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Introduction. Melatonin plays a crucial role in regulating sleep
and has potent antioxidant properties. However, the relationship
between melatonin supplementation and metabolic factors related
to diabetes and lipid profiles—which are associated with increased
mortality in kidney transplant recipients has not yet been fully
clarified.

Methods. This randomized, double-blind, placebo-controlled trial
was conducted at Labbafinejad Hospital, Tehran, Iran. Adult kidney
transplant recipients (=6 months post-transplant) received either
6 mg/day melatonin or placebo for three months. A modified
intention-to-treat analysis included 42 patients per group. The
primary outcomes were changes in fasting blood sugar (FBS) and
HbA1lc levels, while secondary outcomes included blood pressure
and lipid profile parameters. Between-group effects were estimated
using linear regression adjusted for baseline values and confounders.
Results. In the melatonin group, FBS decreased by a median of
6.5 mg/dL (P <.001) and HbAlc by 0.25 units (P < .001), whereas
both parameters increased in the placebo group. The adjusted
between-group effect favored melatonin for HbAlc (f = —0.30%;
95% CI: —=0.59 to —0.01; P < .001) but not for FBS (B = -2.61 mg/
dL;95% CI: =17.93 to 12.71; P = .283). Triglyceride levels decreased
by 16 mg/dL in the melatonin group compared with an increase
of 13.5 mg/dL in the placebo group (adjusted p = -23.77 mg/dL;
95% CI: —45.50 to —2.04; P = .032). No significant differences were
observed in blood pressure and renal function.

Conclusion. Melatonin supplementation for three months modestly
improved glycemic control and lowered serum triglyceride levels
in kidney transplant recipients, with no effects on blood pressure
or kidney function. These results support melatonin’s potential as
an adjunct therapy for metabolic dysregulation in this population,
warranting further investigation into its long-term benefits.
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represent a major clinical burden, with significant
effects on both patient and graft outcomes.!
These disorders arise from a multifactorial
interplay of immunosuppressive therapy, pre-

Metabolic complications such as diabetes mellitus,
dyslipidemia, hypertension, and obesity are
highly prevalent after kidney transplantation and
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existing comorbidities, and lifestyle factors, and
their management requires early detection and
intervention.??® Safe adjunctive strategies for
post-transplant metabolic complications remain
clinically important because of their effects on
cardiovascular, graft, and patient outcomes.*

Melatonin, an indoleamine primarily synthesized
in the pineal gland under circadian regulation,
has antioxidant and cytoprotective properties that
have been investigated in several transplantation-
related contexts.’

Hyperglycemia increases reactive oxygen species
production.® The imbalance between intracellular
free radicals and antioxidants, along with increased
oxidative stress and inflammatory responses,
contributes to diabetes-related complications.”8
Emerging evidence suggests that melatonin may
reduce diabetes-related complications by mitigating
oxidative damage.’

Beyond its antioxidant effects, melatonin may
influence metabolic regulation, although these
effects may depend on the timing of administration
and individual factors such as MTNRIB
polymorphisms.!%13 Its secretion follows a day-
night rhythm and may influence insulin secretion
and sensitivity and glucagon regulation.!*!° Some
experimental and clinical evidence suggests that
melatonin may modulate insulin secretion and
insulin sensitivity, although acute suppression of
insulin secretion has also been reported, indicating
that its metabolic effects should not be considered
uniformly beneficial.!®!® Altered nocturnal
melatonin secretion in chronic kidney disease (CKD)
may be relevant in kidney transplant recipients.

Despite growing interest in melatonin as a safe and
inexpensive adjunctive therapy, evidence regarding
its effects on glycemic and lipid parameters in
kidney transplant recipients is still limited. This
gap is clinically important because transplant
recipients are exposed to unique metabolic risks
related to immunosuppressive therapy, pre-existing
comorbidities, and post-transplant changes in
renal function and lifestyle. This study aims to
evaluate the efficacy of melatonin in improving
diabetes and lipid related parameters in kidney
transplant recipients.

This study was conducted as a randomized,

double-blind, single-center, placebo-controlled
clinical trial. It included adult kidney transplant
recipients who were at least of six months post-
transplantation at the time of study enrollment. The
study was performed from January to September
2025 at Labbafinejad Educational, Research, and
Medical Center, a referral kidney transplantation
center, affiliated with Shahid Beheshti University of
Medical Sciences, Tehran, Iran. The ethics Committee
review board approved the study protocol (code:
IR.SBMU.PHARMACY.REC.1403.163) and the
study was performed in accordance with the
Declaration of Helsinki. Participation in this study
was voluntary and written informed consent
was obtained from all patients. The study was
approved and received clinical trial approval code
from Iranian Registry of Clinical Trials, a primary
registry in the World Health Organization Registry
Network (IRCT20160412027346N10).

Eligibility criteria were assessed during visits
to the outpatient clinic of the medical center.
Inclusion criteria were as follows: individuals aged
18 years or older who were willing to provide
informed consent, general patients were at least
six months post-kidney transplantation at the
time of recruitment and agreed not to participate
in any other research studies until completion of
this study.

