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Introduction
Ghrelin is an orexigenic peptide hormone composed by 28 
amino acids initially discovered as an endogenous ligand for 
growth hormone secretagogue receptor 1a (GHSR-1a).1 
Although predominantly expressed at the stomach, it also can 
be expressed in low levels at the liver, pancreas, kidney, lung, 
gut, heart, and central nervous system.1-5 This hormone circu-
lates in the bloodstream mainly as unacylated ghrelin (UAG) 
with the acylated form of ghrelin (AG) corresponding to no 
more than 10% to 20% of the hormone.4 Acylation process is 
catalyzed by the enzyme ghrelin O-acyltransferase (GOAT) as 
esterification of the serine-3 residue of the peptide molecule 
with n-octanoic acid.1,6,7 However, it still remains unclear 
whether UAG represents a precursor or a degradation product 
of the acylated hormone.4,8

Originally considered as a nonfunctional peptide, UAG has 
been suggested to have a physiological activity similar to, but 
distinct from AG.9-11

In addition to its ability to stimulate growth hormone 
secretion, AG can also stimulate food intake, adipogenesis, 
and interfere in glucose homeostasis.11-13 In what concerns 
UAG, it seems to induce a negative energy balance,14 and to 
have an insulin sensitizing action, suppressing hepatic glucose 
production15 and decreasing circulating levels of insulin.10 The 
mechanisms underlying those actions are still unclear.

Several authors suggested that UAG could be metaboli-
cally active by counteracting the effects of AG on insulin 
secretion and glucose metabolism in healthy humans.10,11,16 
Those authors studied the interaction of the combined 
administration of AG and UAG in normal young volunteers 
and have found that AG administration induced an increase 
in glucose plasma levels, while UAG administration alone had 
no effects on glucose and insulin levels. However, they 
observed that the combination of the two ghrelin peptide 
forms diminished the observed effect of AG on glucose val-
ues. Despite such findings, others observed that UAG 
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(administered alone or in combination with AG to healthy 
humans) did not alter insulin secretion, insulin sensitivity, or 
glucose metabolism.11

Recent data suggest that UAG has inherent activities in 
physiological and pathophysiological situations that are inde-
pendent of AG action.17,18 Some authors suggest that UAG 
should be considered as a separate hormone, that in certain 
situations act on its own receptor, while in others share with 
AG a receptor different from the GSHR-1a. These actions 
could support or antagonize AG functions.18

Therefore, data are contradictory in human studies, where 
some of them report a positive relationship between UAG and 
insulin sensitivity2,19,20 and others do not.21 Considering this 
uncertainty, more studies should be conducted to increase the 
knowledge about AG and UAG effect on carbohydrate 
metabolism.

The aim of this study was to assess a possible association 
between UAG levels and parameters of carbohydrate metabo-
lism in obese women, independently from an eventual interfer-
ence of anthropometrics.

Methodology
Subjects

The study included 254 obese (body mass index [BMI] ⩾ 30 
kg/m2) Caucasian women, who attended the obesity outpatient 
clinic at Curry Cabral Hospital—C.H.U.L.C. (Lisbon, 
Portugal). Their age ranged from 18 to 50 years. The control 
group consisted on 100 lean (BMI ranging from 18.5 to 
24.9 kg/m2) Caucasian women matched for age. All women, 
obese and lean groups, referred a less than 10% variation of 
their body weight in the previous year, had a premenopausal 
status, and were not pregnant or had been pregnant in the prec-
edent 12 months. We considered only women who reported no 
previous diagnosis of any acute/chronic health condition 
(including previous diabetes/prediabetes), with the exception 
of obesity for the obese group. No woman was on any pharma-
cological regimen (except for oral contraceptives) or took any 
sporadic drug in the previous 7 days before the blood sample 
collection.

Obese women were stratified in obesity classes according to 
BMI (assessed as the ratio between body weight [in kilograms] 
and the square of height [in meters]): class I obesity 
(30.0 < BMI < 34.9 kg/m2), class II obesity (35 < BMI < 39.9 
kg/m2), and class III obesity (>40 hg/m2).22

In what concerns glycemic status, women were classified in 
normoglycemia, prediabetes, and diabetes according to the 
American Diabetes Association criteria, based on HbA1c and 
on fasting and 2-hour oGTT glucose levels. Normoglycemia 
was considered if fasting glucose < 100 mg/dL, 2-hour oGTT 
glucose < 140 mg/dL, and HbA1c < 5.7%. Prediabetes was con-
sidered if fasting glucose ranged from 100 to 125 mg/dL, 2-hour 
oGTT glucose ranged from 140 to 199 mg/dL, or HbA1c 
ranged from 5.7% to 6.4%. If fasting glucose ⩾ 126 mg/dL, 

2-hour oGTT glucose ⩾ 200 mg/dL, or HbA1c ⩾ 6.5% diabetes 
was considered.23

The study was conducted after the approval of the institu-
tional scientific and ethical boards according to the standards 
of the Declaration of Helsinki. In addition, an informed con-
sent was signed by each participant.

