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Abstract: Type 2 diabetes (T2D) is a chronic systemic disease with a complex etiology, characterized by insulin 

resistance and mitochondrial dysfunction in various cell tissues. To explore this relationship, we conducted a 

secondary analysis of complete mtDNA sequences from 1,261 T2D patients and 1,105 control individuals. Our 

findings revealed significant associations between certain single nucleotide polymorphisms (SNPs) and T2D. 

Notably, the variants m.1438A>G (controls: 32 [27.6%], T2D: 84 [72.4%]; OR: 2.46; 95%CI: 1.64-3.78; p<0.001), 

m.14766C>T (controls: 498 [36.9%], T2D: 853 [63.1%]; OR: 2.57, 95%CI: 2.18-3.04, p<0.001), and  m.16519T>C 

(controls: 363 [43.4%], T2D: 474 [56.6%]; OR: 1.24, 95%CI: 1.05-1.47, p=0.012) were significantly associated with 

diabetes probability. The variant  m.16189T>C Previously reported in multiple studies in different 

populations, it was not found to be associated with T2D in our analysis (controls: 148 [13.39] T2D: 171 [13.56%]; 

OR: 1.03; 95%CI: 0.815-1.31,; p=0.83). These results provide evidence suggesting a link between some mtDNA 

polymorphisms and T2D, probably related to association rules and topological patterns and three-dimensional 

confirmation associated to regions where the changes are, rather than to point mutations in the sequence. 
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Introduction 

T2D is the most prevalent metabolic disease and a significant public health concern (Liu et al., 

2020; Zhou et al., 2016), leading to early-onset disability and elevated mortality due to various 

complications (Cousin et al., 2022). Between 1990 and 2017, the global trend for age-standardized 

rates of T2D, as measured by the number of cases per 100,000 population, showed a significant 

increase. Specifically, incidence rose from 228.5 (213.7–244.3) to 279.1 (256.6–304.3), prevalence 

climbed from 4576.7 (4238.6–4941.9) to 5722.1 (5238.2–6291.0), and mortality increased from 10 (9.5 -

10.6) to 13.2 (12.7-13.7). Additionally, disability-adjusted life years (DALYs) grew from 553.6 (435.1-

696.5) to 709.6 (557.2-888.3) (Lin et al., 2020). Although the rise in T2D is attributed to a complex 

interplay between environmental factors, genetic elements predisposing to an increased risk of T2D 

have also been identified (Prasad & Groop, 2015).  

The prevalence of T2D varies widely between populations, from a small percentage among 

Caucasians in Europe to more than 50% among the Pima community in Arizona. While some of the 

observed ethnic variability could be attributed to environmental and cultural factors, some variation 

depends on genetic differences (Prasad & Groop, 2015). Another important hallmark of T2DM is that 

it is more frequently diagnosed at lower ages and body mass index in male cases, and related to 

obesity, it is more common in female patients (Cooper et al., 2021; Kautzky-Willer et al., 2016). 

Insulin resistance diabetes heritability in families is well established, and the risk of developing 

depends on genetic and environmental factors. However, heritability estimates have varied between 

25% and 80% in different studies; the highest estimates are seen in those studies with the most 

extended follow-up periods, and the exact mechanism of transmission from parents to children has 

not been precisely established (Ahmad et al., 2022; Langenberg & Lotta, 2018; Prasad & Groop, 2015). 

The lifetime risk of developing T2D is 40% for people with a parent with T2D and nearly 70% if both 

parents are affected (Prasad & Groop, 2015). Furthermore, the T2D concordance rate in monozygotic 

twins is around 70%, while the concordance in dizygotic twins is only 20% to 30%. Proband 

concordance rates for monozygotic twins range from 34% to 100% (Prasad & Groop, 2015). The 

relative risk for first-degree relatives, the risk of developing T2D if they have an affected parent or 

sibling compared to the general population, is approximately three and ~6 if both parents are affected. 

However, these figures vary according to the cohort and population studied (Prasad & Groop, 2015). 

In recent years, mitochondrial genome polymorphisms have been the target of study in the 

pathogenesis and progression of different chronic metabolic diseases (Kronenberg & Eckardt, 2022; 

J. Li et al., 2019; Martín-Jiménez et al., 2020; Swan et al., 2015; Wu et al., 2018). Although mitochondria 

can be storaged from 2 to 10 molecules of mitochondrial DNA (mtDNA) (Lightowlers et al., 1997), 

the absence of histones favors a higher rate of mutation (between 6 and 17 times) than nuclear DNA 

(Naue et al., 2015). In addition, this allows the number of mitochondria and the genetic content of the 

mitochondria to vary between the cell tissues of the same person. Due to this, the presence of mtDNA 

mutations in the tissues that participate in the regulation of metabolism can contribute to dysfunction 

and, therefore, to the development of metabolic diseases (Fex et al., 2018; Kwak et al., 2010; Weksler-

Zangen, 2022). Thus, it has been reported that mitochondrial metabolism is involved in the processes 

that control insulin release from pancreatic β cells (Mulder, 2017), and its dysfunction due to 

mutations in the mtDNA would favor the development of diabetes (Guo et al., 2005; C. Li et al., 2022; 

Liao et al., 2008; Sikhayeva et al., 2017). On the other hand, it has been reported that the presence of 

mutations in the mtDNA of insulin target tissues (like myocytes), and consequently mitochondrial 

dysfunction, plays a highly debated role in the development of diabetes (Dela & Helge, 2013; 

Hesselink et al., 2016). 