Patients were excluded if conditions existed that
could compromise the safe implementation of the
study protocol, or if they had active infections,
malignancies, or chronic liver disease (Child-Pugh
classes B and C). Additional exclusion criteria
included working night shifts, routine use of
melatonin or antioxidant supplements (such as
vitamins E and C, coenzyme Q10, or selenium)
within the past three months, pregnancy or
breastfeeding, a history of cigarette smoking,
mood disorders, or medication history involving
antidepressants, antipsychotics, antiepileptics,
warfarin, or strong CYP1A2 inhibitors. Patients
receiving insulin at baseline due to repetitive
changes in insulin dose and with a history of
hypersensitivity reactions to melatonin or its
formulation components were also excluded.
Furthermore, any patient hospitalized during the
study period was excluded from participation.

All eligible participants were randomly assigned
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in a 1:1 ratio to either the melatonin group or
the placebo group. Participants in the melatonin
group received 6 mg of melatonin (two 3 mg
tablets manufactured by Razak Pharmaceutical
Company, Tehran, Iran) daily at bedtime for three
months, while those in the placebo group received
two placebo tablets (identical in appearance and
also manufactured by Razak Pharmaceutical
Company, Tehran, Iran) daily at bedtime for
the same duration. Participation in this study
did not restrict the use of standard medications.
Patients were advised to continue taking their
previously prescribed medications as directed
and to inform the principal investigator of any
changes to their treatment regimen made upon
their physician’s recommendation. To minimize
potential confounding effects on study outcomes,
doses of oral antidiabetic medications and lipid-
lowering agents remained unchanged throughout
the study. With respect to lifestyle-related factors,
including diet and physical activity, all patients
remained adherent to the comprehensive post-
transplant protocol of Labbafinejad Hospital.

The study was performed as a double-blind trial.
The necessary study medications were provided and
packaged uniformly and were undistinguishable.
Neither the participants nor the outcome assessors
were aware of whether melatonin or placebo is
being administered.

Demographic data, including name, date of birth,
contact number, medication history, and concomitant
medical diseases, were collected by investigators
from patients before drug administration on the
first visit in a face-to-face contact after a written
informed consent was obtained. The prepared
case report forms were used to collect data of the
patients including demographics, baseline clinical
and laboratory data. The included patients were
followed for three-months. The related clinical data,
including systolic and diastolic blood pressures,
glucose indices (including fasting blood sugar
(FBS) and HbAlc percentage), and lipid profile
(including total cholesterol, low-density lipoprotein
/ high-density lipoprotein and triglyceride level),
were recorded at baseline and again three months
later at the end of the follow-up period. Adherence
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to treatment was monitored through telephone
follow-ups with patients. Medication was dispensed
monthly, and drug consumption was evaluated by
counting the remaining pills. After assessment, the
medication was reissued to the patient. Adverse
effects were evaluated using the Naranjo Adverse
Drug Reaction Probability Scale, with a score of
5 or higher considered indicative of a probable
side-effects. All patients’ tests were performed in
the same laboratory.

The primary objective of the study was to
evaluate whether melatonin use was associated
with improvement in FBS and HbA1c from baseline
(P <.05). Secondary outcomes included the effects
of melatonin on blood pressure and lipid profile.

Based on the assumptions from a previous
study [12], the mean FBS was considered after 12
weeks of intervention as the primary outcome,
with the melatonin group having a mean of 112.1
mg/dL and the placebo group having a mean of
131.4 mg/dL among diabetic patients undergoing
hemodialysis. Equal standard deviations of 30
were assumed, Using a two-sided test with a type
I error rate of 5% (a = 0.05), and a power of 80%
(B =0.2), along with a potential attrition rate of
20%. Consequently, the sample size was estimated
to be 98 patients, with 49 patients in each group
using PASS software, version 21.0.3.

The stratified permuted block randomization
method was employed to ensure balance in the
frequency of antihypertensive medication use
(as a potential confounding variable). Blocks
were created based on the sample size, with 10
blocks of sizes 4, 6, and 8 used for the group
receiving antihypertensive drugs, and 9 blocks of
sizes 2, 6 and 8 used for the group not receiving
antihypertensive drugs. Randomization was
conducted using the “blockrand” package in R
software version 4.4.2. Patients were enrolled in
each group according to the predetermined sample
size and the randomized list, with each individual
assigned a unique research code. Each participant
was assigned a unique six-digit randomization
code, which represented three components: (1) the
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participant’s antihypertensive medication status for
stratification, (2) the treatment allocation (melatonin
or placebo), and (3) a participant identifier. Study
medications (melatonin and placebo) were labeled
only with these six-digit codes, identical to those
in the randomization list.

The investigators conducting the trial and
all participants were blinded to the meaning
of the codes and were unaware of which
codes corresponded to melatonin or placebo.
Medications were dispensed strictly according to
the randomization code sequence. The allocation
list linking the codes to treatment groups was
securely kept by the independent epidemiologist
and remained confidential until completion of data
collection and final statistical analysis.

One hundred and thirty-six patients were
assessed for eligibility, of which 32 were excluded
because they did not meet the study inclusion
criteria (less than six months had passed since
transplantation). In addition, nine patients declined
to participate in the study.

Ninety-five patients were randomized: 47
received placebo and 48 received melatonin. During
the study, one patient in the placebo group was
lost to follow-up due to migration, two patients
were lost to follow-up due to non-attendance,
and two patients withdrew because they were
unwilling to continue. In the melatonin group, six
patients discontinued the study because of drug-
related adverse effects, including drowsiness in
four patients, facial swelling in one patient, and
headache in one patient. Finally, 42 patients in
each group were analyzed (Figurel).