Clinical evaluation

Each woman was characterized for total body weight, height, 
BMI, waist and hip circumferences, and waist-to-hip ratio. The 
body fat mass (absolute value and fat mass percentage of total 
body weight) was assessed by bioelectrical impedance (Tanita 
TBF-300A, Tanita Europe B.V., Hoofddorp, The Netherlands).

Blood sample collection and measurements

A venous blood sample was collected from patients and con-
trols early in the morning, after an overnight fasting (of at least 
10 hours), to avoid potential confounding with hormonal 
rhythmicity. A classic 75 g oral glucose tolerance test (oGTT) 
was done to every obese woman in order to assess plasma glu-
cose at the second hour. Serum samples were obtained to assess 
glucose, glycated hemoglobin (HbA1c), insulin and UAG, 
using low speed centrifugation, stored at a −80°C ultra-freezer, 
and thawed just before each assay. Glucose was determined by 
automated chemistry analyzer (Vitros 5.1 FS Chemistry 
System, Ortho-Clinical Diagnosis Inc, Rochester, NY, USA). 
Insulin concentration was assessed by a chemiluminescent 
immunometric technique (IMMULITE 2000 Immunoassay 
System, Siemens Healthcare Diagnostics, Camberley, UK). 
HbA1c was assessed by high performance liquid chromatogra-
phy (Bio-Rad Laboratories GmbH, Munich, Germany). 
Serum UAG concentrations were measured by enzyme-linked 
immunosorbent assay following the manufacturer’s instruc-
tions (R&D Systems Inc, Minneapolis, MN, USA). Insulin 
resistance was assessed by the homeostasis model assessment 
(HOMA-IR) using the following formula: insulin (μU/mL) × 
glucose (mg/dL) / 405.24

Statistical analysis

Data were analyzed considering lean (n = 100) and obese 
(n = 254) women subgroups. Obese women were stratified in 
class I obesity (n = 39), class II obesity (n = 65) and class III 
obesity (n = 150). Obese women were also stratified into 3 gly-
cemic status subgroups: normoglycemia (n = 165), prediabetes 
(n = 63), or diabetes (n = 19) in order to search for differences in 
UAG levels.

Lean, obese, and total groups were characterized as mean 
(standard deviation) when normal distribution is verified or 
median (IQR) otherwise. Pearson’s correlation coefficients (r) 
were computed to analyze the relation between 2 variables and 
Spearman’s correlation was used whenever normal distribution 
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was not verified. To control the effects of BMI and waist cir-
cumference on the metabolic parameters (fasting insulin, fast-
ing glucose, HOMA-R and HbA1c), partial correlations were 
computed to evaluate relations between UAG and metabolic 
parameters. To evaluate the difference between mean values in 
2 independent samples, a Student t test was used (or the non-
parametric alternative Mann-Whitney test whenever the 
applicable conditions were not verified). Kruskal-Wallis test 
was used to compare differences among subgroups. To compare 
distributions of the UAG between obese subgroups or between 
glycemic subgroups, we have constructed boxplots. A signifi-
cance level (P) of .05 was assumed. All analyses were conducted 
using IBM SPSS Statistics for Windows, Version 22.0 (IBM 
Corp, Armonk, NY, USA) and the open source R version 3.0.2 
software.

Results
Baseline characterization and comparison analysis 
of lean and obese women groups

Significant differences between lean and obese women groups 
were verified for all anthropometric, hormonal, and metabolic 
parameters, namely UAG mean values. UAG was significantly 
lower in the obese group (P < .001) (Table 1).

Despite a decrease in median (IQR) UAG levels in class III 
obesity compared with class I and II (217 [212.77] pg/mL in 

class I obesity; 240.47 [156.78] pg/mL in class II obesity; 
148.55 [164.82] pg/mL in class III obesity), no significant dif-
ferences were found among subgroups (Kruskal-Wallis statis-
tics = 11.875, P = .003; Figure 1).

