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Abstract

Objectives: Preclinically, curcumin has been shown to protect against glucocorticoid-
induced insulin resistance. We evaluated the effect of curcumin administered with 
prednisolone in healthy overweight or obese men.
Methods: In a double-blind, parallel-group trial, 24 overweight/obese non-diabetic men 
were randomised to one of three intervention groups (A) prednisolone placebo+curcumin 
placebo, (B) prednisolone (50 mg/day)+curcumin placebo or (C) prednisolone and curcumin 
(400 mg/day). Curcumin or curcumin placebo treatment started 1 day prior to 10-day 
prednisolone or prednisolone placebo treatment. The primary endpoint was change in 
prednisolone-induced insulin resistance assessed by homeostatic model assessment of 
insulin resistance (HOMA2-IR). Other endpoints included anthropometric measurements, 
magnetic resonance spectroscopy-assessed hepatic fat content, blood pressure, circulating 
metabolic markers and continuous glucose monitoring measures.
Results: Baseline characteristics (mean ± s.d): age 44.2 ± 13.7 years, BMI 30.1 ± 3.5 kg/m2, 
HbAlc 33.3 ± 3.2 mmol/mol, HOMA2-IR 1.10 ± 0.45 and fasting plasma glucose 5.2 ± 0.4 
mmol/L. Prednisolone significantly increased HOMA2-IR (estimated treatment difference 
0.36 (95% CI 0.16; 0.57)). Co-treatment with curcumin had no effect on HOMA2-IR 
(estimated treatment difference 0.08 (95% CI −0.13; 0.39)). Prednisolone increased HbAlc, 
insulin, C-peptide, glucagon, blood pressure, mean interstitial glucose, time spent in 
hyperglycaemia and glucose variability, but no protective effect of curcumin on any of these 
measures was observed.
Conclusions: In this double-blind, placebo-controlled parallel-group study involving 
24 overweight or obese men randomised to one of three treatment arms, curcumin 
treatment had no protective effect on prednisolone-induced insulin resistance or other 
glucometabolic perturbations. Endocrine Connections
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Introduction

Prednisolone, a corticosteroid-based drug, is used in a 
wide range of diseases due to its anti-inflammatory and 
immunosuppressant effects (1, 2, 3, 4). Glucocorticoids 
affect various human tissues, and it has been shown 
that expression of 2% of our genome is regulated by 
glucocorticoids (5). Prednisolone is known to induce 
insulin resistance, increased hepatic glucose production, 
hyperglycaemia and secondary diabetes. Even lean, healthy 
individuals can experience significant glucometabolic 
perturbations during short-term (<1 month) treatment 
with glucocorticoid-based drugs (6, 7, 8, 9, 10, 11, 12). 
Also, hepatic steatosis is a well-known side effect of 
prednisolone (7, 13, 14, 15, 16). Besse and colleagues 
showed that obese individuals are particularly prone to 
the adverse glucometabolic effects of dexamethasone, 
another synthetic glucocorticoid, exhibiting decreased 
whole-body glucose disposal compared to lean individuals 
during a hyperglycaemic clamp (17).

Some countries have national guidelines regarding 
screening for and treatment of corticosteroid-induced 
diabetes, some have not. In some guidelines (e.g. 
the Danish (https://endocrinology.dk/nbv/diabetes-
melitus/behandling-og-kontrol-af-type-2-diabetes/) 
and English (https://abcd.care/sites/abcd.care/files/
site_uploads/JBDS_Guidelines_Archive/JBDS_08_
Steroids_DM_Guideline_FINAL_28052021_Archive.
pdf) guidelines), it is stated that the evidence in the 
area is sparse, and that the guidelines are built on 
empirical data. The American Diabetes Association 
mentions glucometabolic side effects of glucocorticoid 
drugs in their Standards of Medical Care in Diabetes 
but recommends no specific screening, prevention or 
treatment regimens (18, 18). Thus, validated preventive 
measures and treatment options for prednisolone-
induced glucometabolic derangements are lacking, but, 
nevertheless, highly needed.