The data analysis approach in this study was
modified Intention-To-Treat (mITT) based on the
initial randomization (according to their originally
assigned intervention groups). All participants who
had baseline assessment after randomization and
had post-baseline outcome measurement at the
3-month follow-up were included in the analysis.
Participants for whom no post-baseline outcome
data were available due to loss to follow-up (e.g.,
migration) or early discontinuation related to
adverse drug events were not included in the final
analysis. Exclusions were based on the absence of

follow-up data rather than non-adherence to the
assigned intervention.

The normality of quantitative data was assessed
using Shapiro-Wilk test and histograms. Quantitative
data were described using the mean and standard
deviation or the median and interquartile range
(Q1 - Q3), while qualitative data were described
in terms of frequency and percentage. The
confidence intervals for medians were calculated
using the binomial-based method implemented
in Stata’s “centile” command, which makes no
assumptions about the underlying distribution
of the variables. The 95% confidence intervals
for the means were estimated using the standard
formula. To compare differences in the means of
quantitative variables, depending on the normality
of the variables, either the parametric Student’s
t-test or the non-parametric Mann-Whitney U
test was utilized. Following the Student’s t-test
the assumption of equal variances was verified
using Levene’s test. For assessing differences in
the distribution of categorical variables, the chi-
square test or Fisher’s exact test was employed.
To evaluate changes in the factors of interest after
the intervention compared to before, either the
parametric paired t-test or the non-parametric
Wilcoxon signed-rank test was used. To evaluate
the adjusted treatment effects, we performed linear
regression models for each continuous outcome.
For each outcome, the follow-up value was entered
as the dependent variable. In Model 1, we adjusted
for the treatment group and the corresponding
baseline value of the outcome variable. In Model
2, we additionally adjusted for other baseline
characteristics (including age, gender, BMI, and
other relevant covariates). For outcomes with a
non-normal distribution (determined by Shapiro-
Wilk test and visual inspection of histograms),
log-transformation was applied prior to linear
regression analysis. Finally, results are reported as
beta coefficients (B) with 95% confidence intervals
(CIs). Regarding multiple comparisons, the reported
p-values were re-estimated using the Benjamini-
Hochberg correction method. This approach helps
control the False Discovery Rate (FDR), making
it a suitable statistical strategy for evaluating the
significance of multiple outcomes. All analyses
were performed with a significance level of less
than 0.05 using Stata version 17 (StataCorp LLC,
College Station, TX 77845, USA).

237



Melatonin and Metabolic Profiles After Kidney Transplantation—Pourrezagholi et al

[ Enrollment ]

Assessed for eligibility (n = 136)

Excluded (n = 41)
e Not meeting inclusion criteria (n = 32)

¢ Declined to participate (n = 9)
e Other reasons (n = 0)

Randomized (n = 95)

!

‘ (

Allocation )
J

Allocated to Placebo (n = 47)
e Received allocated intervention (n = 47)
¢ Did not receive allocated intervention (n = 0)

Allocated to melatonin (n = 48)
e Received allocated intervention (n = 48)
e Did not receive allocated intervention (n = 0)

( Follow-Up ]
L J

Lost to follow-up (n = 3)
Discontinued intervention (n = 2)

Lost to follow-up (n = 0)
Discontinued intervention (Adverse effects)
(n = 6, 4 Drowsiness, 1 Edema, 1 Headache)

Analysis W v
J

Analysed (n = 42)
e Excluded from analysis (n = 0)

Figure 1. Study consort flow diagram.

One hundred and thirty-six potential patients
with a history of kidney transplantation were
identified to participate in this study. The CONSORT
flow diagram of participants’ progress throughout
the study is shown in Figure 1. A total of 41 patients
were excluded before randomization. After that,
95 patients were randomly allocated (47 patients
in group A [placebo] and 48 patients in group B
[melatonin]). Ultimately, 42 patients in each group
were analyzed using the mITT approach (Figure 1).

According to the results presented in table 1,
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Analysed (n = 42)
e Excluded from analysis (n = 0)

the demographic and clinical information of the
patients was assessed and compared between the
two study groups at baseline using mITT approach.
In this study, 59.52% of the patients were male. The
overall mean age of the patients was 48.47 + 12.91
years, with no statistically significant difference
in age (P =.069) or gender (P = .182) observed
between the two study groups. The median time
since kidney transplantation among patients was
55 months, with an interquartile range of 17 to
111. Overall, no statistically significant differences
were found in the distribution of demographic,
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Table 1. Comparison of general and clinical characteristics between the placebo and melatonin groups based on the modified intention-

to-treat (mITT) approach

Placebo

Melatonin

Total

Variables (n = 42) (n = 42) (n = 84) P

General information

Age (Years) ( mean + standard deviation) 50.92 £ 13.20 46.02 + 12.28 48.47 £ 12.91 .069

Gender (n,%)

Female 14 (33.33) 20 (47.62) 34 (40.48) 182
Male 28 (66.67) 22 (52.38) 50 (59.52)

Height (cm) ( mean +* standard deviation) 167.97 £ 10.15 168.92 £ 12.23 168.45 £ 11.18 .341

Weight (kg) 69.54 + 13.04 74.45 +12.26 72.0+12.82

(mean + standard deviation) 079

Body Mass Index (BMI, kg/m?) ( mean * standard deviation) 24.57 + 3.82 26.24 + 4.55 25.41 +4.26 .072
History of diabetes or pre-diabetes (n,%)