To identify possible direct associations between UAG and 
anthropometric/biochemical parameters, a correlation analysis 
was performed for the whole population, lean and obese groups 
(Table 2). No correlation was found between UAG and age 
either when we considered classes of obesity or glycemic status 
neither for lean women or when we considered all together. We 
found a significant inverse correlation between UAG levels and 
BMI in obese women (r = −0.187; P = .013). Spearman correla-
tion between UAG and glucose, insulin, HbA1c, and 
HOMA-IR remained not significant even when we have 

Table 1. Characterization of lean and obese women groups (descriptive statistics are displayed as mean [SD] whenever normal distribution is 
verified [bold values] and by median [IQR] otherwise).

TOTAL LEAN wOMEN OBESE wOMEN P VALuEa

N 354 100 254  

Age (years) 34.4 (8.4) 34.2 (8.4) 34.6 (8.3) .702

BMI (kg/m2) 41 (9) 21.4 (1.7) 41 (8.7) <.001

Total body weight (kg) 105.1 (22.9) 56.0 (5.3) 105 (22.6) <.001

Total body fat (kg) 49.1 (17.8) 14.3 (3.6) 49 (17.7) <.001

Percentage of body fat (%) 46.8 (7.5) 25.3 (4.7) 46.5 (5.2) <.001

waist circumference (cm) 115 (18) 71 (7) 115 (18) <.001

Hip circumference (cm) 131.5 (17) 97 (5) 131.3 (12.8) <.001

waist-to-hip ratio 0.87 (0.05) 0.74 (0.05) 0.87 (0.08) <.001

unacylated ghrelin (pg/mL) 178.2 (161.6) 350.2 (251.9) 180 (163.4) <.001

Fasting Insulin (μuI/mL) 13 (11) 5.4 (4.3) 13 (11) <.001

Fasting glucose (mg/dL) 83 (0.2) 81 (7.1) 83 (16) <.001

2nd-hour oGTT glucose (mg/dL) - - 100 (34) -

HOMA-IR 2.55 (2.4) 1.1 (0.9) 2.5 (2.4) <.001

HbA1c (%) 5.3 (0.6) 5.28 (0.28) 5.3 (0.6) <.001

Abbreviations: BMI, body mass index; HOMA-IR, homeostasis model assessment; IQR, interquartile range; oGTT, oral glucose tolerance test.
aParametric t test for 2 independent samples.

Figure 1. unacylated ghrelin boxplots in obesity classes: class I (n = 39), 

class II obesity (n = 65), and class III obesity (n = 150).
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adjusted to BMI or waist circumference when partial correla-
tions were computed, in each group of women.

It was also computed correlation coefficients between UAG 
and anthropometric, hormonal, and metabolic parameters in 
each of the 3 obese stratified subgroups (Table 3) and all values 
revealed weak correlations, meaning that there is no association 
between UAG and all the analyzed parameters.

Unacylated ghrelin and glycemic status in obese 
women

Obese women were classified in 3 glycemic status subgroups 
(normoglycemia, prediabetes, and diabetes) according to the 
American Diabetes Association criteria, based on HbA1c and 
on fasting and 2-hour oGTT glucose levels. One hundred 
sixty-five obese women were classified as normoglycemic, 63 
as prediabetic, and 19 as diabetic. No significant difference 
was found in UAG levels among normoglycemic, 184.04 
(162.51) pg/mL, prediabetic, 154.66 (179.28) pg/mL, and 
diabetic, 206.79 (160.13) pg/mL, obese women (P = .398; 
Figure 2).

It was also computed correlation coefficients between UAG 
and anthropometric, hormonal, and metabolic parameters in the 
3 glycemic status subgroups (Table 4); there is no correlation 
between UAG and any specific metabolic/hormonal parameter 
in the diabetic or in the prediabetic subgroup of patients.

All lean women were classified as normoglycemic based on fast-
ing glucose and on HbA1c (they were not subjected to an oGTT).

Discussion
Originally considered as a nonfunctional peptide, UAG poten-
tial effect has been explored. Although available data are still 
contradictory, an increasing number of studies suggest that 
UAG can counteract the metabolic effect of AG.5,10 If such 
assumption would be true, UAG could be a good candidate for 
the future treatment of metabolic disorders such as obesity and 
diabetes.16,25 The main objective of the present study was to 
assess an eventual association of UAG plasma levels with glu-
cose homeostasis in obese women, independently from an 
eventual interference of adiposity.

