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RESUMO

Introducédo: Os peptideos derivados das mitocondrias, incluindo a humanina e o peptideo codificado pelo
quadro aberto de leitura mitocondrial do RNA ribossémico 12S tipo ¢ (MOTS-c), participam da resposta ao
estresse celular e da regulacdo metabdlica. Objetivo: Comparar as concentragdes séricas de humanina e
MOTS-c, hemoglobina glicada, glicemia de jejum, insulina e resisténcia a insulina entre homens saudaveis e
homens com diabetes mellitus tipo 2, aterosclerose ou hipertensdo. Métodos: Este estudo transversal
incluiu 88 homens de 40-60 anos, recrutados entre dezembro de 2024 e outubro de 2025 e distribuidos em
quatro grupos (n = 22 por grupo). A hemoglobina glicada foi medida em sangue total; glicose, insulina,
humanina e MOTS-c foram determinadas no soro. A resisténcia a insulina foi estimada pelo indice HOMA-
IR. As comparagbes foram realizadas por andlise de variancia de uma via seguida do teste post hoc da
diferenga minima significativa. Resultados: A humanina ndo diferiu entre os grupos (P > 0,05). O MOTS-c
foi significativamente menor nos trés grupos de pacientes do que no controle (P < 0,001). A hemoglobina
glicada, a glicemia de jejum e o HOMA-IR foram mais elevados no grupo com diabetes tipo 2; as
concentragdes de insulina também diferiram significativamente entre os grupos. Discussao: A reducdo do
MOTS-c pode estar associada a alteragbes da homeostase mitocondrial e metabdlica, enquanto a
humanina circulante nao diferenciou os grupos. Conclusdes: Baixas concentragbes de MOTS-c estiveram
associadas a diabetes tipo 2, aterosclerose e hipertenséo; entretanto, o desenho transversal, a amostra
limitada e as andlises nao ajustadas impedem inferéncias causais e generalizagées amplas.

Palavras-chave: humanina;, MOTS-c; peptideos derivados das mitocéndrias; resisténcia a insulina;

hemoglobina glicada

ABSTRACT

Background: Mitochondrial-derived peptides, including humanin and mitochondrial open reading frame of
the 128 ribosomal RNA type-c (MOTS-c), are bioactive microproteins involved in cellular stress responses
and metabolic regulation. Aim: To compare serum humanin and MOTS-c, glycated hemoglobin, fasting
blood glucose, insulin, and insulin resistance among healthy men and men with type 2 diabetes mellitus,
atherosclerosis, or hypertension. Methods: This cross-sectional study included 88 men aged 40—60 years
who were recruited between December 2024 and October 2025 and assigned to four groups (n = 22 each).
Glycated hemoglobin was measured in whole blood; glucose, insulin, humanin, and MOTS-c were measured
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in serum. Insulin resistance was estimated using the homeostatic model assessment of insulin resistance
(HOMA-IR). Group differences were evaluated using one-way analysis of variance followed by the least
significant difference post hoc test. Results: Humanin did not differ among groups [F(3, 84) = 1.013, P =
0.391]. MOTS-c was markedly lower in all patient groups than in controls [F(3, 84) = 113.339, P < 0.001].
Glycated hemoglobin, fasting glucose, and HOMA-IR were highest in the type 2 diabetes group, and insulin
concentrations differed significantly among groups. Discussion: Reduced circulating MOTS-c may reflect
altered mitochondrial and metabolic homeostasis, whereas circulating humanin did not discriminate among
the groups. Conclusions: Lower MOTS-c concentrations were associated with type 2 diabetes,
atherosclerosis, and hypertension. Because recruitment was site-based and the analyses were unadjusted,
the findings are exploratory and do not establish causality.