Diabetes 28 (66.67) 25 (59.52) 53 (63.10)

Pre-diabetes 0 (0.0) 3(7.14) 3(3.57) 275

None 14 (33.33) 14 (33.33) 28 (33.33)
Hypertension staging (n,%)

Normal (< 120/ < 80 mmHg) 13 (30.95) 7 (16.67) 20 (23.81)

Elevated (120-129/ < 80 mmHg) 6 (14.29) 8 (19.05) 14 (16.67) 493

Stage 1 (130-139/80-89 mmHg) 17 (40.48) 20 (47.62) 37 (44.05)

Stage 2 (= 140/ 2 90 mmHg) 6 (14.29) 7 (16.67) 13 (15.48)
Positive history of dyslipidemia (n,%) 25 (59.52) 31(73.81) 56 (66.67) 165
Months passed from transplantation (median (Q1 —Q3)) 43.5 (17 — 98) 64.5 (17 — 113) 55 (17 — 111.5) .809
Drug history (Yes) (n,%)

Calcineurin inhibitors 41 (97.62) 42 (100.0) 83 (98.81) 1.000

Mycophenolate 42 (100.0) 38 (90.48) 80 (95.24) 116

mTOR inhibitor 1(2.38) 4(9.52) 5 (5.95) .360

Corticosteroids 42 (100.0) 41 (97.62) 83 (98.81) 1.000

Calcium channel blockers 14 (33.33) 13 (30.95) 27 (32.14) .815

Beta blockers 21 (50.0) 24 (57.14) 45 (53.57) 512

ACEIi/ARB 17 (40.48) 18 (42.86) 35 (41.67) .825

Diuretics 6 (14.29) 2 (4.76) 8 (9.52) .265

Lipid-lowering agents 33 (78.57) 38 (90.48) 71 (84.52) 227

Anti-diabetic oral agents 14 (33.33) 15 (35.71) 29 (34.52) .818
Adverse drug events (n,%)** N =47 N =48 N =95

Drowsiness and nightmares 0(0.0) 7 (14.58) 7(7.37) .012*

Facial swelling 0(0.0) 1(2.08) 1(1.05) 1.000

Headache 0(0.0) 1(2.08) 1(1.05) 1.000

Constipation 1(2.13) 0 (0.0) 1(1.05) 495

Data presented as mean + standard deviation or median and interquartile range (Q1-Q3) or frequency and percentage.
mTOR:mammalian target of rapamycin; ACEi: angiotensin converting enzyme inhibitor; ARB: angiotensin receptor blockers.

*Statistically significant, P-value < .05

For continuous variables, p-values were estimated using Student’s t-test for normally distributed data and the Mann-Whitney U test for non-
normally distributed data. For categorical variables, the Chi-square or Fisher’s exact test was used as appropriate.
**Percentages are calculated based on the number of participants after randomization (N = 95)

anthropometric, and clinical and medication history
factors between the two study groups (P > .05)
(Table 1).

Among patients included in the mITT analysis,
pill count demonstrated 100% adherence in both
groups, as confirmed by telephone follow-ups. To
assess adverse drug events (ADEs), all randomized
participants were included in the analysis (N = 95).
The only adverse event with a statistically significant

difference between the melatonin and placebo
groups was drowsiness and nightmares (P = .012),
occurring in 14.58% of the melatonin group versus
0.0% in the placebo group. No significant differences
were observed regarding facial swelling, headache,
or constipation (Table 1).

A true ITT analysis was performed using all
95 randomized patients (Supplementary Table 1).
Baseline triglyceride levels were significantly
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552
.020*
.830
.840
.676
.702

95)

Total
(n=
91.50 (84 — 110)
5.90 (5.40 — 6.30)
147 (107 — 209)
156.50 (144 — 183)
47 (42 - 50)
83 (71 -101)
0.54 (0.44 — 0.64)

48)

Melatonin
(n=
93 (84.50 — 118.50)
5.90 (5.40 — 6.50)
167 (117.50 — 242)
153.50 (142 — 184.50)
46 (41.50 — 50)
82 (66.50 — 96)
0.55(0.44 - 0.64)

47)

Placebo
(n=
90 (84 — 101)
5.90 (5.30 — 6.30)
140 (85 — 186)
157.50 (147 — 181)
47 (42 - 50)
84.50 (72 - 103)

Variables

Total cholesterol (mg/dL) (median (Q1 —Q3))

Supplementary Table 1. Continued
FBS (mg/dL) (median (Q1 -Q3))
HbA1c (%) (median (Q1 -Q3))
Triglyceride (mg/dL) (median (Q1 —Q3))
HDL (mg/dL) (median (Q1 —Q3))
LDL (mg/dL) (median (Q1 —Q3))
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higher in the melatonin group in both ITT and
mlITT analyses. The use of lipid-lowering agents
was higher in the melatonin group in both
analyses; however, the difference reached statistical
significance only in the ITT analysis (P = .025) and
not in the mITT analysis (P = .227), indicating that
the significant imbalance in the ITT analysis was
related to the excluded patients. Apart from these
lipid-related differences, baseline comparability
was maintained, and the risk of attrition bias was
considered minimal.