Interestingly, curcumin, a phenolic compound 
extracted from the turmeric root, and curcumin 
analogues have been shown to ameliorate glucocorticoid-
induced ‘dysmetabolism’ in rodents (19, 20), and several 
preclinical studies have shown promising effects of 
curcumin with regard to prevention of glucocorticoid-
induced steatosis (19, 21, 22, 23, 24, 25, 26). A few 
clinical studies have demonstrated that curcumin 
treatment can decrease homeostatic model assessment 
of insulin resistance (HOMA-IR) in dysmetabolic 
patients (27, 28, 29). Many different targets have been 
proposed to be responsible for the metabolic effects 

of curcumin, including modulation of transcription 
factors, inflammatory mediators, cytokines, protein 
kinases and various cellular pathways (30).

Here, we employed a randomised, double-blind, 
parallel-group clinical trial design to investigate the 
protective effect of curcumin on prednisolone-induced 
insulin resistance and other relevant glucometabolic 
derangements in 24 overweight/obese men.

Methods

Trial design, approvals, and ethics

The study was a single-centre, randomised, double-blind, 
placebo-controlled, double-dummy, three-arm, parallel-
group study conducted from December 2019 to June 
2021 at Center for Clinical Metabolic Research, Gentofte 
Hospital, University of Copenhagen, Hellerup, Denmark, 
in accordance with the Declaration of Helsinki (2013 
edition) and Good Clinical Practice guidelines. The study 
was designed to assess the efficacy and safety of curcumin 
treatment for the prevention of prednisolone-induced 
hepatic insulin resistance assessed by HOMA2-IR (primary 
endpoint) in overweight/obese non-diabetic subjects. 
Study design and timeline are shown in Fig. 1. The study 
was approved by the Scientific–Ethical Committee of 
the Capital Region of Denmark (ID no. H-19017550) and 
the Danish Data Protection Agency (P-2019-657) and 
registered at https://www.clinicaltrials.gov/ (registration 
no. NCT04315350). Written informed consent was 
obtained from all participants.

Eligibility criteria

Key inclusion criteria included male sex, age above 18 
years, BMI above 24.9 kg/m2 and otherwise good health. 
Key exclusion criteria included use of glucose-lowering, 
lipid-lowering and/or steatogenic drugs, known viral, 
inherited and/or alcoholic liver disease, alcohol abuse and 
any condition that would interfere with trial participation 
and/or participant's safety. Detailed eligibility criteria can 
be found in Supplementary methods.

Treatment and randomisation

After obtaining oral and written informed consent 
and a screening visit at which fulfilment of eligibility 
criteria were secured, participants were randomised 
(using https://www.random.org/ by a person not 
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involved with any other study procedures) 1:1:1 to one 
of the following three interventions: (A) prednisolone 
placebo + curcumin placebo, (B) prednisolone + curcumin 
placebo or (C) prednisolone + curcumin. The 11-day 
curcumin/curcumin placebo treatment was started 1 day 
before prednisolone/prednisolone placebo treatment 
(Fig. 1). Curcumin was administered as tablets containing 
Meriva® (Indena S.p.A. Milan, Italy) 1000 mg twice daily, 
corresponding to a daily dose of 400 mg curcumin. 
Curcumin and curcumin placebo tablets were produced 
and sponsored by Indena S.p.A , and placebo tablets 
contained, apart from curcumin, the same ingredients as 
the curcumin tablets (Meriva®), which in the following 
will be referred to as curcumin. Meriva® is a phospholipid 
formulation containing the three main curcuminoids 
found in the turmeric root and has been shown to have 
enhanced pH stability and bioavailability as compared to 
unformulated curcumin (31). The manufacturer was not 
involved in the design of the study or analysis of data. 
The Hospital Pharmacy of the Capital Region of Denmark 
was responsible for the production and delivery of 
prednisolone (50 mg) and prednisolone placebo, which 
were administered once daily as encapsulated tablets for 
optimal blinding. Compliance was deemed acceptable if 
more than 75% of dosages were taken.

Participants reported missed dosages, concomitant 
medication and adverse events. Participants and 

everybody involved in the study procedures remained 
blinded to treatment allocation until the last study 
procedure and initial data analysis were finalised.

