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Highlights 

 Fasted salivary ghrelin concentrations were not associated with fasted plasma ghrelin 

concentrations. 

 Postprandial changes in salivary ghrelin in response to test drinks varying in protein 

content and quantity were unrelated to changes in plasma ghrelin. 

 Salivary ghrelin was not associated with ad libitum energy intake or appetite 

perceptions. 
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Abstract 

Salivary hormone analysis is a non-invasive alternative to blood-borne hormone analysis. 

The orexigenic hormone ghrelin has been detected in human saliva, though the relationship 

between salivary and blood-borne ghrelin and salivary ghrelin’s association with energy 

intake (EI) and appetite remains unclear. The primary aim of this study was to compare 

salivary and plasma ghrelin responses to dairy breakfast drinks varying in protein content and 

quantity, and to determine the relationship between salivary ghrelin and EI and appetite. 

Participants (n = 25) consumed four test drinks, varying in protein content and quantity, on 

four separate days in a double-blind randomized controlled study. Salivary and plasma total 

ghrelin were measured at 0, 30, 60 and 120 min and appetite perceptions at 0, 30, 60, 90 and 

120 min. A buffet-style test meal was presented at 120 min to measure ad libitum EI. There 

was no correlation between the sample means for fasted salivary and plasma ghrelin (r = 

0.099, p = 0.637). Furthermore, there was no within-participant association between fasted 

salivary and plasma ghrelin (r = -0.041, p = 0.725). Mean bias between fasted salivary and 

plasma ghrelin was -448 pg/ml (95% confidence intervals (CI) = -623 – -273 pg/ml) and 

upper and lower limits of agreement (LOA) were 427 pg/ml and -1324 pg/ml, respectively. 

Variation in postprandial levels of salivary and plasma ghrelin within-participants were not 

associated (r = -0.004, p = 0.943). There was no significant association between EI and 

salivary (r = 0.003, p = 0.979) or plasma (r = -0.080, p = 0.492) ghrelin. Salivary ghrelin was 

not significantly correlated with composite appetite score (r = 0.023; p = 0.654), though 

plasma ghrelin was (r = 0.225, p < 0.001). Mean bias between postprandial salivary and 

plasma ghrelin was -210 pg/ml (95% CI = -380 – -40 pg/ml) and upper and lower LOA were 

641 pg/ml and -1061 pg/ml, respectively. These findings suggest that salivary and plasma 

ghrelin responses to drinks varying in protein content and quantity are unrelated and that 

salivary ghrelin is not associated with EI or appetite perceptions in healthy non-obese adults. 

This trial was registered at www.clinicaltrial.gov (NCT01597024). 

 

Keywords: ghrelin; saliva; energy intake; appetite; protein   
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1. Introduction 

Ghrelin is a 28-amino acid peptide and an endogenous ligand for the growth-hormone 

secretagogues receptor [1]. Ghrelin has multiple physiological functions, including the 

regulation of adiposity, glucose metabolism and food intake [2]. When infused into human 

circulation, ghrelin has been shown to stimulate food consumption and feelings of hunger 

[3,4]. Blood concentrations of ghrelin typically peak immediately prior to a meal, triggering 

hunger, and are then suppressed to nadir concentrations within 1 hour after eating [5]. Ghrelin 

is predominantly produced within the stomach [6], though the hormone has been detected in 

many organs, including human salivary glands, where ghrelin is produced and subsequently 

released into saliva [7].  

Grӧschl et al. [7] first demonstrated the existence of ghrelin in human salivary glands and 

found a positive correlation between fasted salivary ghrelin and serum ghrelin levels in 

healthy adults (r² = 0.56, p < 0.001). This finding is in agreement with Benedix et al. [8], 

while Aydin et al. [9] observed an inverse correlation between fasted salivary ghrelin and 

plasma ghrelin concentrations in healthy adults (r = −0.289, p = 0.125). Furthermore, Grӧschl 

et al. [7] observed significantly lower fasted ghrelin concentrations in saliva compared to 

blood, though others have reported higher fasted levels of ghrelin in saliva than in plasma [9] 

and serum [8].  

