating expressions of hippocampal leptin 
and stearoyl-CoA desaturase, and spatial memory deficits in rats. 
Nutrients 9: 619. https://doi.org/10.3390/NU9060619

Maziarz MP, Preisendanz S, Juma S, Imrhan V, Prasad C, Vijayagopal 
P (2017) Resistant starch lowers postprandial glucose and leptin in 
overweight adults consuming a moderate-to-high-fat diet: A rand-
omized-controlled trial. Nutr J 16: 1–10. https://doi.org/10.1186/
S12937-017-0235-8/FIGURES/2

Melina V, Craig W, Levin S (2016) Position of the Academy of nutri-
tion and dietetics: vegetarian diets. J Acad Nutr Diet 116: 1970–1980. 
https://doi.org/10.1016/J.JAND.2016.09.025

Murakami K, Sasaki S, Takahashi Y, Uenishi K, Yamasaki M, Hayabu-
chi H, Goda T, Oka J, Baba K, Ohki K, Watanabe R, Sugiyama Y 
(2007) Nutrient and food intake in relation to serum leptin con-
centration among young Japanese women. Nutrition 23: 461–468. 
https://doi.org/10.1016/J.NUT.2007.04.006

Oussalah A, Levy J, Berthezène C, Alpers DH, Guéant JL (2020) 
Health outcomes associated with vegetarian diets: An umbrella re-
view of systematic reviews and meta-analyses. Clin Nutr 39: 3283–
3307. https://doi.org/10.1016/J.CLNU.2020.02.037

Park HK, Ahima RS (2015) Physiology of leptin: energy homeostasis, 
neuroendocrine function and metabolism. Metabolism 64: 24–34. htt-
ps://doi.org/10.1016/J.METABOL.2014.08.004

Polak AM, Krentowska A, Łebkowska A, Buczyńska A, Adamski M, 
Adamska-Patruno E, Fiedorczuk J, Krętowski AJ, Kowalska I, 
Adamska A (2020) The association of serum levels of leptin and 
ghrelin with the dietary fat content in non-obese women with poly-
cystic ovary syndrome. Nutrients 12: 1–15. https://doi.org/10.3390/
NU12092753

Rostami H, Samadi M, Yuzbashian E, Zarkesh M, Asghari G, Hedayati 
M, Daneshafrooz A, Mirmiran P, Khalaj A (2017) Habitual dietary 
intake of fatty acids are associated with leptin gene expression in 
subcutaneous and visceral adipose tissue of patients without diabe-
tes. Prostaglandins Leukot Essent Fatty Acids 126: 49–54. https://doi.
org/10.1016/J.PLEFA.2017.09.010

Turner-McGrievy G, Mandes T, Crimarco A (2017) A plant-based 
diet for overweight and obesity prevention and treatment. J Geri-
atr Cardiol 14: 369–374. https://doi.org/10.11909/J.ISSN.1671-
5411.2017.05.002

Winnicki M, Somers VK, Accurso V, Phillips BG, Puato M, 
Palatini P, Pauletto P (2002) Fish-rich diet, leptin, and body 
mass. Circulation 106: 289–291. https://doi.org/10.1161/01.
CIR.0000025241.01418.4D

https://doi.org/10.1161/CIRCULATIONAHA.119.041014
https://doi.org/10.3390/NU6031318
https://doi.org/10.3390/NU6031318
https://doi.org/10.1080/10408398.2016.1138447
https://doi.org/10.1016/J.CYTO.2019.154735
https://doi.org/10.1016/J.CYTO.2019.154735
https://doi.org/10.5604/17322693.940259
https://doi.org/10.18388/abp.2018_2725
https://doi.org/10.18388/abp.2018_2725
https://doi.org/10.7762/CNR.2015.4.3.175
https://doi.org/10.7762/CNR.2015.4.3.175
https://doi.org/10.1210/JC.2002-020496
https://doi.org/10.1210/JC.2002-020496
https://doi.org/10.1016/J.NUT.2016.01.016
https://doi.org/10.3390/NU9060619
https://doi.org/10.1186/S12937-017-0235-8/FIGURES/2
https://doi.org/10.1186/S12937-017-0235-8/FIGURES/2
https://doi.org/10.1016/J.JAND.2016.09.025
https://doi.org/10.1016/J.NUT.2007.04.006
https://doi.org/10.1016/J.CLNU.2020.02.037
https://doi.org/10.1016/J.METABOL.2014.08.004
https://doi.org/10.1016/J.METABOL.2014.08.004
https://doi.org/10.3390/NU12092753
https://doi.org/10.3390/NU12092753
https://doi.org/10.1016/J.PLEFA.2017.09.010
https://doi.org/10.1016/J.PLEFA.2017.09.010
https://doi.org/10.11909/J.ISSN.1671-5411.2017.05.002
https://doi.org/10.11909/J.ISSN.1671-5411.2017.05.002
https://doi.org/10.1161/01.CIR.0000025241.01418.4D
https://doi.org/10.1161/01.CIR.0000025241.01418.4D