Keywords: mitochondrial-derived peptides; humanin; MOTS-c; insulin resistance; glycated hemoglobin
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1. INTRODUCTION: within  MT-RNR1 and can modulate cellular
metabolism through pathways that include
AMP-activated protein kinase; experimental

Mitochondria coordinate cellular . inks | . | K
bioenergetics, redox balance, apoptosis, and ?V'd‘?”ce Inks it to improved glucose uptake,
stress sig’naling Beyoﬁd aden’osine insulin sensitivity, and energy homeostasis (Lee

triphosphate  production, mitochondrial DNA 262%’5’ 2015; Kim et al, 2019; Mery et al,
encodes small biologically active peptides that :

participate in inter-organelle and systemic Type 2 diabetes mellitus is characterized
signaling (Saminathan et al, 2022; Clemente- by insulin resistance, compensatory
Suérez et al, 2023). These mitochondrial- hyperinsulinemia, and progressive B-cell
derived peptides include humanin, dysfunction  (Schleicher et al, 2022).
mitochondrial open reading frame of the 12S Mitochondrial-derived peptides have been
ribosomal RNA type-c (MOTS-c), small implicated in pancreatic B-cell survival and
humanin-like peptides 1-6, SHMOOSE, and metabolic regulation (Hoang et al, 2010). In
Gau (Saghatelian and Couso, 2015; Kumagai et vascular disease, humanin may protect
al., 2023). endothelial cells from oxidized low-density
lipoprotein-related injury, whereas MOTS-c has
been associated with metabolic and vascular
homeostasis (Evangeline and lyer, 2021; Zhu et
al., 2017; Li et al., 2019). Clinical studies have
reported altered circulating humanin or MOTS-c
in diabetes and coronary artery disease, but
findings are not uniform across populations and
clinical phenotypes. Hypertension frequently
coexists  with  dysglycemia and insulin

Humanin is encoded within the
mitochondrial MT-RNR2 region and was
originally identified through its neuroprotective
activity (Hashimoto et al, 2001). It has
antiapoptotic, cytoprotective, and metabolic
effects, although circulating concentrations may
vary with age, tissue activity, and disease state
(Salemi et al, 2020; Zuccato et al., 2019;
Coradduzza et al., 2023). MOTS-c is encoded
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resistance, and elevated fasting glucose has
been associated with a subsequent risk of
hypertension, particularly in men (Ahn et al.,
2021). Because mitochondrial stress signaling
contributes to metabolic and vascular
homeostasis, altered circulating mitochondrial-
derived peptides may also accompany
hypertensive  cardiometabolic  phenotypes,
although direct clinical evidence remains limited
(Savvopoulos et al., 2024).

Direct comparisons of both humanin and
MOTS-c across type 2 diabetes,
atherosclerosis, and hypertension using the
same sampling and assay framework remain
limited, particularly in Iragi men. We
hypothesized that circulating mitochondrial-
derived peptides would differ between healthy
controls and the three patient groups and would
parallel disturbances in glycemic control and
insulin resistance.

1.1. Aim

The objective of this study was to
compare serum humanin and MOTS-c
concentrations, glycated hemoglobin, fasting
blood glucose, insulin, and homeostatic model
assessment of insulin resistance (HOMA-IR)
among healthy men and men with type 2

diabetes mellitus, atherosclerosis, or
hypertension
2. MATERIALS AND METHODS:
2.1. Study Population
This  cross-sectional  study  was

conducted at the Center for Diabetes and
Endocrinology, the Maysan Center for Cardiac
Diseases and Surgery, Al-Taif Laboratory, and
selected private clinics in Maysan, Iraq, from
December 2024 to October 2025. Eligibility was
restricted to men aged 40-60 years who
belonged to one of four predefined clinical
categories and provided written informed
consent. The final analyzed sample comprised
88 participants: healthy controls (group A), type
2 diabetes mellitus (group B), atherosclerosis
(group C), and hypertension (group D), with 22
participants in each group. All 88 enrolled
participants were included in the reported
analyses. No formal a priori power calculation
was performed; the sample size reflected
recruitment feasibility during the prespecified
period, and the study should therefore be

regarded as exploratory.