In response to nutrient intake, Dynesen et al. [10] found that salivary ghrelin levels did 

not change in response to a high carbohydrate breakfast over a 5-hour period, whereas plasma 

ghrelin levels were significantly suppressed during the subsequent 2.5 hours. However, Aydin 

et al. [11] observed an increase in salivary ghrelin levels prior to a mixed meal and a 

reduction 15 minutes after first consuming food, while others have observed significantly 

suppressed salivary ghrelin levels up to two hours after consuming a sugar load [12] and a 

mixed meal [8]. Interestingly, none of the aforementioned studies have examined the 

association between salivary ghrelin and energy intake (EI) and hunger, which would seem 

pertinent given the role of ghrelin in appetite control.  

Salivary hormone measurement has attracted growing interest as an alternative to 

antecubital-venous blood sampling, since it is non-invasive and would be preferable when 

studying certain populations, such as children, adolescents and the elderly, as venous access 

can be challenging. Yet, the relationship between ghrelin concentrations in blood and ghrelin 

concentrations in saliva remains unclear and research investigating the postprandial response 

of salivary ghrelin has focused predominantly on carbohydrate rich meals [10,12]. 
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Understanding how different dietary interventions affect salivary ghrelin responses and how 

these relate to EI and appetite perceptions is important if saliva sampling is to be considered 

as an alternative to blood sampling for the measurement of ghrelin, in the context of appetite 

control. 

The primary purpose of this study was to extend the current literature by comparing 

salivary and plasma ghrelin responses to dairy breakfast drinks’ varying in protein content 

and quantity, and to determine the relationship between salivary ghrelin and EI and appetite.  

 

2. Methods 

2.1 Participants 

Participants were randomly selected from the large cohort of participants that had 

been recruited for the Full4Health study, based at the Rowett Institute, University of 

Aberdeen, UK, the main findings of which have been published [13]. As part of the 

Full4Health study, blood samples were taken for the measurement of several biomarkers, 

however a sub-group of participants agreed to provide both blood and saliva samples for the 

purposes of this study. The Full4Health exclusion criteria included: heavy smoking (more 

than 10/day); morbid obesity (BMI>40 kg.m
-2

); pregnancy; obesity of known endocrine 

origin; neurological disorder; medication known to influence appetite; self-report 

fever/systemic infection; participation in medical or surgical weight loss program within 1 

month of selection; history of cerebrovascular disease; current major depressive disorder; 

history of drug or alcohol misuse; history of significant cardiovascular disease; reporting 

more than 6 hours of vigorous physical activity per week. Ethical approval was granted by 

the National Health Service North of Scotland Research Ethics Service. All participants 

provided written informed consent before entering the study.  
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2.2 Experimental procedure 

Participants consumed four test drinks for breakfast on four separate occasions using a 

double-blind randomized controlled crossover design, with at least a 4 day period between 

trials. Prior to the main experimental trials, preliminary anthropometric measures were 

carried out under standardized conditions. Height was measured to the nearest 0.1 cm using a 

portable stadiometer (Model 213, SECA, Hamburg, Germany) and body mass, measured to 

the nearest 0.1 kg, and body composition were measured using a multi frequency segmental 

body composition analyzer (Model BC-418-MA, Tanita Corporation, Tokyo, Japan). On the 

morning of each trial, participants arrived following an overnight fast (10 h) and having 

refrained from alcohol consumption and strenuous exercise for 12 h. Test drinks were 

consumed immediately following baseline measures (0 min), then at 120 min post-baseline, 

ad libitum EI was measured by means of a 30 min buffet-style test meal, after which 

participants were free to leave. Subjective appetite sensations were assessed using visual 

analog scales (VAS) at 0, 30, 60, 90 and 120 min. Whole saliva and blood samples were 

taken prior to test drink consumption (0 min) and postprandially at 30, 60 and 120 min to 

determine ghrelin concentrations. See Figure 1 for an overview of the experimental design 

and test day protocol. 
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Figure 1.  Experimental design (A) and test day protocol (B).      