Experimental procedures

After inclusion, participants attended baseline magnetic 
resonance spectroscopy (MRS) for assessment of hepatic 
fat content, subcutaneous adipose tissue volume 
(SAT) and visceral adipose tissue volume (VAT) and 
experimental day #1, where they were randomised to 
one of the interventions mentioned above. After the 
intervention, the participants underwent another MRS 
and experimental day #2. Participants wore a continuous 
glucose monitor (CGM) on the upper arm throughout the 
treatment period and were blinded for the measurements 
(Fig. 1, panel A). The participant fasted for 10 h prior 
to each experimental day. On experimental days, 
bioelectrical impedance analysis, body weight, BMI, hip 
circumference, and waist circumference were assessed. 
The urinary bladder was emptied, and a urine sample 
was collected. Transient elastography (FibroScan®), 
resting heart rate and blood pressure were assessed with 
participants in a supine position. A cannula was inserted 
in a cubital vein for blood sampling with the forearm 
wrapped in a heating pad for arterialisation of the 
venous blood. An oral glucose tolerance test (OGTT) was 

Figure 1
Timeline of the study (A) and timeline of experimental days #1 and #2 (B). The 11-day curcumin (400 mg per day)/curcumin placebo treatment was 
started 1 day prior to the 10-day prednisolone (50 mg per day)/prednisolone placebo treatment. Red drops indicate blood sampling, yellow drops 
indicate urine sampling. CGM, continuous glucose monitoring; MRS, magnetic resonance spectroscopy; OGTT, oral glucose tolerance test.

This work is licensed under a Creative Commons 
Attribution-NonCommercial-NoDerivatives 4.0 
International License.

https://doi.org/10.1530/EC-22-0334
https://ec.bioscientifica.com� © 2023 the author(s)

Published by Bioscientifica Ltd

https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1530/EC-22-0334
https://ec.bioscientifica.com


P H Hellmann et al. e220334

PB–XX

12:4

performed (75 g glucose dissolved in 300 mL tap water 
ingested over 5 min, starting at time point 0 min). Blood 
samples were collected at time points −15, 0, 30, 60, 90, 
120, 150, 180, 210 and 240 min, and hereafter, urine 
sampling was repeated (Fig. 1, panel B). A sensor for CGM 
was applied to the upper arm >24 h prior to the start of 
prednisolone or prednisolone placebo and was removed 
before MRS #2 or the night before experimental day #2, 
whichever came first. A detailed description can be found 
in Supplementary methods.

For plasma glucose measurements, blood was 
collected in fluoride tubes and centrifuged immediately 
at 7400 g for 45 s at room temperature. For the analysis 
of free fatty acids, insulin and C-peptide in serum, 
blood was sampled into tubes containing serum clot 
activator and left to coagulate for at least 10 min at room 
temperature before centrifugation at 2900 g and 4°C 
for 15 min. Insulin and C-peptide samples were stored 
at −80°C until analysis, and free fatty acid samples were 
stored at −20°C until analysis. For plasma glucagon, 
blood was sampled into chilled tubes containing EDTA. 
The samples were immediately cooled on ice and 
centrifuged at 2900 g and 4°C for 15 min. The samples 
were stored at −20°C until analysis.

More details about experimental procedures can be 
found in Supplementary methods.

Analyses

The main analyses applied in the study are described 
in the following sections (details about the remaining 
analyses can be found in Supplementary methods). 
Plasma glucose was measured bedside using the glucose 
oxidase method (YSI model 2900D, Yellow Springs, OH, 
USA). For serum insulin and C-peptide concentrations, 
a two-sided chemical luminescence immunoassay 
(Siemens Atellica IM analyser, Erlangen, Germany) was 
used. Plasma glucagon was measured using a C-terminally 
directed antiserum (code no 4305) measuring glucagon of 
pancreatic origin as described earlier (32). For analysis of 
free fatty acids, an enzymatic colorimetric method was 
used (manual ELISA (NEFA-HR (2)), ACS-ACOD, Wako 
Chemicals, Neuss, Germany).