Table 2 presents the results of the assessment
and comparison of blood pressure levels, laboratory
parameters indicative of kidney function, and
glycemic and lipid profiles between the melatonin
and placebo groups at baseline and three months
after intervention. According to the results, only
the median and interquartile range of serum
triglyceride levels at the beginning of the study
differed between the two study groups (P = .006),
with a higher median value in the melatonin group
compared to the placebo group (median = 174
vs. 136.5 mg/dL). For the other parameters, no
statistically significant differences were observed
in the parameters distribution between the two
study groups at baseline and after three months
of intervention (P > .05) (Table 2).

Table 3 presents the results of the assessment of
changes in clinical parameters and the differences
observed in each parameter three months post-
intervention compared to the baseline between
the melatonin and placebo groups.

Regarding systolic blood pressure, although the
mean systolic BP decreased in the melatonin group
about 1.31 mmHg after three months (-1.31 + 7.10
vs. 0.30 + 9.73 mmHg in the placebo group), this
change was not statistically significant, and the
difference observed after three months between
the two groups was also not statistically significant
(P = .386). Similarly, changes in diastolic blood
pressure were not statistically significant in either
group (P > .05).

Regarding kidney function, no statistically
significant changes were observed in any of the
factors such as serum creatinine, BUN, and uric
acid between the two groups (P > .05).

Concerning glycemic indices, median FBS
decreased significantly in the melatonin group
(median = -6.5 mg/dL, IQR =-16, 3, P = .003),
compared to the placebo group, which had no

0.52 (0.42 — 0.64)

Data presented as mean + standard deviation or median and interquartile range (Q1-Q3) or frequency and percentage.

*Statistically significant, P-value < 0.05

HDL/LDL ratio (median (Q1 —Q3))
mTOR:mammalian target of rapamycin ; ACEi: angiotensin converting enzyme inhibitor; ARB: angiotensin receptor blockers. FBS: Fasting Blood Sugar; BUN: blood urea nitrogen; TG: triglyceride;

For continuous variables, p-values were estimated using Student’s t-test for normally distributed data and the Mann-Whitney U test for non-normally distributed data.
LDL: low density lipoprotein; HDL: high density lipoprotein.

For categorical variables, the Chi-square or Fisher’s exact test was used as appropriate.
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Table 2. Comparison of blood pressure levels, renal performance, glycemic and lipid profiles of patients between intervention groups

before and after a three-month intervention based on the modified intention-to-treat (mITT) approach

Placebo Melatonin

Total

Factors (n = 42, 50%) (n = 42, 50%) (n = 84, 100%) P
Blood pressure levels (mean + standard deviation)
SBP (mmHg, before) 123.09 + 15.85 125.76 + 13.03 124.42 £ 14.49 402
SBP (mmHg, after) 123.40 £ 12.07 124.45 + 10.00 123.92 + 11.03 .666
DBP (mmHg, before) 78.88 + 8.12 80.83 + 8.90 79.85 + 8.53 .297
DBP (mmHg, after) 79.57 £6.92 80.85 £+ 6.30 80.21 £ 6.61 .376
Renal function factors (median (Q1 -Q3))
Serum creatinine (mg/dL, before) 1.16 (1.04 - 1.45) 1.20 (1.08 - 1.47) 1.19 (1.04 - 1.46) .825
Serum creatinine (mg/dL, after) 1.26 (1.06 - 1.5) 1.28 (1.1 - 1.46) 1.27 (1.08 - 1.46) .867
BUN (mg/dL, before) 16.35 (12.61 - 22.42) 16.35 (14.01 - 20.56) 16.35(14.01-21.49) .680
BUN (mg/dL, after) 16.28 (12.14 - 21.49) 15.88 (13.08 - 19.62) 16.54 (13.08 - 20.78)  .604
Uric acid (mg/dL, before) 54 (4.4-6.3) 5(4.4-6.1) 5.2 (4.4 -6.15) 597
Uric acid (mg/dL, after) 4.95 (4.3 -6) 4.8 (4-5.8) 4.9 (4.2 -5.95) .603
Glycemic profile (median (Q1 -Q3))
FBS (mg/dL, before) 91 (83 -101) 95.5 (85 - 122) 94 (84.5 - 113) 210
FBS (mg/dL, after) 92 (86 - 103) 94.5 (86- 109) 93 (86 - 107.5) .860
HbA1c (%, before) 5.9 (5.3-6.3) 5.9 (5.4 -6.5) 5.9(5.4-6.3) 482
HbA1c (%, after) 5.95 (5.3 - 6.4) 5.7 (5.1-6.3) 5.8 (5.1 -6.35) 221
Lipid profile (median (Q1 -Q3))
TG (mg/dL, before) 136.5 (85 - 186) 174 (128 - 246) 147 (102.5 - 210) .006*
TG (mg/dL, after) 158.5 (109 - 212) 167 (124 - 221) 162 (120.5 - 215) 418
Total cholesterol (mg/dL, before) 156.5 (144 - 180) 152.5 (141 - 183) 156 (142.5-181.5) .828
Total cholesterol (mg/dL, after) 156 (139 - 172) 156 (134 - 177) 156 (135 - 174.5) .815
LDL (mg/dL, before) 83 (71-101) 81 (65 - 96) 82 (66.5 - 98) .632
LDL (mg/dL, after) 80 (69 - 96) 79 (64 - 97) 80 (64 - 96.5) 913
HDL (mg/dL, before) 47 (42 - 50) 45.5 (40 - 49) 46.5 (41 - 49.5) 516
HDL (mg/dL, after) 46.5 (41 - 49) 44 (41 - 49) 45.5 (41 - 49) .644
HDL / LDL ratio (before) 0.54 (0.44 - 0.65) 0.55 (0.44- 0.67) 0.55 (0.44 - 0.66) 913
HDL / LDL ratio (after) 0.57 (0.46 - 0.65) 0.57 (0.47 - 0.68) 0.57 (0.46 - 0.67) .838