   ad libitum buffet meal, anthropometric measurements, appetite VAS 

questionnaire,  blood sampling, randomized test drink intake (NPMT, NPWL, HPMT or 

HPWL),  saliva sampling. HPMT: high-protein maintenance, HPWL: high-protein weight loss, 

NPMT: normal-protein maintenance, NPWL: normal-protein weight loss, VAS: visual analog scales  

 

2.3 Test drinks 

A detailed description of the test drinks is provided elsewhere [13]. In brief, the test 

drinks provided for the study were designed by Nutricia (Danone, Utrecht, Netherlands) to 

taste, look and smell identical. One test drink was created with a normal-protein (NP) 

composition (15% energy from protein) and the other was created with a high-protein (HP) 

composition (30% energy from protein). The test drink quantity either corresponded to 100% 

of the participant’s estimated basal metabolic rate (BMR, kcal/day; weight loss requirements, 

WL) or 140% of the participant’s estimated BMR (weight maintenance requirements, MT). 

Basal metabolic rate was estimated according to equations derived by Schofield [29]. When 

calculating participant energy requirements for the MT drinks, BMR was multiplied by a 
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correction factor of 1.4, whereas when calculating energy requirements for the WL drinks, 

BMR was multiplied by a correction factor of 1. In addition, for the purposes of this study, 

breakfast was defined as the first meal of the day consisting of 25% of the participant’s daily 

energy requirements, which is similar to previous studies [14,15]. Therefore, when 

calculating participant energy requirements for both MT and WL drinks, daily BMR was 

multiplied by 0.25. Each participant consumed the four different types of test drink: normal-

protein weight loss (NPWL), normal-protein weight maintenance (NPMT), high-protein 

weight loss (HPWL) and high-protein weight maintenance (HPMT) in a randomized order 

and the composition of the test drinks was double-blinded. Nutricia labeled the drinks and 

generated the random allocation sequence. The drinks were weighed to the nearest gram and 

placed into neutral sealed cups with a straw. Participants were required to consume at least 

80% of each drink and failure to do so would result in their withdrawal from the study. The 

composition of the drinks was unblinded to the researchers after the final participant 

completed the study. 

2.4 Ad libitum EI 

The ad libitum buffet-style test meal consisted of a counter-balanced selection of 25 

sweet and savory, high- and low-calorie food and drink items, all of which were provided in 

excess. Buffet items were offered either in transparent plastic containers or in their original 

packaging. The buffet was provided 120 min after test drink consumption, participants were 

given access to the buffet for 30 min and instructed to consume as much or as little of each 

buffet item as they wanted until they were satisfied. All foods and drinks were presented 

identically on each occasion and covertly weighed before and after the buffet. Ad libitum 

energy and macronutrient intakes were calculated using nutritional values provided by the 

manufacturer, or by using an electronic version of McCance and Widdowson’s The 

Composition of Foods (ref); NETWISP™ software (version 3.0 for Windows, Tinuviel 

Software, Anglesey, UK). 