Several studies have shown that obese individuals have 
lower UAG levels than lean subjects, suggesting that obesity 

Table 2. Spearman correlation coefficients between uAG and anthropometric and hormonal parameters in total, lean and obese women.

VARIABLE LEAN wOMEN
N = 100

OBESE wOMEN
N = 254

TOTAL
N = 354

BMI (kg/m2) −0.058 (P = .580) −0.187 (P = .013) −0.236 (P < .001)

Total body weight (kg) −0.124 (P = .23) −0.092 (P = .165) −0.231 (P < .001)

Total body fat (kg) −0.026 (P = .783) −0.113 (P = .089) −0.214 (P < .001)

Percentage of body fat (%) 0.029 (P = .800) −0. 121 (P = .069) −0.230 (P < .001)

waist circumference (cm) −0.093 (P = .372) −0.083 (P = .214) −0.218 (P < .001)

Hip circumference (cm) −0.078 (P = .453) −0.064 (P = .334) −0.212 (P < .001)

waist-to-hip ratio −0.079 (P = .447) −0.048 (P = .471) −0.181 (P = .001)

Fasting insulin (mg/dL) ‡ −0.022 (P = .835) −0.045 (P = .493) −0.001 (P = .979)

Fasting insulin (mg/dL) (not adjusted correlations) −0.049 (P = .637) −0.042 (P = .520) −0.137 (P = .012)

Fasting glucose (mg/dL)‡ 0.026 (P = .812) −0.023 (P = .725) 0.005 (P = .930)

Fasting glucose (mg/dL) (not adjusted correlations) 0.046 (P = .374) −0.053 (P = .411) −0.048 (P = .374)

2nd-hour oGTT glucose (mg/dL)‡ N.A. −0.020 (P = .762) N.A.

2nd-hour oGTT glucose (mg/dL)
(not adjusted correlations)

N.A. −0.022 (P = .734) N.A.

HOMA-IR‡ −0.038 (P = .726) −0.034 (P = .601) 0.004 (P = .937)

HOMA–IR
 (not adjusted correlations)

−0.036 (P = .372) −0.040 (P = .538) −0.136 (P = .013)

HbA1c (%)‡ 0.188 (P = .078) 0.021 (P = .743) 0.070 (P = .205)

HbA1c (%) (not adjusted correlations) 0.183 (P = .082) −0.051 (P = .426) 0.000 (P = .998)

Abbreviations: BMI, body mass index; HOMA-IR, homeostasis model assessment; oGTT, oral glucose tolerance test; uAG, unacylated ghrelin.
Spearman correlation coefficients between uAG and anthropometric and hormonal parameters and partial correlations (‡) between uAG and metabolic parameters in 
Obese, Lean and Total (Obese + Lean) women. Partial correlations. Significant P values are in bold. Data not available (N.A.).



Veiga et al 5

might reflect UAG decrease.20,26-29 Furthermore, some authors 
have suggested that UAG levels are influenced by the degree 
of adiposity.20,30 In the present study, we have confirmed that 
obese women show significantly lower levels of UAG and a 
negative association was found with BMI (but only among 
obese women). That is in accordance with the hypothesis that 
excessive fat mass can induce a decrease in UAG levels. 
However, no significant difference was shown among obesity 

class subgroups. That could be the result of a fat mass thresh-
old level that, when attained, do not results in further reduc-
tion of UAG levels. However, other mechanisms could 
contribute to these results.

Several studies suggest that diabetes and obesity are linked to 
a decrease in UAG.26-29 As obesity is commonly associated with 
prediabetes and diabetes, it was important to clarify whether the 
lowering of UAG levels was associated with dysglycemia from 
an adiposity-independent fashion. In our study, no correlation 
was found between UAG and glucose, insulin, insulin resistance, 
and metabolic control parameters showing that UAG plasma 
levels are not associated to glucose metabolism status. In spite of 
some studies suggesting of a metabolic benefit of UAG, results 
are still inconsistent and contradictory.16,19-21,31,32

In our study, no difference in UAG levels was found among 
glycemic status subgroups (normoglycemia, prediabetes, and 
diabetes), and no association was found with glucose, insulin, 
HOMA-IR, or HbA1c values. Facing these results, we may 
conclude that UAG does not associate with glucose homeosta-
sis in obese women.