The single nucleotide genetic variants in mitochondrial DNA could be associated with the risk 

of developing T2D (Guo et al., 2005). Although, the exact molecular mechanisms through which this 

would occur remain largely unknown and the subject of debate. Likewise, the polymorphisms 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 5 September 2023                   doi:10.20944/preprints202309.0086.v1

https://doi.org/10.20944/preprints202309.0086.v1


 3 

 

identified in some populations need to be validated in larger populations and with the inclusion of 

multiple ethnic groups (Floris et al., 2020). Therefore, the present study aimed to determine if 

mitochondrial polymorphisms previously identified in the literature are associated with 

susceptibility to T2D using a multiethnic population. 

Insulin resistance is essential for developing T2D and is present in most individuals with 

carbohydrate metabolism disorders before developing clinical manifestations that can be classified, 

according to current criteria, as T2D. This most important metabolic problem has hereditary 

determinants that are not well established so far, as well as environmental determinants focused on 

energy storage and metabolism, recent knowledge from genomic analysis in humans, together with 

in vivo and ex vivo metabolic studies in cell and animal models, have evidenced the critical 

importance of the role of reduced mitochondrial function as a predisposing condition for insulin 

resistance ((Chen & Gerszten, 2020). These studies support the hypothesis that reduced 

mitochondrial function, particularly in insulin-responsive cells such as skeletal muscle fibers, 

adipocytes, and hepatocytes, is inextricably linked to insulin resistance through effects on the insulin 

balance of cellular energy (Sangwung et al., 2020). In the setting of the diabetic patient, basal insulin 

secretion is increased. However, after a certain time, pancreatic beta cells fail to compensate for this 

abnormality, leading to clinical hyperglycemia, with skeletal muscle accounting for most insulin-

stimulated glucose disposal, and consequently, it is the predominant insulin resistance site in T2D 

(Højlund et al., 2008; Højlund & Beck-Nielsen, 2006a). 

Besides carbohydrate metabolism, Mitochondria use lipids for energy production, and 

decreased mitochondrial function is associated with ectopic adipose tissue and insulin resistance 

(Højlund et al., 2008). Resting adenosine triphosphate (ATP) synthesis in skeletal muscle in insulin-

resistant subjects is reduced compared with insulin-sensitive individuals, suggesting a contribution 

of mitochondrial dysfunction to insulin resistance (Morino et al., 2006; Petersen et al., 2003). 

Previous studies have suggested an association between decreased muscle oxidative capacity 

and insulin resistance in T2D and obesity. Thus, muscle citrate synthase correlates strongly with its 

mitochondrial content, oxidative capacity, and reduced maximal oxygen consumption in T2D (Kelley 

et al., 2002; Kruszynska et al., 1998). Furthermore, studies of key metabolic enzymes in muscle have 

shown an increased ratio of glycolytic capacity relative to mitochondrial oxidative capacity in 

patients who have T2D and a significant correlation between the ratio of glycolytic to oxidative 

enzyme capacity and insulin resistance (Højlund & Beck-Nielsen, 2006a). 

Mitochondria in skeletal muscle from patients who have T2D are minor and show altered 

morphology (He et al., 2001; Kelley et al., 2002). The reduction in mitochondrial function in patients 

with type 2 diabetes is accompanied by an increase in intracellular lipid concentration in skeletal 

muscle tissue, a reduction in mitochondrial density/content, and a decrease in mitochondrial 

oxidative phosphorylation rates (Befroy et al., 2007; Morino et al., 2005; Petersen et al., 2004). 

Most evidence and published studies focus on the association of mitochondrial alterations with 

insulin resistance, both in its number per cell and metabolism. A decrease in mitochondria number 

and electron transport chain activity in T2D and obese patients compared to lean volunteers has been 

previously documented (Kelley et al., 2002; Ritov et al., 2005), as well as impaired mitochondrial 

function in skeletal muscle obtained from obese type 2 diabetics (Mogensen et al., 2007). A lack of 

response of muscle mitochondrial ATP production to high-dose insulin infusion has also been 

reported in type 2 diabetic subjects, suggesting an impaired response to insulin and reduced 

mitochondrial function (Asmann et al., 2006; Stump et al., 2003); a modest decrease in mitochondrial 