Data presented as mean + standard deviation or median and interquartile ra
*Statistically significant, P-value < .05

For continuous variables, p-values were estimated using Student’s t-test for
normally distributed data.

nge (Q1-Q3), frequency and percentage

normally distributed data and the Mann-Whitney U test for non-

SBP: systolic blood pressure; DBP: Diastolic blood pressure; FBS: Fasting Blood Sugar; BUN: blood urea nitrogen; TG: triglyceride; LDL: low

density lipoprotein; HDL: high density lipoprotein.

significant change (median = 3 mg/dL, IQR = -4,
9, P = .150). Furthermore, the change in median
FBS after three months of intervention between the
two groups was statistically significant (P < .001).
Similar results were observed for HbAlc, where the
placebo group experienced a significant increase in
median levels after three months of intervention
(P = .016), while the melatonin group experienced
a significant decrease (P < .001). Specifically, in the
placebo group, the median HbAlc level increased
by 0.1% (IQR = -0.1, 0.2), whereas in the melatonin
group, the median decreased by 0.25% (IQR = -0.4,
-0.1). Additionally, the difference in median HbAlc
after three months of intervention between the
two groups was statistically significant (P < .001).

After assessing changes in the lipid profile of
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the patients, a statistically significant change was
observed only in triglyceride levels in the placebo
group (P < .001). Although the median triglyceride
level in the melatonin group was higher than
that in the placebo group at baseline, the placebo
group showed an increase, while the melatonin
group showed decrease. Specifically, at the end of
the study, the median triglyceride level increased
by 13.5 mg/dL in the placebo group, while it
decreased by 16 mg/dL in the melatonin group.
The difference in median triglycerides after three
months of intervention between the two groups was
statistically significant (P = .001). Changes in other
lipid profile parameters, such as total cholesterol,
LDL, and HDL, were not statistically significant
between the two study groups (P > .05) (Table 3).
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Table 3. Changes in clinical and laboratory parameters of patients after three-month intervention compared to before and its comparison
between groups based on the modified intention-to-treat (mITT) approach

9_5% Within Between Corrected
. Confidence group between
Factors Groups Difference Interval for (paired) group group
(After — before) . . comparison :
differences comparison P.yalue2 Comparison
(95%Cl) P-value' P-value®
SBP (mmHg) (mean + standard deviation) Placebo 0.30 £9.73 -2.72,3.34 .837 .386 318
Melatonin  -1.31+7.10 -3.52, 0.90 .239
DBP (mmHg) (mean + standard deviation) Placebo 0.69 +7.31 -1.58, 2.97 544 .668 .556
Melatonin  0.02 + 6.86 -2.11,2.16 .982
Creatinine (mg/dL) (median (Q1 —Q3)) Placebo 0.02 (-0.04, 0.08)  -0.02, 0.04 .303 447 372
Melatonin -0.005 (-0.1, 0.05) -0.04, 0.03 918
BUN (mg/dL) (median (Q1 —-Q3)) Placebo -0.43 (-3.27,1.80)  -2.19,1.22 517 .829 793
Melatonin  -0.41 (-3.87,1.87)  -2.71, 0.93 .322
Uric acid (mg/dL) (median (Q1 —-Q3)) Placebo -0.1(-0.7, 0.5) -0.3,0.2 .328 .609 507
Melatonin ~ -0.1 (-1.0, 0.2) -0.55, 0.1 152
FBS (mg/dL) (median (Q1 —-Q3)) Placebo 3(-4,9) -1.85,5 .150 <.001* .002*
Melatonin ~ -6.5 (-16, 3) -13.85, -3.14 .003*
HbA1c (%) (median (Q1 —-Q3)) Placebo 0.1 (-0.1, 0.2) 0,0.2 .016* <.001* .002*
Melatonin  -0.25 (-0.4, -0.1) -0.3,-0.2 <.001*
Triglyceride (mg/dL) (median (Q1 —Q3)) Placebo 13.5 (5, 33) 9, 29 <.001* .001* .002*¢
Melatonin -16 (-33, 24) -24.85, 6.28 .285
Cholesterol (mg/dL) (median (Q1 —Q3)) Placebo -0.5 (-14, 11) -8.85, 8 529 531 442
Melatonin -5 (-17, 6) -11.85, 1 162
LDL (mg/dL) (median (Q1 -Q3)) Placebo -3 (-10, 7) -6, 2.85 .309 .952 793
Melatonin ~ -3.5 (-10, 6) -7.71, 3.85 .366
HDL (mg/dL) (median (Q1 —Q3)) Placebo -1(-4,2) -2,1 .255 .739 615
Melatonin -1 (-4, 3) 2,2 .540
HDL/LDL ratio (median (Q1 —Q3)) Placebo 0.01(-0.07,0.09)  -0.01, 0.06 .603 .876 .730
Melatonin ~ 0.01 (-0.05, 0.08)  -0.03, 0.06 .358

Values described as mean + standard deviation or median and interquartile range (Q1, Q3)

"Comparison of before intervention value with after intervention value (paired comparison) based on paired t-test or Wilcoxon signed-rank test
2Comparison of difference values between two groups of intervention, based on student’s t-test or Mann-Whitney U test

3The between group comparison p-values were adjusted for multiplicity using Benjamini-Hochberg correction method

*Statistically significant, P-value < .05

SBP: systolic blood pressure; DBP: Diastolic blood pressure; BUN: blood urea nitrogen; LDL: low density lipoprotein; HDL: high density

lipoprotein.