Calculations and statistical analysis

The primary endpoint was HOMA2-IR calculated from 
plasma glucose and serum C-peptide in the fasted state, 
as the mean of the −15 min and the 0 min values (The  
HOMA2 Calculator© version 2.2.3, The University of Oxford  

2004–2021) (https://www.dtu.ox.ac.uk/homacalculator/). 
Detailed calculations of study power, oral glucose insulin 
sensitivity (OGIS), insulinogenic index, disposition index, 
area under the curve (AUC) and incremental AUC (iAUC) for 
parameters measured during OGTT as well as calculations 
regarding CGM data are provided in Supplementary 
methods. A sample size of seven participants in each 
group was needed to detect a curcumin-induced 50% 
amelioration of prednisolone-induced insulin resistance 
with 80% power and assuming a s.d. similar to Hansen 
and colleagues (8). A constrained linear mixed model with 
inherent baseline adjustment (33) was used to calculate 
the effect of interventions, including visit, treatment and 
their interaction as fixed factors. CGM data were compared 
between treatments using Welch two-sample t test. P 
values < 0.05 are considered statistically significant.

Statistical analyses were made with R version 4.0.3. 
Graphs were made with GraphPad Prism v. 9.0.0.

Results

We screened 30 participants after informed consent was 
given. Six were ineligible for participation. At baseline, 
the participants had the following characteristics 
(mean ± s.d.): age 44.2 ± 13.7 years, BMI 30.1 ± 3.5 kg/
m2, HbA1c 33.3 ± 3.2 mmol/mol, HOMA2-IR 1.10 ± 0.45, 
fasting plasma glucose 5.2 ± 0.4 mmol/L, hepatic fat 
content 2.7 ± 2.6 % and waist circumference 105.7 ± 9.6 
cm (Table 1). All participants exhibited self-reported 
compliance above 75%, with mean compliance of 98% 
regarding ingested dosages. All included participants 
completed the study. Eleven adverse events were reported 
in Group A, nine in Group B and five in Group C. No 
serious adverse events were reported. One participant 
in Group B experienced epistaxis and terminated 
treatment as per investigator’s instructions after 8 days of 
prednisolone treatment and was invited for experimental 
day #2, the day after the last dose.

HOMA2-IR

HOMA2-IR increased by 0.28 (95% CI 0.14; 0.44) from 
baseline to end-of-treatment (EOT) in Group B receiving 
prednisolone and curcumin placebo, thus resulting in 
an estimated treatment difference (ETD) of 0.36 (95% CI 
0.16; 0.57) compared to Group A receiving placebo only.

However, no effect of co-treatment with curcumin 
on the adverse effect of prednisolone on HOMA2-IR was 
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seen when comparing Group C receiving prednisolone 
and curcumin with Group B receiving prednisolone 
and curcumin placebo (ETD 0.08 (95% CI −0.13; 0.39)) 
(Fig. 2).

CGM

Prednisolone increased the percentage of time 
spent in hyperglycaemia, mean interstitial glucose 
concentrations, coefficient of variance (CV) of 
interstitial glucose and high blood glucose index when 
compared to placebo (Group B vs A). Curcumin did not 
affect these glycaemic adverse effects of prednisolone 
(Group C vs B). We found no effect of any intervention 
on the percentage of time spent in hypoglycaemia 

or euglycaemia, or on low blood glucose index when 
compared to placebo (Group B vs A) (Fig. 3, Table 3).

HbA1c and glucometabolic measures from OGTT

Administration of prednisolone increased HbA1c, 
insulinogenic index, and disposition index compared to 
placebo (Group B vs A), and adjuvant curcumin treatment 
did not affect these prednisolone-induced glucometabolic 
perturbations (Group C vs B) (Table 2). OGIS (Table 2), 
circulating concentrations of glucose and free fatty acids 
in the fasted state and during OGTT (as assessed by AUC 
and iAUC, respectively) were not significantly affected 
by any intervention (Table 2, Fig. 4). Serum insulin in 
the fasted state was not affected by prednisolone, but 
the insulin response to the OGTT was greater in Group B 
receiving prednisolone and curcumin placebo vs Group 
A receiving placebo only. Curcumin had no significant 
effect on this (Group C vs B) (Table 2, Fig. 4). C-peptide 
was also significantly increased by prednisolone both 
during fasting and in response to the OGTT. Co-treatment 
with curcumin further increased C-peptide levels 
compared to prednisolone treatment alone (Group C vs B) 
(Table 2, Fig. 4). Prednisolone increased plasma glucagon 
concentrations in the fasted state as well as during the 
OGTT (Group B vs A), and no effect of curcumin on this 
was observed (Group C vs B) (Table 2, Fig. 4).