ATP synthesis rates in non-obese T2D patients and older non-diabetic individuals compared with 

younger non-diabetic groups under fasting conditions and after insulin stimulation (Szendroedi et 

al., 2007) and the reduced basal ADP-stimulated and intrinsic mitochondrial respiratory capacity in 

type 2 diabetic subjects compared to control subjects matched for age and BMI (Phielix et al., 2008; 

Schrauwen & Hesselink, 2004; Schrauwen-Hinderling et al., 2007). However, some authors attribute 

the reduced mitochondrial capacity per unit mass skeletal muscle observed in T2D patients to the 

concept of reduced mitochondrial content and volume, oxidative enzymes levels, mtDNA, and 

decreased levels of co-regulators of mitochondrial biogenesis (Boushel et al., 2007). Transcriptomic 
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evidence of altered mitochondrial biogenesis and proteomic alterations of mitochondrial dysfunction 

(Hittel et al., 2005; Højlund et al., 2003; Ptitsyn et al., 2006) does not entirely exclude the possibility of 

primary defects in mitochondrial function in human skeletal muscle and no evidence so far 

demonstrates a cause-and-effect relationship between insulin resistance, and T2D (Højlund & Beck-

Nielsen, 2006b). 

The polymorphism m.16189T>C (rs386828865) near the segment associated with the termination 

in the non-coding region of mtDNA in the hypervariable region (HVR1) of mtDNA has a correlation 

with insulin resistance and with the prevalence of T2D reported mainly in Asian populations 28.8% 

and 37% in Koreans and Japanese, respectively; on the other hand, a wide variation was observed, 

from 10% in Alorese populations to 60% in Nia's populations and between 10% and 15% in 

Caucasians and a frequency of (Kwak & Park, 2016; Sudoyo et al., 2003). 

The fact that the point mutation m.16189T>C can be significantly associated with diabetes in 

populations of Caucasian, Asian, and Chinese origin suggests that this single nucleotide 

polymorphism (SNP) probably plays a direct role in predisposition to T2D. However, there is 

increasing evidence that the generation or expression of pathological mtDNA mutations could be 

influenced by other SNPs in the mtDNA, for example, the mtDNA mutation m. 11778G>A for LHON, 

the mtDNA mutation m.1555A>G underlying sensorineural deafness inherited from the mother, and 

the additional mutation, m14709T>C in tRNAglu firmly classified as a causal mutation (Sudoyo et 

al., 2003). 

The m.16189T>C polymorphism is near the termination-associated segment in the non-coding 

mtDNA region associated with an uninterrupted cytosine tract. The tract varies in length between 5 

and 13 consecutive cytokines; the wild-type genome contains nine cytokines with intermediate 

thymine at position m.16189 after the fifth cytokine. The m.16189T>C polymorphism decreases the 

mtDNA replication rate and causes a lower number of mtDNA copies and a disadvantage in 

metabolic efficiency. The m.16189T>C is a brake on the replication slippage or facilitates the entire 

process. The m.16189T>C polymorphism is associated with a maternal BMI below 18, low birth 

weight, a higher body mass index during adulthood, and a higher frequency of type 2 diabetes in 

individuals in UK population studies. UK and Asia (Soini et al., 2012). 

This study's purpose and primary objective was to identify the frequency of mtDNA 

polymorphisms in patients with and without T2D and their potential association with the disease. 

Material and methods 

An analytical cross-sectional study was conducted based on complete mitochondrial genome 

sequences in the NCBI Nucleotide database (https://www.ncbi.nlm.nih.gov/nuccore). To identify the 

sequences, we use booleans and keywords in the search string: (Homo[Organism] OR Homo 

sapiens[organism]) AND mitochondrion[FILT] AND (015400[SLEN]:016700[SLEN]) AND ("Type 2 

diabetes" OR "non-insulin-dependent diabetes" OR diabetes OR T2D), to select complete 

mitochondrial sequences we filtered those only complete chromosome mitochondrial sequences. 

Once the sequences were identified in the database, the metadata associated with each of them 

was explored to validate the place of origin; the following was required as inclusion criteria: (1) 

sequence length of 16569+/-10 bp, (2) Homo sapiens species tag, (3) type 2 diabetes diagnostic tag or 

defined as non-insulin dependent, (4) tag of origin of the sequence as a control grade individual in a 

study published on type 2 diabetes or defined as non-insulin dependent and (5) reference citation of 

the article associated with the study of the origin of the sequence, eliminating all those who did not 

meet any inclusion criteria. 

For identification of haplogroups and polymorphisms of the selected sequences using the 

Genebank sequence number, the haplotype was determined, and polymorphisms identified using 

MITOMASTER (https://www.mitomap.org/foswiki/bin/view/MITOMASTER), from which a 

database was built with the identified polymorphisms. The criteria for classifying the different 

haplogroups can be found in more detail in the Phylotree database (http://www.phylotree.org/) (Lott 

et al., 2013; van Oven & Kayser, 2009). In addition, for the construction of the database, the alignment 

of the sequences was carried out in the genomic browser UCSC Genome Browser 
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(https://genome.ucsc.edu) to be able to analyze the presence of the polymorphisms of interest in each 

one of the sequences manually, recording deletions, insertions, and substitutions when compared to 

the rCRS reference sequence (https://www.ncbi.nlm.nih.gov/nuccore/251831106). The methodology 

used to obtain and process the sequences is summarized in Figure 1. 