Table 4 reports the effect of melatonin compared
to placebo for each outcome, with adjustments
made for baseline measurements and probable
confounders (Table 4). Statistical models for
each outcome demonstrated a beneficial effect of
melatonin compared with placebo after adjusting
for probable confounders. The majority of statistical
models indicate a protective effect of melatonin
compared with placebo, even in cases where the
effect size did not reach statistical significance.
In models 1 and 2, melatonin supplementation
resulted in statistically significant reductions in
both HbAlc and triglyceride levels when compared
to the placebo group. Specifically, in model 2, the
mean HbAlc was 0.30% lower in the melatonin
group relative to placebo (£ = -0.30, 95%CI = -0.59,
-0.01). Similarly, triglyceride levels decreased by

an average of 23.77 mg/dl in the melatonin group
compared to placebo (£ =-23.77, 95%CI = -45.50,
-2.04). While fasting blood sugar (FBS) levels also
exhibited a decrease in the melatonin group, this
effect was not statistically significant (3 = -2.61,
95%CI = -17.93, 12.71, P = .283).

This study aimed to assess the effects of
melatonin supplementation on glycemic control and
other metabolic parameters in kidney transplant
recipients, who are at increased risk for metabolic
complications due to immunosuppressive therapy
and post-transplant lifestyle changes. Our findings
showed that melatonin was associated with a
significant reduction in glycated hemoglobin
(HbA1c) as shown a favorable effect on triglyceride
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Table 4. Adjusted effects of the intervention on study outcomes, controlling for baseline measurements using linear regression models

and modified intention-to-treat (mITT) approach

Model 1

Model 2

Factors Groups B (95%Cl) P R (95%Cl) P

SBP (mmHg) Placebo Reference .674 Reference 274
Melatonin -0.60 (-3.45, 2.24) -1.73 (-4.87, 1.40)

DBP (mmHg) Placebo Reference .739 Reference 919
Melatonin 0.39 (-1.96, 2.75) 0.13 (-2.53, 2.81)

FBS (mg/dL) Placebo Reference .290 Reference .283
Melatonin -2.12 (-16.16, 11.90) -2.61(-17.93, 12.71)

HbA1c (%) Placebo Reference .001* Reference .001*
Melatonin -0.28 (-0.54, -0.02) -0.30 (-0.59, -0.01)

Cholesterol (mg/dL) Placebo Reference 917 Reference .672
Melatonin -0.55 (-10.05, 8.94) -3.08 (-13.95, 7.78)

Triglyceride (mg/dL) Placebo Reference .011* Reference .032*
Melatonin -25.53 (-45.05, -6.009) -23.77 (-45.50, -2.04)

HDL (mg/dL) Placebo Reference .647 Reference .859
Melatonin 0.26 (-2.23, 2.78) -0.04 (-2.67, 2.58)

LDL (mg/dL) Placebo Reference 913 Reference .683
Melatonin -0.01 (-6.93, 6.90) -2.61(-10.47, 5.24)

Creatinine (mg/dL) Placebo Reference .750 Reference .695
Melatonin -0.03 (-0.08, 0.02) -0.02 (-0.09, 0.04)

BUN (mg/dL) Placebo Reference .815 Reference .785
Melatonin -0.72 (-3.43, 1.98) -0.07 (-3.18, 3.03)

Uric acid (mg/dL) Placebo Reference 794 Reference .907
Melatonin -0.09 (-0.59, 0.39) 0.003 (-0.56, 0.57)

*Statistically significant, P-value < .05

Coefficient (B), 95% Confidence Interval (95%CIl) based on linear regression

Model 1: groups, initial value of each factor

Model 2: groups, initial value of each factor, age, gender, months passed from transplantation, history of pre-diabetes /diabetes, history of
dyslipidemia body mass index, drug history (anti-diabetic oral agents, beta blockers, diuretics, ACE/ARB, lipid-lowering agents)

levels. However, the magnitude of these changes
was modest, and their clinical relevance should be
interpreted cautiously. These findings suggest a
potential short-term adjunctive positive metabolic
effect of melatonin in kidney transplant recipients.

Melatonin administration was associated with
significant improvements in HbAlc compared with
placebo, without a significant effect on fasting blood
glucose. This finding is consistent with previous
evidence suggesting that melatonin may influence
glucose metabolism. Ostad mohammadi et al.
reported similar benefits in patients with type
2 diabetes undergoing hemodialysis, where
melatonin supplementation improved insulin
sensitivity and glycemic control.?’ Furthermore,
a meta-analysis highlighted melatonin’s role in
glucose homeostasis through its antioxidant and
anti-inflammatory properties, suggesting potential
benefits in mitigating chronic inflammation and
oxidative stress in kidney transplant recipients.?!