Anthropometric measurements, bioelectrical 
impedance analysis, FibroScan® measures,  
hepatic fat content, SAT and VAT

We found no significant effect of prednisolone compared 
to placebo (Group B vs A) on anthropometrics, FibroScan® 
measures, or MRS-assessed hepatic fat content, SAT 
or VAT (Table 2) or bioelectrical impedance analysis 
(Supplementary Table 1, see section on supplementary 
materials given at the end of this article).

Table 1 Baseline characteristics of the 24 included participants in the three intervention groups.

Group A (n = 8) prednisolone 
placebo + curcumin placebo  

(mean ± s.d.)

Group B (n = 8) 
prednisolone + curcumin  

placebo (mean ± s.d.)

Group C (n = 8) 
prednisolone + curcumin  

(mean ± s.d.)

Age (years) 41.6 ± 9.8 44.0 ± 13.5 47.0 ± 17.8
BMI (kg/m2) 30.4 ± 4.3 30.3 ± 3.3 29.3 ± 3.2
HOMA2-IR 1.17 ± 0.50 1.2 ± 0.53 0.94 ± 0.31
Fasting plasma glucose (mmol/L) 5.15 ± 0.42 5.37 ± 0.41 4.99 ± 0.41
Hepatic fat content (%) 3.1 ± 2.5 3.1 ± 3.0 2.4 ± 2.3
HbA1c (mmol/mol) 34.4 ± 2.3 32.0 ± 3.4 33.4 ± 3.7

HbA1c, glycated haemoglobin A1c; HOMA2-IR, homeostatic model assessment of insulin resistance. HbA1c, glycated haemoglobin A1c; HOMA2-IR, 
homeostatic model assessment of insulin resistance.
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Figure 2
Individual changes in homeostatic model assessment for insulin 
resistance (HOMA2-IR) from baseline to end-of-treatment (EOT) in the 
three intervention arms. †P value for treatment difference (between-
group comparison); ‡P value for change from baseline to EOT (within-
group comparison). P values are from constrained linear mixed model.
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Blood pressure and heart rate

Systolic blood pressure was not changed by prednisolone 
compared to placebo (Group B vs A), and when adding 
curcumin as a co-treatment, a significant difference in 
systolic blood pressure was seen compared to the group 
receiving prednisolone placebo and curcumin placebo 
(Group C vs A), but not compared to the group receiving 
prednisolone and curcumin placebo (Group C vs B); thus, 
curcumin co-treatment had no statistically significant 
effect. Prednisolone increased diastolic blood pressure vs 

placebo (Group B vs A), and co-treatment with curcumin 
caused a significant increase compared to the group 
not receiving curcumin (Group C vs B); thus, curcumin 
added to the effects of prednisolone on blood pressure. 
Heart rate remained unchanged (Table 2).

Lipids, liver parameters and C-reactive protein

High-density lipoprotein and gamma glutamyltransferase 
(GGT) were increased, whereas albumin, alkalic 
phosphatase, aspartate aminotransferase, C-reactive 
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Figure 3
Data from continuous glucose monitoring (CGM). Data collection started at 8:00 h first day on prednisolone/prednisolone placebo and terminated at the 
night before experimental day #2 or right before magnetic resonance spectroscopy #2, whichever came first. Hyperglycaemia is defined as blood glucose 
> 7.8 mmol/L and hypoglycaemia is defined as blood glucose < 4 mmol/L. Distribution of glycaemic ranges in the three intervention groups (A); mean 
interstitial glucose (B); glycaemic variability of interstitial glucose (coefficient of variance (CV)) (C); low blood glucose index (LBGI) (D); high blood glucose 
index (HBGI) (E). P values in B–E refer to intra-group differences calculated using Welch two-sample t-test comparing groups individually. For details about 
statistical analysis, please refer to Table 3.
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protein (CRP), and creatine kinase were lowered by 
prednisolone when compared to placebo (Group B vs A), 
and curcumin did not affect these changes (Group C vs B) 
(Table 2). Triglycerides, bilirubin, alanine transaminase 
and urea production were not significantly affected by 
prednisolone. Lactate dehydrogenase (LDH) was not 
significantly affected by prednisolone treatment alone 
(Group B vs A), but co-treatment with curcumin resulted 
in a significant decrease in LDH (Group C vs B) and also 
when compared to the group receiving placebo (Group C 
vs A) (Table 2).