 

2.5 Subjective appetite assessment 

Appetite perceptions (hunger, fullness and prospective food consumption (PFC)) were 

measured using previously validated 100mm VAS [16]. Participants indicated their 

subjective feelings of appetite by marking a vertical line on the VAS. A composite appetite 

score was calculated at each time of measurement using the following formula below. Higher 

composite appetite scores relate to elevated feelings of appetite.  
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[Hunger + (100 − fullness) + prospective consumption]/3  

 

2.6 Saliva and blood samples 

Saliva samples were collected into Salivette
 
tubes (Sarstedt, Leicester, UK). Blood 

samples were taken through an intravenous cannula (BD Venflon, Oxford, UK), which was 

inserted into an antecubital vein. Blood was drawn into pre-chilled 4.9 mL EDTA 

monovettes. Immediately following each blood and saliva collection, 160 µL and 80 µL, 

respectively, of a solution containing equal volumes of 4-(2-Aminoethyl) 

benzenesulfonylfluoride hydrochloride (AEBSF; Roche Diagnostics, West Sussex, UK), 

dipeptidyl peptidase IV inhibitor (Millipore, Watford, UK) and protease inhibitor cocktail 

(Sigma-Aldrich, Dorset, UK) was added to the samples. Samples were then spun at 1000 g 

for 15 min in a centrifuge at 4°C. Aliquots were stored at -80°C for later analysis of total 

ghrelin concentrations. 

 

2.7 Total ghrelin analysis 

Singular salivary and plasma samples were analysed for total ghrelin concentrations at 

the laboratory of JJ Holst using a commercially available immunological assay (Ghrelin Total 

RIA Kit, catalogue no. GHRT-89HK; Linco Research, St Charles, MO) used previously by 

Dynesen et al. [10]. The lowest level of ghrelin detectable using this assay was 93 pg.mL
-1

. 

The limit of linearity for this assay was 6000 pg.mL
-1

. All samples were read using a gamma 

counter. Typical inter-assay coefficient of variation for this method ranges from 14.7% to 

17.8%, and intra-assay CVs from 3.3% to 10%. Between- and within-participant CVs for 

total salivary ghrelin were 52% and 36% respectively, and between- and within-participant 

CVs for total plasma ghrelin were 39% and 19% respectively.   
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2.8 Statistical analysis 

Correlation coefficients were calculated to investigate the association between 

salivary and plasma ghrelin values between-volunteers. These were obtained from means 

calculated for each volunteer. Linear regression was also performed on all ghrelin data, with a 

term included for volunteer to investigate whether within volunteers there was any 

association between salivary and plasma ghrelin. This is equivalent to repeated measures 

correlation. Box plots were created to examine between- and within-volunteer variation in 

salivary and plasma ghrelin values. Bland and Altman [17] analysis was used to express 

agreement between fasted salivary and plasma ghrelin concentrations, where 95% limits of 

agreement (LoA) were calculated as mean difference (bias) ± (1.96 x standard deviation of 

mean bias). Mean Absolute Percentage Error (MAPE) of the fasted samples provided a 

general measurement error and was calculated as ((saliva - plasma)/plasma x 100). 

Differences between the test drinks were examined by using an analysis of variance 

(ANOVA) with a random effect for volunteer and fixed effects for test drink and its 

interaction with volunteer gender, age and BMI groups. The association between ghrelin 

concentrations averaged across 0, 30, 60 and 120 min and ad libitum EI and the association 

between ghrelin concentrations and subjective appetite ratings measured at 0, 30, 60 and 120 

min, were assessed by linear regression models with ghrelin as the dependent variable. When 

assessing associations between ghrelin and ad libitum EI, ghrelin concentrations were 

average across the four time points, and when assessing associations between ghrelin and 

appetite perceptions, models with additional terms for volunteer and (for appetite) time 

period within-day were also examined. Including time period allows us to determine whether 

any association can be explained by two variables both changing over time. For regression 

with EI, mean ghrelin values per visit were used. Area under the curve (AUC) and net area 

under the curve (netAUC) were calculated to quantify the ghrelin response to the drinks. 

NetAUC was defined as the area under, rather than above, the baseline value, as ghrelin was 

expected to decrease in response to the drinks. Statistical analysis was conducted using R 

(version 3.6, The R Foundation for Statistical Computing, Vienna). Significant differences 

were accepted at p < 0.05.  