Patient-group diagnoses were
established by specialist physicians using
medical history, clinical findings, and available
medical records at the participating centers.
Medication histories were recorded descriptively
but were not used for stratification or covariate
adjustment. Standardized eligibility, fasting
blood collection, and laboratory processing
procedures were applied to reduce
measurement variability; however, the site-
based non-random recruitment strategy may
have introduced selection bias.

2.2. Blood Samples

Six milliliters of venous blood were
collected from each participant after an 8-hour
fast between 09:00 and 11:00. Two milliliters
were placed in an ethylenediaminetetraacetic
acid tube for glycated hemoglobin determination
using the Huma Meter A1C reagent system
(Human, Germany) according to Nathan et al.
(2008). The remaining 4 mL were placed in a
gel tube, allowed to clot for 15 minutes, and
centrifuged at 3,000 rpm for 5 minutes. Serum
glucose was measured using a BioSystems A15
automated spectrophotometer (Spain)
according to standard clinical chemistry
procedures. Residual serum was stored at —-20
°C until analysis. Humanin and MOTS-c were
measured using immunoassay kits supplied by
MyBioSource (USA) and the ELISYS Uno
system (Human, Germany), respectively. Insulin
was measured using the AFIAS automated
immunoassay system. HOMA-IR was calculated
as fasting insulin (uU/mL) x fasting glucose
(mg/dL) / 405 (Matthews et al., 1985).

2.3. Outcomes and Statistical Analysis

The primary biochemical outcomes were
serum humanin and MOTS-c concentrations.
Secondary outcomes were glycated
hemoglobin, fasting glucose, insulin, and
HOMA-IR. Quantitative variables were analyzed
as continuous measures. Group differences
were evaluated using one-way analysis of
variance followed by the Ileast significant
difference post hoc test. Normality and
homogeneity of variance were not formally
assessed using the Shapiro-Wilk and Levene
tests because archived participant-level
diagnostic outputs were unavailable. Results
are presented as mean =+ standard error
together with  95% confidence intervals.
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Omnibus effects are reported as F(3, 84), P
values, and eta-squared (n?). All analyses were
unadjusted because complete participant-level
covariate data were not available for
multivariable modeling; no subgroup or
sensitivity analyses were performed. Statistical
significance was defined as two-sided P < 0.05.

3. RESULTS AND DISCUSSION:
3.1. Results

Serum humanin concentrations did not differ
significantly among the control [3.66 * 0.55
pg/mL; 95% confidence interval (Cl), 2.52—
4.80], type 2 diabetes [2.88 + 0.66 pg/mL; 95%
Cl, 1.51-4.25], atherosclerosis [2.83 + 0.14
pg/mL; 95% CI, 2.54-3.12], and hypertension
groups [2.66 * 0.12 pg/mL; 95% ClI, 2.41-2.91;
F(3, 84) = 1.013, P = 0.391, n2 = 0.035] (Figure
1; Table 1).

Serum MOTS-c concentrations were lower
in the type 2 diabetes [17.77 £ 1.53 pg/mL; 95%
Cl, 14.59-20.95], atherosclerosis [19.78 + 3.07
pg/mL; 95% CI, 13.40-26.16], and hypertension
groups [18.27 = 2.29 pg/mL; 95% CI, 13.51—
23.03] than in the control group [99.27 * 6.36
pg/mL; 95% CI, 86.04-112.50; F(3, 84) =
113.339, P < 0.001, n2 = 0.802]. The three
patient groups did not differ significantly from
one another (Figure 2; Table 1).