More intervention studies will be necessary to better under-
stand the action (if any) of UAG in obesity and on its comor-
bidities, namely in what concerns glucose metabolism.

Table 3. Correlation coefficients between uAG and anthropometric, hormonal, and metabolic parameters in obesity classes.

VARIABLE CLASS I OBESITy n = 39 CLASS II OBESITy n = 65 CLASS III OBESITy n = 150

BMI (kg/m2) 0.140 (P = .402) −0.290 (P = .017) 0.010 (P = .905)

Total body weight (kg) 0.068 (P = .684) −0.100 (P = .420)* −0.013 (P = .881)

Total body fat (kg) 0.080 (P = .634) −0.168 (P = .174)* −0.053 (P = .531)

Percentage of body fat (%) 0.126 (P = .452) −0.234 (P = .057)* −0.024 (P = .773)

waist circumference (cm) 0.098 (P = .558) −0.241 (P = .050) −0.016 (P = .849)

Hip circumference (cm) 0.225 (P = .174) −0.046 (P = .709)* 0.047 (P = .575)

waist-to-hip ratio 0.151 (P = .367) −0.338 (P = .005) −0.043 (P = .606)

Fasting insulin (mg/dL)‡ 0.075 (P = .678) 0.177 (P = .169)* −0.104 (P = .222)

Fasting insulin (mg/dL)
(not adjusted correlations)

0.257 (P = .124) 0.099 (P = .436)* −0.061 (P = .473)

Fasting glucose (mg/dL)‡ −0.082 (P = .651) 0.025 (P = .849) −0.014 (P = .870)

Fasting glucose (mg/dL)
(not adjusted correlations)

0.056 (P = .740) −0.142 (P = .264) −0.014 (P = .871)

HOMA-IR ‡ 0.026 (P = .885) 0.141 (P = .275)* −0.075 (P = .379)

HOMA-IR
(not adjusted correlations)

0.256 (P = .127) 0.032 (P = .802)* −0.046 (P = .590)

HbA1c (%) ‡ −0.036 (P = .844) 0.066 (P = .610) 0.035 (P = .683)

HbA1c (%)
(not adjusted correlations)

0.055 (P = .755) −0.137 (P = .280) 0.018 (P = .831)

Abbreviations: BMI, body mass index; HOMA-IR, homeostasis model assessment; uAG, unacylated ghrelin.

Correlation coefficients between uAG and anthropometric and hormonal parameters and partial correlations (‡) between uAG and metabolic parameters in obesity 
stratified subgroups: Pearson correlation when both variables have normal distribution (*) and Spearman correlation otherwise. Significative P values are in bold.

Figure 2. unacylated ghrelin boxplots according to glycemic status in 

obese women: normoglycemic (n = 63), prediabetic (n = 63), diabetic 

(n = 19).
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−0.122 (P = .053) −0.107 (P = .408) 0.048 (P = .851)*

Fasting glucose (mg/dL)‡ −0.051 (P = .426) −0.030 (P = .814) −0.099 (P = .715)

Fasting glucose (mg/dL)
(not adjusted correlations)

−0.031 (P = .619) −0.016 (P = .902) 0.286 (P = .249)

HOMA-IR‡ −0.007 (P = .915) −0.007 (P = .915) 0.023 (P = .934)*

HOMA-IR
(not adjusted correlations)

−0.128 (P = .042) −0.138 (P = .285) 0.022 (P = .931)*

HbA1c (%)‡ 0.092 (P = .149) 0.107 (P = .407) 0.026 (P = .925)

HbA1c (%)
(not adjusted correlations)

0.049 (P = .445) −0.015 (P = .904) 0.180 (P = .474)

Abbreviations: BMI, body mass index; HOMA-IR, homeostasis model assessment; uAG, unacylated ghrelin.
Correlation coefficients between uAG and anthropometric and hormonal parameters and partial correlations (‡) between uAG and metabolic parameters in the 3 
glycemic status subgroups: Pearson correlation when both variables have normal distribution (*) and Spearman correlation otherwise. Significative P values are in bold.

https://orcid.org/0000-0003-1153-8343


Veiga et al 7

 12. Dezaki K, Hosoda H, Kakei M, et al. Endogenous ghrelin in pancreatic islets 
restricts insulin release by attenuating Ca2+ signaling in β-cells. Diabetes. 
2004;53:3143-3315.

 13. Wren AM, Small CJ, Ward HL, et al. The novel hypothalamic peptide ghrelin 
stimulates food intake and growth hormone secretion. Endocrinology. 2000;141: 
4325-4328.