 

 

 

 

                  



12 
 

3. Results 

3.1 Participants 

 Twenty-five Full4Health study participants (18 women, 7 men; mean ± SD: age: 48.0 

± 22.1 years; height: 1.77 ± 0.03 m; body mass: 77.1 ± 12.7 kg; BMI: 24.7 ± 4.1 kg·m
2
; body 

fat: 28.3 ± 8.5 %) completed this study. 

 

3.2 Relationship between fasted salivary and plasma ghrelin 

There was no correlation between the sample means for fasted salivary and plasma 

ghrelin (r = -0.099, p = 0.637; Figure 2).  

 

 

Figure 2. Correlation between mean fasted plasma and salivary ghrelin concentrations of each 

participant (n = 25). 

 

Furthermore, using linear regression to examine the relationship within-volunteers 

between fasted salivary and plasma ghrelin values, there was no significant association 

observed (r = -0.041, p = 0.725). In addition, box-plots demonstrate greater within-volunteer 

variability for mean fasted salivary ghrelin values (Figure 3A) compared to mean fasted 

plasma ghrelin values (Figure 3B). 
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Figure 3. The mean fasted salivary ghrelin (A) and plasma ghrelin (B) concentrations for each 

participant (n = 25) displayed as box plots.  

 

 Bland-Altman plot for fasted salivary and plasma ghrelin concentrations is shown in 

Figure 4. Mean bias was -448 pg/ml (95% confidence intervals (CI) = -623 – -273 pg/ml) and 

upper and lower LOA were 427 pg/ml and -1324 pg/ml, respectively. The MAPE between 

fasted salivary and plasma ghrelin was -33.1 ± 36.5 %.   
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Figure 4. Bland-Altman plot for unaveraged fasted plasma and salivary ghrelin data. Solid line 

represents the mean bias and dashed lines are the upper and lower limits of agreement. n = 25. 

 

Associations between fasted ghrelin and BMI, adjusted for age and gender, were also 

examined. There was no significant association between salivary ghrelin and BMI (r = -0.22, 

p = 0.322), while there was a significant inverse relationship observed between plasma 

ghrelin and BMI (r = -0.60, p = 0.002). 

 

3.3 Postprandial changes in salivary and plasma ghrelin concentrations  

There were no significant drink x time interactions for either salivary ghrelin (Figure 

5A) or plasma ghrelin (Figure 5B). Variation in salivary ghrelin within volunteers was not 

associated with variation in plasma ghrelin (r = -0.004, p = 0.943). 
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Figure 5. Mean (±SEM) are presented for salivary ghrelin (A) and plasma ghrelin (B) after 

consumption of a high-protein maintenance (HPMT) drink (), a high-protein weight loss (HPWL) 

drink (), a normal-protein maintenance (NPMT) drink () and a normal-protein weight loss 

(NPWL) drink (). n = 25. 

 

Differences in plasma ghrelin AUC and netAUC for salivary (Table 1) and plasma 

(Table 2) ghrelin in response to the different test drinks were identified by ANOVA. There 

were significant differences between the salivary ghrelin AUCs after the consumption of the 

four different test drinks (p = 0.047), but no significant differences between the salivary 

ghrelin netAUCs (p = 0.928). There were no significant differences between the plasma 

ghrelin AUC values for each condition (p = 0.169) and no significant differences  between the 

plasma ghrelin netAUC values (p = 0.646).  

 

Table 1. Salivary ghrelin AUC and netAUC. 

 Test drinks   

 HPMT NPMT HPWL NPWL SED p-value 

AUC (pg/mL·min
-1

) 71774
a
 72965

a
 81084

b
 71734

a
 3789 0.047 

netAUC (pg/mL·min
-1

) -2 -474 3312 -56 8331 0.928 
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Mean AUC (area under the curve) and netAUC (net area under the cuve) data are presented for each 

test drink (HPMT, NPMT, HPWL, NPWL). Levels of significance were determined using ANOVA 

followed by post-hoc tests using the Least Significant Difference. HPMT, high-protein maintenance; 

HPWL, high-protein weight loss; NPMT, normal-protein maintenance; NPWL, normal-protein weight 

loss. 