Glycated hemoglobin was highest in the
type 2 diabetes group [9.21 £ 0.46%; 95% Cl,
8.25-10.17] and exceeded the values in the
atherosclerosis [5.58 = 0.07%; 95% CI, 5.43—
5.73], hypertension [5.55 = 0.06%; 95% ClI,
5.43-5.67], and control groups [5.48 + 0.07%;
95% ClI, 5.33-5.63; F(3, 84) = 58.676, P <
0.001, n2 = 0.677]. No significant differences
were observed among the latter three groups
(Figure 3; Table 1).

Fasting glucose differed significantly among
groups [F(3, 84) = 25.989, P < 0.001, n2 =
0.481]. The type 2 diabetes group had the
highest concentration [210.09 £ 16.92 mg/dL;
95% Cl, 174.90-245.28], followed by the
hypertension [134.23 + 14.54 mg/dL; 95% ClI,
103.99-164.47], atherosclerosis [94.23 + 2.72
mg/dL; 95% CIl, 88.57-99.89], and control
groups [81.50 + 3.36 mg/dL; 95% ClI, 74.51—
88.49]. Post hoc comparisons are summarized
by the letter annotations in Figure 4.

Serum insulin  concentrations  differed
significantly among groups [F(3, 84) = 4.965, P
= 0.003, n? = 0.151]. Mean concentrations were

9.24 + 0.97 pU/mL (95% CI, 7.22—-11.26) in
controls, 23.00 + 4.26 pU/mL (95% ClI, 14.14—
31.86) in type 2 diabetes, 17.55 + 2.12 pU/mL
(95% CI, 13.14-21.96) in atherosclerosis, and
19.78 + 2.06 pU/mL (95% CI, 15.50—24.06) in
hypertension. The post hoc pattern is shown in
Figure 5.

HOMA-IR differed significantly among
groups [F(3, 84) = 10.203, P < 0.001, n2 =
0.267]. Values were highest in type 2 diabetes
[8.05 £ 1.31; 95% ClI, 5.33-10.77], followed by
hypertension [5.40 + 0.70; 95% ClI, 3.94-6.86],
atherosclerosis [4.16 + 0.58; 95% ClI, 2.95—
5.37], and controls [1.86 + 0.19; 95% CI, 1.46—
2.26]. The pairwise comparison pattern is
presented in Figure 6.

3.2. Discussion

The principal findings were a marked
reduction in circulating MOTS-c across the
three patient groups, no statistically significant
group difference in humanin, and the greatest
glycemic dysregulation and insulin resistance in
men with type 2 diabetes. Because this was a
cross-sectional, unadjusted comparison, these
findings indicate associations rather than causal
or predictive relationships.

The absence of a significant difference
in humanin is consistent with the report by
Conte et al. (2021), but contrasts with studies
that observed lower circulating humanin in
impaired  fasting glucose or diabetes
(Ramanjaneya et al, 2019; Voigt and Jelinek,
2016). Exercise status, age, disease severity,
assay characteristics, and tissue-specific
activity may contribute to this heterogeneity.
Humanin concentrations can vary with age and
growth hormone/insulin-like growth factor-1
signaling, and circulating levels may not fully
represent biological activity within target tissues
(Gong et al., 2014; Lee et al., 2014; Boutari et
al., 2022). Evidence that resistance training can
increase skeletal-muscle humanin levels in men
with impaired glucose metabolism further
supports exercise status as a potential source
of between-study variation (Gidlund et al.,
2016).

Humanin has also been linked to
vascular and oxidative-stress phenotypes.
Lower circulating humanin has been associated
with coronary endothelial dysfunction (Widmer
et al, 2013), whereas experimental
ischemia/reperfusion studies have
demonstrated changes in endogenous humanin
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after injury (Thummasorn et al, 2016).
Increased tissue expression has been reported
in mitochondrial disorders characterized by
substantial oxidative stress (Kariya et al., 2005).
These context-dependent observations support

cautious interpretation of a single serum
measurement.
MOTS-c concentrations were

substantially lower in men with type 2 diabetes,
atherosclerosis, or hypertension than in
controls. This pattern may reflect impaired
mitochondrial stress signaling or reduced
compensatory metabolic responses rather than
a disease-specific effect. Reviews of diabetes-
related evidence similarly describe reduced
circulating MOTS-c in metabolic dysfunction,
although stage of disease, obesity, and
treatment may influence the measured
concentration (Fang et al., 2025).