Discussion

We report that administration of the phenol curcumin, 
previously reported to protect against glucocorticoid-
induced hepatic steatosis and ‘dysmetabolism’ in rodents 
and reduce HOMA-IR in dysmetabolic humans, did 
not ameliorate HOMA2-IR-assessed insulin resistance 
induced by a 10-day prednisolone treatment course (50 
mg per day). Also, co-treatment with curcumin did not 
protect against prednisolone-induced increases in HbA1c, 
CGM measures, insulinogenic index, disposition index 
and circulating levels of insulin, C-peptide and glucagon.

In a mouse study, curcumin and dexamethasone 
treatment resulted in a greater plasma glucose-lowering 
response to an insulin tolerance test compared to 
mice treated with only dexamethasone, suggesting 
that curcumin decreases insulin resistance (20). The 
mechanisms behind curcumin-mediated amelioration 
of insulin resistance are unclear, but in vitro evidence 
suggests that curcumin increases glucose uptake in muscle 
cells via increased GLUT4 translocation and suppresses 
glycogenolysis and gluconeogenesis in hepatocytes (as 
reviewed by Den Hartogh and colleagues (34). In line 
with this, preclinical studies also indicate that curcumin 
counteracts glucocorticoid-induced gluconeogenesis (20, 
35). We did not measure gluconeogenesis, but results 
from CGM showed increased time above range, mean 
interstitial glucose, coefficient of variance and high blood 
glucose index which could – at least partly – be explained 
by increased gluconeogenesis.

Curcumin has been shown to have advantageous 
effects on HOMA-IR, Quantitative Insulin Sensitivity 
Check Index, fasting glucose and insulin levels in several 
clinical studies in individuals with impaired glucose 
tolerance, obesity, type 2 diabetes and non-alcoholic fatty 
liver disease, respectively, not caused by glucocorticoids 
(28, 29, 36, 37). Such favourable effects were not seen in 

the present study investigating the effect of curcumin 
on prednisolone-induced glucometabolic perturbations. 
However, the individuals in our study were in general 
less dysmetabolic (before and after our prednisolone 
intervention) than individuals included in previous 
studies, which might partly explain lack of effect. In a 
mouse study, Tian and colleagues found that curcumin 
ameliorated dexamethasone-induced insulin resistance 
(20), but no previous human studies have investigated 
the effect of curcumin on glucocorticoid-induced insulin 
resistance. In another human study, half the dose of 
the same curcumin formulation (previously shown to 
be absorbed to the circulation after oral administration 
(31)) as used in the present study was administered for 
eight weeks. The study showed reduction in steatosis 
in people with non-alcoholic fatty liver disease (38). 
Another clinical study investigating a lower dose of 
unformulated curcuminoids administered for a 3-month 
period showed significant reduction of HOMA-IR in 
patients with overweight or obesity and type 2 diabetes 
(29). Based on these studies, we evaluated that the 
chosen dose of curcumin (400 mg/day) was sufficient for 
the purpose of the present study, but, nevertheless, we 
cannot exclude that (1) a higher dose of curcumin and/
or a longer treatment duration may counteract high-
dose prednisolone-induced increase in HOMA-IR, and 
(2) the dose used in the present study may be sufficient 
to protect from low-dose glucocorticoid-induced adverse 
metabolic effects.

In line with what has been found in other 
trials (14, 41),  prednisolone increased circulating 
insulin and C-peptide concentrations during OGTT. 
co-administration of curcumin potentiated this increase, 
without affecting insulin resistance, which is in line 
with data indicating that curcumin increases insulin 
secretion (40, 41, 42). The insulin-promoting effect of 
curcumin may be via direct effects on pancreatic beta 
cells as several studies reported insulinotropic effects 
of curcumin in in vitro experiments performed on beta 
cell lines and isolated pancreatic islets (reviewed by Den 
Hartogh and colleagues (34). Curcumin may also cause 
beta cell hypertrophy and proteasome inhibition which 
could positively affect insulin secretion (40).