 

Table 2. Plasma ghrelin AUC and netAUC. 

Test drinks 

 HPMT NPMT HPWL NPWL SED p-value 

AUC (pg/mL·min
-1

) 101,378 105,511 106,135 106,875 2,473 0.169 

netAUC (pg/mL·min
-1

) 24,176 25,149 21,017 26,008 4,564 0.646 

Mean AUC (area under the curve) and netAUC (net area under the cuve) data are presented for each 

test drink (HPMT, NPMT, HPWL, NPWL). Levels of significance were determined using ANOVA 

followed by post-hoc tests using the Least Significant Difference. 
a, b 

Mean values within a row with 

unlike superscript letters are significantly different (p < 0.05; post hoc t-tests). HPMT, high-protein 

maintenance; HPWL, high-protein weight loss; NPMT, normal-protein maintenance; NPWL, normal-

protein weight loss. 

 

Bland-Altman plot for postprandial salivary and plasma ghrelin concentrations is 

shown in Figure 6. Mean bias was -210 pg/ml (95% CI = -380 – -40 pg/ml) and upper and 

lower LOA were 641 pg/ml and -1061 pg/ml, respectively. The MAPE between postprandial 

salivary and plasma ghrelin was -13.2 ± 103.9 %.    
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Figure 6. Bland-Altman plot for unaveraged postprandial plasma and salivary ghrelin data. Solid line 

represents the mean bias and dashed lines are the upper and lower limits of agreement. n = 25. 

 

3.4 Salivary and plasma ghrelin relation to EI and appetite 

There was no significant association within volunteers between ad libitum EI and 

concentrations of ghrelin in saliva (r = 0.003, p = 0.979) and plasma (r = -0.080, p = 0.492). 

There was no significant association within volunteers between salivary ghrelin and 

composite appetite score (r = 0.023, p = 0.654). Plasma ghrelin was significantly correlated 

within volunteers with composite appetite score (r = 0.225, p < 0.001), although when the 

effect of time was accounted for, the correlation was no longer significant (r = 0.047, p = 

0.368). Ad libitum EI and appetite scores in response to the four test drinks are presented in 

Supplementary Figures 1 and 2, respectively. 
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4. Discussion 

Saliva sampling has previously been suggested as a non-invasive alternative to blood 

sampling for quantification of ghrelin. In the present study, we could find no relationship 

between fasted salivary and plasma total ghrelin concentrations and we observed greater 

variability in fasted salivary ghrelin compared to plasma ghrelin in non-obese, healthy adults. 

Postprandial changes in salivary ghrelin in response to test drinks varying in protein content 

and quantity were unrelated to changes in plasma ghrelin. Furthermore, neither salivary nor 

plasma ghrelin were related to ad libitum EI and salivary ghrelin was not associated with 

subjective appetite sensations, though plasma ghrelin was. 

Previous studies have identified the presence of ghrelin in human saliva [7,9]. It has 

also been reported that fasted salivary and blood-borne ghrelin concentrations correlate in 

healthy adults, though the correlations observed are weak [7–9]. In this study, we did not find 

a relationship between fasted salivary and plasma ghrelin in healthy adults. Our finding 

agrees with Dynesen et al. [10], who also observed no relationship between fasted salivary 

and plasma ghrelin levels in healthy females and patients with bulimia nervosa (r = 0.18, p = 

0.337). The authors stated that this should be expected, due to the autonomous production of 

ghrelin by the salivary glands, making a direct relationship between blood-borne ghrelin and 

ghrelin secreted by the salivary glands unlikely. 