 

Figure 1. Methodological pipeline to identify and process sequences associated with type 2 diabetes 

and controls obtained from NCBI Nucleotide database. 

The databases were analyzed using  R (version 4.0.3) https://cran.r-project.org/. The absolute 

and relative frequencies were calculated for the descriptive analysis of the nominal qualitative 

variables related to the presence or absence of SNPs in a specific locus. The goodness of fit hypothesis 

used Pearson chi-square (X2) analysis with p < 0.05 and estimated Odds Ratio (OR) and relative risk 

with their respective 95% confidence intervals (95% CI). 

For the descriptive statistical analysis of counts of variants in a single sequence, were performed 

central tendency statistics as mean, median, and mode; dispersion statistics as standard deviation, 

standard error, variance, quartiles, interquartile range (IQR), maximum and minimum values; and 

finally asymmetry metrics as skewness and Kurtosis; To explore normality a frequency histogram, 

qq plot, and Kolmogorov-Smirnov test with the Lilliefors correction was used to test normal 

distribution of data and Silverman critical bandwidth test p-value to demonstrate multimodality 

(Silverman, 1981). To explore variance homoscedasticity, a Levene test was performed. Finally, a 

comparative analysis of the median of the number of polymorphisms between diabetic y control cases 

was done using a U Mann Whitney (Wilcoxon-Mann-Whitney test) with criteria of p-value < 0.05 to 

confirm statistically significant differences. 

Results 
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The 2,663 mtDNA sequences were identified in the NCBI Nucleotide database, of which 2,366 

met the eligibility criteria. 54% (n = 1,261) corresponded to sequences from individuals diagnosed 

with T2D and 46% (n = 1,105) corresponded to sequences from controlled individuals. The summary 

of the results of the descriptive statistics of the number of polymorphisms per sequence is shown in 

Table 1 and the frequency of different haplogroups in Table supplementary S1. After the graphical 

analysis and the statistical test to explore normality, it is shown that the distribution of the frequency 

of variants has a non-parametric distribution (Table 1). Normality analysis with the Kolmogorov-

Smirnov with Lilliefors correction test, values of D = 0.2 and p < 2 x 10-16 were found, demonstrating 

the absence of normality and non-parametric distribution of the data. The Silverman test estimated 

critical bandwidth with 9.09 and p-value < 2.2e-16 demonstrating a true bimodal distribution (Figure 

2). 

 

Figure 2. Mann-Whitney U test of frequency of mtDNA polymorphism per sequences in 2,633 cases 

analyzed. A significant difference was identified between the medians of the groups with a value of 

p < 0.05. 

When analyzed individually by separate groups and plotted using frequency histograms of the 

variant counts per sequence, this bimodal distribution is maintained in diabetics and controls, so it is 

not an effect related to differences in the frequencies between the two groups. 

With the Levene test to explore the homoscedasticity of the same data, their variances are 

homogeneous with an F statistic value of 2.21 and a value of p equal to 0.14. Finally, in the Mann-

Whitney test, we can demonstrate a significant difference when comparing the median of variants 

frequency in the diabetic group with controls (Figure 3). 
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Figure 3. Pearson X2 with goodness of fit test of mitochondrial single nucleotide polymorphisms 

m.1438A>G   (rs2001030) and m.16519T>C (rs3937033) in type 2 diabetes cases and controls. This 

variants was the most frequent in the analysis with a p value significant > 0.05. 

The descriptive statistics analysis shows that a mean of variants in the diabetic population, most 

of the variation in control sequences are mainly unique polymorphisms. Only 13 mutations are 

related in almost 50% of the sequences studied. In contrast, there are up to 22 different 

polymorphisms in the control sequences. Most variations were found in unique polymorphisms 

distributed along the mitochondrial genome; however, the most frequent repetition is concentrated 

in the control region, between positions 576 and 16024 of the mtDNA. 

Of the 13,907 SNPs (7,087 in T2D and 6,820 in controls) identified in the sequences after 

comparison against the rCRS reference sequence, 64% were found to be associated with only five 

variants (8,901 of which 4,536 are in T2D cases and 4,365 in T2D cases), occupying two-thirds of all 

the polymorphisms observed in all the samples analyzed. The five most frequently shared 

polymorphism was m.1438A>G (rs2001030) found in people with diabetes in 97.0% (1071/1104) in 

diabetic cases and 90.6% (1,142/1,105) in controls (Figure 4), m.750A>G (rs2853518) found in 96.1% 

(1,211/1,260) of diabetic cases and 96.2% (1071/1105) in controls; m.16519T>C (rs3937033) found with 