The type 2 diabetes finding agrees with
Ramanjaneya et al. (2019), who reported lower
circulating MOTS-c in diabetes, and with
lkonomidis et al. (2020), who linked low MOTS-
c to adverse -cardiovascular phenotypes in
patients with type 2 diabetes and coronary
artery disease. The much larger difference
between controls and all patient groups in the
present study produced a large omnibus effect
size; nevertheless, replication with independent
cohorts and assay validation is required.

In coronary artery disease, lower MOTS-
¢ has been associated with lesion severity and
complexity (Yasar et al, 2022). Experimental
studies also suggest that MOTS-c participates
in mitochondrial dynamics, antioxidant defense,
and exercise-related metabolic adaptation (Li et
al., 2019; Tang et al., 2023; Yang et al., 2021,
Woodhead and Merry, 2021). Reduced
expression in chronic metabolic stress has also
been described (Liu et al., 2019). These studies
provide biologic plausibility, but they do not
demonstrate that reduced MOTS-c caused the
abnormalities observed in the present
participants.

As expected, glycated hemoglobin,
fasting glucose, and HOMA-IR were most
markedly altered in the type 2 diabetes group.
Recent evidence  supports  bidirectional
crosstalk between impaired mitochondrial
quality control and insulin resistance, whereby
mitochondrial dysfunction may worsen insulin
signaling, while hyperglycemia and other
metabolic stressors can further compromise
mitochondrial function (Chen et al, 2025).
Nevertheless, the cross-sectional design of the

present study precludes causal or directional
inference. Accordingly, the lower MOTS-c
concentrations observed alongside poorer
glycemic indices should be interpreted as a
group-level descriptive association rather than
evidence of causality.

Previous experimental and clinical
reports have linked mitochondrial-derived
peptides to glucose homeostasis. Humanin-
related peptides have altered metabolic profiles
in obesity models (Mehta et al, 2019), and
combined humanin, MOTS-c, and SHLP2
treatment improved glucose homeostasis in
diabetic mice (Paul et al., 2026). Reviews and
clinical studies have reported inverse
associations of MOTS-c with fasting insulin,

glycated hemoglobin, or insulin resistance,
although findings are not uniform across
comorbidity patterns (Miller et al, 2020;

Ramanjaneya et al., 2019; Savvopoulos et al.,
2024).

The higher fasting glucose observed in
the hypertension group is compatible with
epidemiologic evidence linking dysglycemia to
later hypertension risk, particularly in men (Ahn
et al., 2021). However, the current groups were
not matched or adjusted for medication use,
disease duration, adiposity, smoking, diet, or
physical activity, and these factors could explain
part of the between-group differences.

Insulin resistance is also relevant to
atherosclerotic risk. In a prospective cohort of
929 adults, elevated insulin-resistance-related
indices were associated with incident carotid
plagues, including among individuals with
comparatively favorable lipid or cardiovascular
risk profiles (Liu et al., 2026). This supports the
clinical importance of insulin resistance, but it
does not directly validate HOMA-IR or MOTS-c
as diagnostic markers in the present sample.