The fasted salivary ghrelin values of the volunteers in the present study were typically 

lower than the plasma ghrelin values. We report a mean bias of -448 pg/ml between fasted 

salivary and plasma ghrelin and a MAPE of -33.1 %, which is greater than the mean absolute 

difference (%) between basal salivary and serum ghrelin (-18.03 %) reported by Groschl et al 

[12]. Previous research has found fasted salivary ghrelin levels to be higher [8,9,18] than 

blood-borne ghrelin levels, owing to a potentially higher diffusion rate of ghrelin into saliva 

compared to plasma [9]. The salivary ghrelin values we observed are lower than those 

reported by Dynesen et al. [10], yet higher than those observed in two similar studies [9,11]. 

Furthermore, our observation that fasted ghrelin variability was greater in saliva compared to 

blood agrees with studies conducted with healthy adults [11] and children and adolescents 

[18]. Therefore, based on the findings presented here, and of those previously reported, 

salivary ghrelin values appear to vary greatly on an individual basis and between studies.  
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It has been established that plasma ghrelin concentrations decline as BMI increases 

[19], though previous research has found that salivary ghrelin is weakly associated with BMI 

[9,11,12]. The results from the present study support these findings, demonstrating that fasted 

plasma ghrelin levels declined as BMI increased, whereas there was no correlation between 

salivary ghrelin and BMI. However, due to the homogeneity of the participants’ BMI in our 

cohort and in similar studies [9,11,12], current findings regarding the association between 

salivary ghrelin and BMI should be interpreted with caution. Further studies with larger 

heterogeneous samples are required. 

Ghrelin is a potent stimulator of food intake and circulating ghrelin levels typically 

decrease after food or drink intake. Gröschl et al. [12] observed a significant suppression in 

both serum and salivary ghrelin 2 h after glucose consumption compared to pre-meal levels in 

adults and children. Benedix et al. [8] also reported a suppression in salivary ghrelin 1 and 2 

h after consuming a mixed meal in morbidly obese individuals, though serum ghrelin was 

unresponsive. Aydin et al. [11] described the circadian rhythm of salivary ghrelin in 22 

healthy adults, reporting an elevation in ghrelin pre-meal and a suppression to trough levels 

within 15 min post-meal. However, Aydin et al. [11] did not compare the circadian variation 

in salivary ghrelin with blood-born ghrelin and no statistical test was conducted to evaluate 

the significance of the lower average ghrelin levels observed 15 minutes after food 

consumption compared to baseline. Under the conditions of our study, changes in salivary 

ghrelin in response to the different test drinks were not associated with changes in plasma 

ghrelin. Following each test drink, salivary ghrelin levels remained largely unchanged, while 

plasma ghrelin levels were suppressed below baseline levels for 2 h. Our observations are in 

agreement with Dynesen et al. [10], who also found no relationship between postprandial 

salivary and plasma ghrelin responses to a carbohydrate rich meal. However, Dynesen et al. 

[10] reported that salivary and blood ghrelin values that were within a similar range, which 

conflicts with our findings. We found a mean bias of -210 pg/ml between postprandial 

salivary and plasma ghrelin and a MAPE of -13.2 %, which differs substantially from the 

findings of Groschl et al [12], who reported a mean absolute difference (%) of -68.97 % 

between salivary and serum ghrelin in response to a sugar load. 

Inconsistent findings within the literature could be due to biological and technical 

challenges associated with the saliva collection techniques employed, and/or the ghrelin 

detecting assay selected. Saliva collection using absorbent pads, which are inserted into the 

mouth and then centrifuged to remove saliva, have been shown to generate reproducible 

results when measuring peptide levels [20]. Several studies, including the present study, have 
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adopted this technique when measuring salivary ghrelin [7,9,11]. However, some studies 

have opted for different techniques, such as the saliva draining method [10,18]. The addition 

of preservatives, such as AEBSF or EDTA, should be used to minimize hormone degradation 

in saliva [20], yet not all studies report the use of preservatives. Standardizing the saliva 

collection techniques used in future research is important to enable reliable comparisons 

between studies. Furthermore, at present there is no specific assay available for the detection 

of salivary ghrelin, therefore previous studies have used commercially available human-

ghrelin-RIA-sensitive kits that would normally be used to measure total ghrelin 

concentrations in plasma/serum [7–11].  