61.8% (780/1661) in T2D and 67.1% (742/1105) in controls ((Figure 4), m.2706A>G (rs28541280) found 

in 55.5% (700/1,261) of diabetic cases and 58.7% (648/1104) in controls and m.73A>G (rs869183622) 

found in 56.4% (711/1,261) of diabetic cases and 60.1% 663/1104 in controls) (Figure 3). Of these more 

frequent changes found, the m.16519T>C polymorphism was the only significant difference between 
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groups with p-value < 0.05 in the Chi-square test (Figure 4). Concerning variant m.16189T>C 

(rs386828865), frequently reported in the literature in multiple studies in different populations 

associated with T2D, was only found in 13.6% (171/1261) of the cases with diabetes and 13.4% 

(148/1104) of the control cases (Figure 3), it was not found to be associated with diabetes in our 

analysis with p-value 0.83, odds ratio 1.03 with 95%CI 0.815-1.31. In the diabetic group, 13.7% of the 

sequences (187/1,361) do not have SNPs resulting in being identical to the reference sequence; each 

sequence has, on average, 6 SNPs, with a maximum of 70 variants (Figure 1), while in the control 

group, at least 15.9% (176/1,105) of the sequences do not have SNPs, and there is a higher frequency 

of polymorphisms with a maximum of 146 and an average of 8 SNPs per sequence.  

The present research analyzed 80 different mitochondrial polymorphisms previously reported 

in the literature associated with T2D. In the population of individuals with diabetes, a high 

prevalence of polymorphisms m.1438A>G and m.16519T>C was found in more than half of the 

sequences analyzed, with significant differences concerning control cases. On the other hand, the 

variants m.1811A>G, m.3027T>C, m.14766C>T, and m.16126T>C were slightly more common in the 

controls, also with statistically significant differences (Table 2). 

Discussion 

Although there is a well-established relationship between mitochondrial physiology and T2D, 

mitochondrial dysfunction can hurt glucose metabolism and contribute to the development of the 

disease; changes in the sequence of the mitochondrial genome could have some role in the related 

pathophysiology, have been found recurrently and associated with specific populations. Some of the 

ways that mitochondrial dysfunction can be linked to T2D are related to decreased energy 

production, oxidative stress, altered metabolism of fatty acids, inflammation, and cell signaling. 

Mitochondria are responsible for the production of adenosine triphosphate (ATP), the primary source 

of energy for cells, and dysfunction can reduce ATP production, which can affect cells' ability to 

metabolize glucose and regulate blood sugar levels properly. In the same way, this mitochondrial 

dysfunction can lead to increased production of reactive oxygen species, resulting in oxidative stress. 

Oxidative stress can damage cells and tissues, including the insulin-producing beta cells of the 

pancreas, leading to decreased insulin secretion and insulin resistance, critical features of T2D. 

Likewise, mitochondria play an essential role in the metabolism of fatty acids, an important energy 

source for cells, and mitochondrial dysfunction can disrupt fatty acid metabolism, contributing to 

lipid storage and insulin resistance. Mitochondrial dysfunction can trigger inflammatory responses 

in cells and contribute to the dysfunction of cell signaling pathways so that these changes may affect 

the function of pancreatic beta cells, as well as the response of peripheral tissues to insulin, which 

may contribute to the development of intolerance to carbohydrates (Galicia-Garcia et al., 2020). 

Although it is well known that the area of the mitochondrial chromosome with the most 

significant variability is the control region where more than 90% of the changes are grouped when 

comparing different sequences (Andrews et al., 1999; Kong et al., 2006; Mishmar et al., 2003; Ruiz-

Pesini et al., 2004; Torroni et al., 2006; Umetsu & Yuasa, 2005), it is noteworthy that the identified 

polymorphisms are concentrated in two loci related to the synthesis of mitochondrial ribosomal 

subunits: four variants, m.1189T>C, m.1193T>C, m.1420T>C and m.1438A>G in gene MT-RNR1 locus 

coding for the 12S ribosomal RNA, and three variants m.1811A>G, m.2667T>C and m.3027T>C in 

gene MT-RNR2 locus coding for the 16S ribosomal RNA. This important mtDNA region is related to 

MDP, encoded in the mitochondrial genome and translated into the mitochondria or cell cytoplasm, 

and released to bind to extracellular membrane receptors, active participation in cellular metabolism 

as a source of regulation factors of metabolic stress.  

Previous analysis of our research team report three variants in the MT-RNR1 not related to the 

MOTS-c coding sequence: m.1189T>C (rs28358571), m.1420T>C (rs111033356), and m.1438A>G 

(rs2001030); and secondly, three polymorphisms associated to MT-RNR2 m.2667T>C (rs878870626) 

related to humans, m.1811A>G (rs28358576) in SHPL3 and m.3027T>C (rs199838004) in SHPL6 

associated with statistical differences between the T2D and control group. All these findings were 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 5 September 2023                   doi:10.20944/preprints202309.0086.v1

https://doi.org/10.20944/preprints202309.0086.v1


 9 

 

previously related to cardiovascular complications in literature and, as far as we know, related for 

the first time in diabetic patients (Gaona et al., 2022). 