 14. Asakawa A, Inui A, Fujimiya M, et al. Stomach regulates energy balance via 
acylated ghrelin and desacyl ghrelin. Gut. 2005;54:18-24.

 15. Gauna C, Delhanty PJD, Hofland LJ, Janssen JAMJL, Broglio F, Ross RJM, 
et al. Ghrelin stimulates, whereas des-octanoyl ghrelin inhibits, glucose output 
by primary hepatocytes. J Clin Endocrinol Metab. 2005;90:1055-1060.

 16. Delhanty PJD, van der Lely AJ. Ghrelin and glucose homeostasis. Peptides. 
2011;32:2309-2318.

 17. Delhanty PJD, Neggers SJ, Van Der Lely AJ. Ghrelin: the differences between 
acyl- and des-acyl ghrelin. Eur J Endocrinol. 2012;167:601-608.

 18. Delhanty PJD, Neggers SJ, Van der Lely AJ. Should we consider des-acyl ghrelin as 
a separate hormone and if so, what does it do? Front Horm Res. 2014;42:163-174.

 19. Barazzoni R, Gortan Cappellari G, Semolic A, et al. Plasma total and unacyl-
ated ghrelin predict 5-year changes in insulin resistance. Clin Nutr. 
2015;35:1168-1173.

 20. Cederberg H, Koivisto V-M, Jokelainen J, Surcel H-M, Keinänen-Kiukaanni-
emi S, Rajala U. Unacylated ghrelin is associated with changes in insulin sensi-
tivity and lipid profile during an exercise intervention. Clin Endocrinol. 
2012;76:39-45.

 21. Tong J, Davis HW, Summer S, et al. Acute administration of unacylated ghrelin 
has no effect on Basal or stimulated insulin secretion in healthy humans. Diabe-
tes. 2014;63:2309-2319.

 22. WHO Expert Committee. Physical status: the use and interpretation of anthro-
pometry. WHO technical report series no. 854. Geneva, Switzerland: WHO, 1995.

 23. American Diabetes Association. Classification and diagnosis of diabetes: stan-
dards of medical care in diabetes-2020. Diabetes Care. 2020;43:S14-S31.

 24. Matthews DR, Hosker JP, Rudenski AS, Naylor BA, Treacher DF, Turner RC. 
Homeostasis model assessment: insulin resistance and beta-cell function from 
fasting plasma glucose and insulin concentrations in man. Diabetologia. 
1985;28:412-419.

 25. Gortan Cappellari G, Barazzoni R. Ghrelin forms in the modulation of energy 
balance and metabolism. Eat Weight Disord. 2019. doi:10.1007/s40519-018 
-0599-6.

 26. Blijdorp K, Van der Lely AJ, Van den Heuvel-Eibrink MM, et al. Desacyl ghre-
lin is influenced by changes in insulin concentration during an insulin tolerance 
test. Growth Horm IGF Res. 2013;23:193-195.

 27. Delhanty PJ, Neggers SJ, Van der Lely AJ. Des-acyl ghrelin: a metabolically 
active peptide. Endocr Dev. 2013;25:112-121.

 28. Pacifico L, Poggiogalle E, Costantino F, et al. Acylated and nonacylated ghrelin 
levels and their associations with insulin resistance in obese and normal weight 
children with metabolic syndrome. Eur J Endocrinol. 2009;161:861-870.

 29. Rodríguez A, Gó Mez-Ambrosi J, Catalán V, et al. Acylated and desacyl ghrelin 
stimulate lipid accumulation in human visceral adipocytes. Int J Obes. 
2009;33:541-552.

 30. Dardzińska JA, Małgorzewicz S, Kaska Proczko ŁM, Stefaniak T, Stankiewicz 
M, et al. Fasting and postprandial acyl and desacyl ghrelin levels in obese and 
non-obese subjects. Endokrynol Pol. 2014;65:377-381.

 31. Heppner KM, Tong J. Mechanisms in endocrinology: regulation of glucose 
metabolism by the ghrelin system: multiple players and multiple actions. Eur J 
Endocrinol. 2014;171:R21-R32.

 32. Vestergaard ET, Jessen N, Møller N, Jørgensen JOL. Unacylated ghrelin does 
not acutely affect substrate metabolism or insulin sensitivity in men with type 2 
diabetes. J Clin Endocrinol Metab. 2019;104:2435-2442.