To our knowledge, this study is the first to examine salivary ghrelin’s association with 

both EI and appetite perceptions. Schaal et al. [21] examined the relationship between EI and 

salivary ghrelin in elite level, female synchronised swimmers undertaking 4 weeks of training 

and reported that change in EI from baseline to week 2 of training was correlated with 

salivary ghrelin levels (r = 0.72, p = 0.03). However, this observation should be interpreted 

cautiously, as the study sample size was small (n = 8), EI was self-reported and plasma 

ghrelin was not measured in conjunction with salivary ghrelin. Dynesen et al. [10] previously 

measured hunger VAS ratings when comparing postprandial salivary and plasma ghrelin 

responses and reported no relationship between plasma ghrelin and hunger, though the 

relationship between salivary ghrelin and hunger was not assessed and EI was not measured. 

We did not observe a relationship between salivary ghrelin and EI or appetite score, and 

although an association between plasma ghrelin and appetite was shown, a causal connection 

between plasma ghrelin and appetite was not established. There are discrepancies in the 

literature regarding blood-borne ghrelin’s relationship with EI and subjective appetite scores, 

therefore a significant association between salivary ghrelin and these measures may not be 

assumed. Further research is required to investigate the effects of salivary ghrelin on food 

intake and hunger. 

The present study reports novel findings, though there are limitations related to the 

study design. The sample size of the study was small, with an uneven number of men and 

women recruited, which precluded us from examining gender differences. The large 

unexplained within-subject variation in ghrelin is a limitation that makes finding associations 

more challenging. Furthermore, saliva sampling has been suggested as a non-invasive 

alternative to blood sampling in children and adolescents, however the volunteers recruited 

for this study were adults. Thus far, only one published study has examined the relationship 

between salivary and plasma ghrelin in children and adolescents [18]. The authors observed a 
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weak correlation between salivary and plasma ghrelin in girls and boys and greater variability 

in salivary ghrelin compared to plasma ghrelin. Though still invasive, capillary sampling 

offers a less invasive alternative to venous sampling for children and adolescents and has 

shown good agreement with antecubital-venous sampling for the measurement of appetite 

hormones in adults [22]. Finally, as with similar investigations [8–11], the present study 

measured total ghrelin levels (sum of acyl and unacylated ghrelin levels), which would seem 

to be the appropriate measure of ghrelin secretion, whereas acyl (‘active’) ghrelin would be 

more relevant for predictions on ghrelin action. To our knowledge, the stability of acylation 

in saliva is undetermined, hence it seemed prudent to measure the more stable moiety, given 

the uncertainty. We suggest that future studies further investigate the acylation of ghrelin in 

saliva and the associations between both total and acyl forms of salivary ghrelin and appetite 

control.  

In conclusion, our findings support those that have previously failed to detect a 

relationship between fasted salivary and plasma total ghrelin and have observed large 

variability in fasted salivary ghrelin concentrations. Moreover, we demonstrate for the first 

time that salivary and plasma ghrelin responses to drinks varying in protein content and 

quantity are unrelated and that salivary ghrelin is not associated with EI or appetite 

perceptions. Therefore, though non-invasive saliva sampling may be a favourable alternative 

to antecubital-venous blood sampling, our findings do not support the replacement of blood 

with saliva for the measurement of ghrelin in healthy, non-obese adults examined under 

laboratory conditions. The development of standardized methods applied to large, diverse 

cohorts studied within laboratory and non-laboratory environments is required to further 

elucidate the relationship between salivary and blood-borne ghrelin and salivary ghrelin and 

appetite control.  
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