Clinically, MOTS-c may merit further
study as a complementary biomarker of
cardiometabolic dysfunction, but the substantial
between-study  variability, limited assay
standardization, and overlap among disease
mechanisms preclude immediate diagnostic
use. Future work should include women, wider
age ranges, larger multicenter samples, detailed
medication and lifestyle data, validated assay
performance, and longitudinal follow-up to
determine temporal relationships and clinical
utility.
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4. CONCLUSIONS

In this exploratory cross-sectional study,
circulating MOTS-c was markedly lower in men
with type 2 diabetes mellitus, atherosclerosis, or
hypertension than in healthy controls, whereas
humanin did not differ significantly among
groups. Glycated hemoglobin, fasting glucose,
and HOMA-IR were most abnormal in type 2
diabetes. These findings support an association
between reduced MOTS-c and cardiometabolic
dysfunction but do not establish causality or
diagnostic performance. Larger longitudinal and
multicenter studies that include women, broader
age groups, assay validation, and adjustment
for medication and lifestyle factors are needed.

5. DECLARATIONS
5.1. Study Limitations

The sample comprised only men aged
40-60 years from a single geographical area,
which limits external validity. The modest
sample size (22 participants per group) was
based on recruitment feasibility rather than a
formal a priori power calculation and may have
limited detection of smaller effects, particularly
for humanin. Recruitment was site-based and
non-random; blinding and randomization were
not applicable to group assignment, and
laboratory blinding was not documented.
Medication use, disease duration, adiposity,
smoking, diet, physical activity, and other
potential confounders were not controlled, and
analyses were not adjusted. Formal archived
outputs for distributional assumptions and
sensitivity analyses were unavailable. The
cross-sectional  design  precludes causal
inference, and circulating humanin may not
reflect tissue-level activity. In addition, six
biochemical outcomes were evaluated using
LSD post hoc comparisons without a multiplicity
correction, which may have increased the
family-wise risk of type | error.
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Humanin (pg/mL)
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Study group

Figure 1. Serum humanin concentrations by study group. A, healthy control; B, type 2 diabetes
mellitus; C, atherosclerosis; D, hypertension. Bars represent mean + standard error. Identical
letters indicate no significant difference according to the least significant difference post hoc test (P
> 0.05).
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Figure 2. Serum MOTS-c concentrations by study group. A, healthy control; B, type 2 diabetes
mellitus; C, atherosclerosis; D, hypertension. Bars represent mean #+ standard error. Different
letters indicate significant pairwise differences, whereas identical letters indicate no significant
difference (P < 0.05).
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Figure 3. Glycated hemoglobin by study group. A, healthy control; B, type 2 diabetes mellitus; C,
atherosclerosis; D, hypertension. Bars represent mean * standard error. Different letters indicate
significant pairwise differences (P < 0.05).
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Figure 4. Fasting blood glucose by study group. A, healthy control; B, type 2 diabetes mellitus; C,
atherosclerosis; D, hypertension. Bars represent mean + standard error. Letter annotations
summarize least significant difference post hoc comparisons (P < 0.05).
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Figure 5. Serum insulin concentrations by study group. A, healthy control; B, type 2 diabetes
mellitus; C, atherosclerosis; D, hypertension. Bars represent mean + standard error. Letter
annotations summarize least significant difference post hoc comparisons (P < 0.05).
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Figure 6. Homeostatic model assessment of insulin resistance (HOMA-IR) by study group. A,
healthy control; B, type 2 diabetes mellitus; C, atherosclerosis; D, hypertension. Bars represent
mean * standard error. Letter annotations summarize least significant difference post hoc
comparisons (P < 0.05).

Table 1. One-way analysis of variance results for the six biochemical outcomes.

Parameter ANOVA df F P value n?

Humanin 3, 84 1.013 0.391 0.035
MOTS-c 3, 84 113.339 <0.001 0.802
HbA1c 3, 84 58.676 <0.001 0.677
Glucose 3,84 25.989 <0.001 0.481
Insulin 3,84 4.965 0.003 0.151

HOMA-IR 3, 84 10.203 <0.001 0.267

For each outcome, df = 3, 84. Values are based on one-way analysis of variance; n? denotes eta-squared
effect size. P values below 0.001 are reported as P < 0.001. Pairwise comparisons were performed using the
least significant difference post hoc test.
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