Circulating glucagon concentrations are known 
to increase as a result of glucocorticoid treatment (9, 
43). A study in mice indicated that chronic mild stress 
increased corticosterone concentration accompanied 
by increased circulating glucagon levels, which could 
be ameliorated by concomitant curcumin treatment 
(44). The effect of curcumin on circulating glucagon 
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concentrations is uncertain and the present results 
indicate that curcumin does not affect prednisolone-
induced hyperglucagonaemia in humans. A previous 
study by our group in obese individuals showed no effects 
of curcumin on circulating glucagon concentrations after 
6 weeks treatment (45).

Long-term use of glucocorticoid treatment is known 
to induce steatosis (46), but short-term use has not been 
found to change hepatic fat content in healthy young men 
(10). In the present study, we found no effect of a 10-day 
prednisolone treatment course (50 mg per day) on hepatic 
fat content in overweight/obese non-diabetic individuals, 
and, accordingly, no beneficial effects of curcumin 
treatment were observed.

We observed a significant prednisolone-induced 
increase in diastolic blood pressure, and co-treatment with 
curcumin further increased diastolic blood pressure. The 
increase in blood pressure could be due to prednisolone’s 
mineralocorticoid effects (47). To our knowledge, 
curcumin has not previously been found to increase 
blood pressure under normal physiological conditions, 
as also reported in a meta-analysis (48). However, with 
concomitant prednisolone treatment, we speculate that 
curcumin may increase the level of prednisolone in 
the active form in the distal nephron due to curcumin-
induced inhibition of the enzyme 11-beta-hydroxysteroid 
dehydrogenase-2 (49), resulting in increased diastolic 
blood pressure.

Strengths of the present study include the use of 
high-dose curcumin formulated with lecithin, which 
is known to have a high bioavailability (31, 50) and to 
be well-tolerated in humans (51, 52). The three-armed 
design with two placebo treatments and the use of both 
OGTT, HbA1c and CGM, provide a broad overview of 
prednisolone’s and curcumin’s glucometabolic effects. 
By enrolling overweight/obese otherwise healthy 
individuals, we augmented the probability of detectable 
prednisolone-induced adverse glucometabolic effects 
and, thus, relevant curcumin treatment targets. 
Limitations of our study include a small sample size, a 
sample size calculation based on suboptimal data and 
that P values were not adjusted for multiple testing, as we 
did not predefine secondary and exploratory endpoints. 
Therefore, results for other endpoints than our primary 
endpoint should be interpreted with caution.

In conclusion, the present study did not show 
beneficial effects of curcumin co-administered with a 
10-day prednisolone treatment course (50 mg/day), 
suggesting curcumin to be ineffective in mitigating 
prednisolone-induced changes in insulin resistance Ta
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Figure 4
Values (mean and SD) of glucose (A), insulin (B), C-peptide (C), free fatty acids (FFA) (D) and glucagon (E) measured during oral glucose tolerance test 
(OGTT) at baseline (light colours) and at end-of-treatment (EOT) (dark colours). The boxplots show median and IQR values for area under the curve (AUC) 
of the parameters measured during the OGTT (glucose (F), insulin (G), C-peptide (H), free fatty acids (I) and glucagon (J) at baseline (light colours) and at 
end-of-treatment (EOT) (dark colours)). Group A (blue): prednisolone placebo + curcumin placebo; Group B (green), prednisolone + curcumin placebo; 
Group C (red), prednisolone + curcumin. †P value for treatment difference (between-group comparisons), ‡P value for change from baseline to EOT 
(within-group comparisons) calculated using the constrained linear mixed model. Further statistical results can be found in Table 2.
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as estimated by HOMA2-IR and other glucometabolic 
parameters. However, our study is limited by a small sample 
size inferring that a larger study with a longer treatment 
period and/or a higher dose of curcumin is warranted 
to fully clarify if curcumin has potential to ameliorate 
glucocorticoid-induced insulin resistance in humans.
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This is linked to the online version of the paper at https://doi.org/10.1530/
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