The available evidence is compelling about the highly nuanced and bi-directional relationship 

between mitochondria and diabetes. On the one hand, aspects of T2D, such as insulin resistance, can 

lead to mitochondrial dysfunction, such as through energy overload leading to ROS excess 

production. Otherwise, mitochondrial dysfunction may lead to subsequently developing T2D, as 

evidenced by the presence of mitochondrial SNPs associated with this metabolic disease. 

Some of these pathophysiological phenomena, clearly associated with mitochondrial 

dysfunction, may be associated with variants in their genome and the proportion of mitochondria 

with these changes in essential tissues linked to the disease, such as striated muscle fibers, adipocytes, 

hepatocytes, and pancreatic beta cells (Avital et al., 2012; Højlund et al., 2008; Nissanka & Moraes, 

2020; Rambani et al., 2022; Vringer & Tait, 2023). In addition, the role of mitochondrial genetics in the 

risk of the diabetic phenotype has been established, relating it to several mtDNA changes that have 

been associated with the development of T2D, like heteroplasmic variants associated with increased 

risk of carbohydrate intolerance develop as m.3243A>G, m.14577T>C, and m. 5178A>C (Kadowaki et 

al., 1994; Tawata et al., 2000; Wang et al., 2001; Yang et al., 2012) and homoplasmic variants that 

include m.1310C>T, m.1438GA>G, m.12026A>G, m.16189T>C, and 14693A>G (Poulton et al., 2002; 

Tang et al., 2006; Tawata et al., 1998). 

In the descriptive statistical analysis, the variants are more frequent with statistical significance 

in controls than diabetic population. Also of note is the bimodal distribution of the number of SNPs 

per sequence, both in people with diabetes and in controls, the first and most important where the 

mode is centralized, with 13 variants per sequence, and the second peak between 30 and 35 variants 

by sequence. A bimodal distribution with two maximum points makes the mean and median useless 

since their values will be somewhere between the two maximum points and will likely distort the 

distribution description.  

This genomic bimodal architecture is found in other places, at the same level of complexity as in 

the canalization phenomena (Davey et al., 2003; Hallgrimsson et al., 2019) in the nuclear genome, but 

also found in other levels of human DNA complexity, like in the GC proportion in the third positions 

of the codons, which are the ones with the greatest freedom to change without altering the encoded 

amino acid (Lamolle et al., 2018) and genetic expression of neoplastic malignant cells (Justino et al., 

2021; Moody et al., 2019, 2022). That is, the compositional characteristics of the genome constitute a 

genotype; for what we propose in the future, this bimodal distribution of variants frequency per 

sequence should be explored by analyzing a more extensive sequence set with more diverse 

haplogroups (Table supplementary S1). 

In our actual research, 80 polymorphisms of patients with T2D were analyzed. A notorious 

prevalence was found with significant statistical differences between diabetic and controls in five 

polymorphisms: m.1438A>G (89.27%), m.14766C>T (75%), m.16519T>C (51.34%), m.10398A>G 

(44.82%) and m.16189T>C (25.28%).  

These changes were found in different mitochondrial regions (Table 2), the m.1438A>G 

polymorphism (rs2001030), the most frequent change found in our analysis, are in MT-RNR1 gene 

coding for the 12S ribosomal RNA.; m.14676C>T polymorphism, also known as rs193302980, are 

placed in the MT-TE gene coding for position 71 in the acceptor stem of tRNA-Glu; m.16519T>C 

(rs3937033) is a variant in mitochondrial DNA in the noncoding position in a previous comprehensive 

study, it was found that there is a statistically significant association between the m.16519T>C variant 

and the prevalence of type 2 diabetes, it was observed that individuals possessing the m.16519T>C 

variant demonstrated a 69% increase in the odds of developing T2D (OR = 1.69, CI = 1.23–2.33, p = 

0.006) (Santander-Lucio et al., 2023); m.10398A>G also known as rs2853826 in the MT-ND3 gene 

coding for subunit ND3 of complex I (NADH dehydrogenase) at first nucleotide of codon 114 (ACC) 

for threonine; and finally, m.16189T>C polymorphism (rs28693675) in the hypervariable segment 1 

(locus MT-HV1, 16024 - 16383) at mitochondrial DNA replication control region. These variants have 

been previously investigated for different diseases and conditions, including T2D. Some studies have 

examined the association between these SNPs and the risk of developing the disease; however, the 
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results have been inconsistent, and a conclusive association has not yet been established. Due to the 

lack of consensus on the association between our variants and type 2 diabetes, more research in 

different populations and more extensive studies are needed to understand their relationship better.  

Mitochondrial dysfunction and T2D are complex and multifactorial phenomena that involve a 

complex interaction between genetic and environmental factors. Although mitochondrial 

dysfunction may be a common feature in diabetic cases, it is essential to note that many changes in 

the mitochondrial chromosome sequence obtained could result from oxidative damage in sensitive 

mtDNA regions rather than the origin of metabolic dysfunction.  