Although HbAlc decreased significantly in the
melatonin group, its clinical relevance remains
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uncertain. Approved antidiabetic medications
generally reduce HbAlc by approximately 0.5% to
2.5% when used as monotherapy, with larger effects
reported for agents such as glucagon-like peptide-1
receptor agonists and metformin.???* Therefore,
the HbAlc change observed in the present study
should not be considered comparable to the effects
of glucose-lowering medications. Rather, it may
indicate a limited short-term adjunctive metabolic
effect of melatonin that requires confirmation in
larger and longer-term studies.

Furthermore, insulin secretion, insulin resistance,
oxidative stress, and inflammatory markers were
not assessed in the present study. Therefore, the
observed HbAlc change should be interpreted as a
clinical finding rather than evidence of a confirmed
mechanistic effect.

The mechanisms underlying melatonin’s effects
on glycemic control are multifactorial. Melatonin
receptors are expressed in pancreatic f-cells, where
melatonin regulates insulin secretion and protects
against B-cell apoptosis.?* Additionally, melatonin’s
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antioxidant properties may mitigate oxidative stress-
induced insulin resistance, a common complication
in kidney transplant recipients due to long-term
use of calcineurin inhibitors such as tacrolimus and
cyclosporine.?? Our findings highlight melatonin’s
potential as an adjunctive therapy for improving
glycemic outcomes in this population. However,
further research is required to fully understand
the specific molecular pathways involved.

In addition to its effects on glycemic control,
slightly reduced serum triglyceride levels were
observed in melatonin group. While baseline
triglyceride levels were higher in the melatonin
group, the intervention resulted in a median
decrease of 16 mg/dL, whereas the placebo group
experienced an increase. The triglyceride reduction
was modest and should be interpreted cautiously.
This finding is consistent with a previous study
in which melatonin supplementation reduced
triglyceride levels in patients with metabolic
syndrome, potentially through modulation of
lipoprotein lipase activity and inhibition of hepatic
triglyceride synthesis.?

Dyslipidemia is a prevalent comorbidity in
kidney transplant recipients, often exacerbated
by immunosuppressive medications such as
corticosteroids and mTOR inhibitors.? Elevated
triglyceride levels are associated with an increased
risk of cardiovascular disease, which remains a
leading cause of mortality in this population.?’
In the present study, melatonin was associated
with a modest reduction in triglyceride levels;
however, the clinical significance of this change
remains uncertain, particularly given the baseline
difference in triglyceride levels between groups.
Therefore, these findings should be interpreted
as preliminary rather than evidence supporting
melatonin as a lipid-lowering intervention or a
strategy to reduce cardiovascular risk in kidney
transplant recipients.

No significant differences were observed
between the melatonin and placebo groups in
kidney function parameters, including serum
creatinine and BUN, or in blood pressure levels.
These findings suggest that melatonin was not
associated with detectable short-term adverse
effects on renal function or hemodynamic stability
in this study. This observation is consistent with
previous reports describing melatonin as generally
well tolerated, including in patients with CKD.?

However, given the limited sample size and short
duration of follow-up, these findings should be
interpreted as preliminary, and larger studies with
longer follow-up and systematic safety monitoring
are needed to better establish its safety profile in
kidney transplant recipients.

Despite the promising results, several limitations
should be acknowledged. First, the relatively
short duration of the intervention (three months)
may not fully capture the long-term effects of
melatonin on metabolic parameters. Future studies
with extended follow-up periods are warranted
to assess sustained benefits and potential risks.
Second, the sample size, although adequately
powered for the primary outcome, may limit
the generalizability of the findings to broader
populations. Due to the lack of similar studies
in kidney transplant patients, the closest patient
population from other studies was considered for
sample size calculation. The analysis was conducted
on a mITT population, including only patients
who had at least one post-baseline assessment.
Although the number of excluded patients was
small and balanced between groups, this may limit
the generalizability of the results to all randomized
participants. Consequently, the primary estimand
reflects the treatment effect among patients who
could receive (efficacy) and be followed for the
intervention, rather than a population-level or
policy-level effect (effectiveness).

Additionally, the study population consisted
exclusively of kidney transplant recipients, and
caution should be applied when extrapolating these
results to other patient groups. For example, these
results are not generalizable to diabetic kidney
transplant recipients who used insulin, as this
group was excluded from our study based on the
exclusion criteria.

Future research should confirm these findings in
larger, longer-term trials with careful adjustment
for baseline metabolic risk, assessment of optimal
dosing and administration timing, evaluation of
potential interactions with immunosuppressive
medications, Record lifestyle-related data and
systematic safety monitoring. Such studies are
needed to determine whether the modest short-
term improvements observed in glycemic indices
and triglyceride levels translate into clinically
meaningful benefits for kidney transplant
recipients.
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In conclusion, our findings indicate that
melatonin supplementation is associated with
modest improvements in glycemic control and
a reduction in triglyceride levels among kidney
transplant recipients, all while maintaining renal
function and safety. These findings underscore
melatonin’s potential as an innovative therapeutic
agent to mitigate metabolic disturbances in this
vulnerable population. By incorporating melatonin
into post-transplant care protocols, may help
improve metabolic outcomes and alleviate the
burden of metabolic complications in kidney
transplant recipients.

This study was supported via the Labbafinejad
hospital, Shahid Beheshti University of Medical
Sciences, Iran.
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