Previous reports remark on a high prevalence in individuals belonging to haplogroup B, a highly 

worldwide distributed group that is recognized for its diabetogenic nature, so its study is particularly 

relevant in different populations also associated with other phenotypes and syndromic diseases 

related to carbohydrate intolerance (Mkaouar-Rebai et al., 2008; Nahili et al., 2010; Tabebi et al., 2017). 

Our analysis found a higher prevalence in haplogroups R0, JT, and U. Haplogroup R0, formerly 

called pre-HV, is a typical Western Eurasian human mitochondrial haplogroup that evolved in Ice 

Age oases in South Arabia around 22,000 years ago and descended from haplogroup R, giving rise 

to haplogroups HV and R0a'b; haplogroup JT also euroasiatic distribution probably originated in 

Southwest Asia 50,300 years ago; and haplogroup U also a typical of Western Eurasia arose from 

haplogroup R, likely during the early Upper Paleolithic. Recent research suggests that haplogroups 

R0 and J may decrease the risk of diabetes mellitus (Alwehaidah et al., 2021; Kwak & Park, 2016) but 

are related to complicated diabetic disease in other human groups (Diaz-Morales et al., 2018) 

These discrepancies could be attributed to differences in the populations studied, confounding 

factors, and methodological limitations. Mitochondrial polymorphisms, including our variants 

found, may have an additive effect or interact with other genetic and environmental factors to 

contribute to disease risk. Given the lack of consensus on the association between SNPs and T2D, 

more research is needed in different populations. In the same way, other processes of analyzing 

nonlinear complex patterns in DNA sequences should be developed. For example, data mining 

techniques such as association rules can reveal hidden relationships between these variants to find 

the combination of mitochondrial polymorphism that coincides. Association rules can be used to 

reveal biologically relevant associations between biological information about different combinations 

of the presence or absence of nucleotides in known positions (Czibula et al., 2012; Leung et al., 2010; 

Mallik et al., 2015; Oellrich et al., 2014; Wong et al., 2015).  homoplasmic variants that includes 

m.1310C>T, m.1438GA>G, m.12026A>G, m.16189T>C, and 14693A>G (Poulton et al., 2002; Tang et al., 

2006; Tawata et al., 1998). 

In the descriptive statistical analysis the variants are more frequent with statistical significance 

in controls than diabetic population. Also of note is the bimodal distribution of the number of SNPs 

per sequence, both in diabetics and in controls, the first and most important where the mode is 

centralized, with 13 variants per sequence, and the second peak between 30 and 35 variants by 

sequence. A bimodal distribution with two maximum points makes the mean and median useless, 

since their values will be somewhere between the two maximum points and will likely distort the 

description of the distribution.  

This genomic bimodal architecture is found in other places, at the same level of complexity like 

in the canalisation phenomena (Davey Smith & Ebrahim, 2003; Hallgrimsson et al., 2019) in nuclear 

genome; but also are found in other levels of human DNA complexity, like in the  GC proportion in 

the third positions of the codons, which are the ones with the greatest freedom to change without 

altering the encoded amino acid (Lamolle et al., 2018) and genetic expression of neoplasic malignant 

cells (Justino et al., 2021; Moody et al., 2019, 2022). That is, probably the compositional characteristics 

of the genome constitute, by themselves, a  genotype, for what we propose in the future this bimodal 

distribution of variants frequency per sequence should be explored analyzing a larger  sequence set 

and with more diverse haplogroups. 

In our actual research , 80 polymorphisms of patients with T2D were analyzed. A notorious 

prevalence was found with significant  statistical differences between diabetic and controls in five 
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polymorphisms: m.1438A>G (89.27%), m.14766C>T (75%), m.16519T>C (51.34%), m.10398A>G 

(44.82%) and m.16189T>C (25.28%).  

These changes were found in different mitochondrial regions (Table 2), the m.1438A>G 

polymorphism (rs2001030), the most frequent change found in our analysis, are in MT-RNR1 gene 

coding for the 12S ribosomal RNA.;  m.14676C>T polymorphism, also known as rs193302980, are 

placed in the MT-TE gene coding for position 71 in the acceptor stem of tRNA-Glu; m.16519T>C 

(rs3937033) is a variant in mitochondrial DNA in the noncoding position in a previous  

comprehensive study, it was found that there is a statistically significant association between the 

m.16519T>C variant and the prevalence of type 2 diabetes, it was observed that individuals 

possessing the m.16519T>C variant demonstrated a 69% increase in the odds of developing T2D (OR 

= 1.69, CI = 1.23–2.33, p = 0.006) (Santander-Lucio et al., 2023);  m.10398A>G also known as rs2853826 

in the MT-ND3 gene coding for subunit ND3 of complex I (NADH dehydrogenase) at first nucleotide 

of codon 114 (ACC) for threonine; and finally, m.16189T>C polymorphism (rs28693675) in the 

hypervariable segment 1 (locus MT-HV1, 16024 - 16383) at mitochondrial DNA replication control 

region. These variants have been previously investigated in relation to different diseases and 

conditions, including T2D. Some studies have examined the association between these SNPs and the 

risk of developing the disease, however, the results have been inconsistent and a conclusive 

association has not yet been established. Due to the lack of consensus on the association between our 

variants and type 2 diabetes, more research in different populations and larger studies are needed to 

better understand their relationship.  

Mitochondrial dysfunction and T2D are complex and multifactorial phenomena that involve a 

complex interaction between genetic and environmental factors. Although mitochondrial 

dysfunction may be a common feature diabetic cases, it is important to note that many of changes in 

the mitochondrial chromosomes sequence obtained could be the result of oxidative damage in 

sensitive mtDNA regions, rather than the origin of metabolic dysfunction.  

Previous reports remarks  a high prevalence in individuals belonging to haplogroup B, a highly 

worldwide distributed group that is recognized for its diabetogenic nature, so its study is particularly 

relevant in different populations also associated with other phenotypes and syndromic diseases 

related with carbohydrate intolerance (Mkaouar-Rebai et al., 2008; Nahili et al., 2010; Tabebi et al., 

2017). In our analysis found a higher prevalence in haplogroups R0, JT and U. Haplogroup R0, 

formerly called pre-HV, is a typical Western Eurasian human mitochondrial haplogroup evolved in 

Ice Age oases in South Arabia around 22,000 years ago and descended from haplogroup R, giving 

rise to haplogroups HV and R0a'b; haplogroup JT also euroasiatic distribution probably originated 

in Southwest Asia  50,300 years ago; and haplogroup U also a typical of Western Eurasia arose from 

haplogroup R, likely during the early Upper Paleolithic. Recent research suggests that haplogroups 

R0 and J may decrease the risk of diabetes mellitus (Alwehaidah et al., 2021; Kwak & Park, 2016), but 

are related with complicated diabetic disease in other human groups (Diaz-Morales et al., 2018) 

These discrepancies could be attributed to differences in the populations studied, confounding 

factors, and methodological limitations. Mitochondrial polymorphisms, including our variants 

found, may have an additive effect or interact with other genetic and environmental factors to 

contribute to disease risk. Given the lack of consensus on the association between the SNPs and T2D, 

more research is needed in different populations. In the same way, other processes of analyzing 

nonlinear complex patterns in DNA sequences should be developed. For example, data mining 

techniques such as association rules can reveal hidden relationships between these variants to find 

the combination of mitochondrial polymorphism that occur at the same time. Association rules can 

be used to reveal biologically relevant associations between biological information about different 

combinations of presence or absence of nucleotides in known positions (Czibula et al., 2012; Leung 

et al., 2010; Mallik et al., 2015; Oellrich et al., 2014; Wong et al., 2015). 

Conclusions  

Although the relationship between mitochondrial polymorphisms, such as SNPs, and T2D has 

been studied in the past, it is essential to highlight that the contribution is a topic under constant 
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study, and the possible associations and underlying mechanisms are still being investigated. Some 

studies have suggested possible associations between specific mitochondrial variants and the risk of 

these metabolic diseases developing. For example, SNPs in mitochondrial genes related to energy 

production and glucose homeostasis can affect mitochondrial function, insulin sensitivity, and 

glucose metabolism, influencing susceptibility to T2D. Some examples of mitochondrial variants that 

have been previously reported and investigated concerning diabetes, also found in our analysis, 

usually are related to mitochondrial DNA replication control region and mitochondrial metabolic 

energy essential genes. It has been suggested that it may be associated with increased susceptibility 

and risk of developing diabetes. However, it is worth noting that studies on the relationship between 

mitochondrial variants and T2D have been inconsistent in some cases; some studies have found 

significant associations, while others have yet to find a clear correlation, or the results have been 

conflicting. The complexity of diabetes as a multifactorial disease means that multiple genetic and 

environmental factors may contribute to its development. Furthermore, the interaction between 

mitochondrial and nuclear genes may also be essential in disease susceptibility. 

Overall, research on the relationship between mitochondrial polymorphisms and T2D is 

ongoing, and further studies are needed to fully understand the underlying mechanisms and clinical 

relevance of these associations. It is important to note that these are just examples of some of the 

mitochondrial SNPs that have been investigated about T2D, the presence of these sequence changes 

does not necessarily imply risk or a direct association with disease in all populations or individuals. 

Supplementary Materials: The following supporting information can be downloaded at the website of this 

paper posted on Preprints.org. Table S1: Frequency distribution of the different haplogroups in diabetic and 

control cases; Table S2: Descriptive statistics of mtDNA polymorphism frequencies in 2,633 sequences; Table S3: 

Frequency of most frequent mitochondrial single nucleotide polymorphisms in type 2 diabetes and controls; 

Table S4: mtDNA database with NCBI Nucleotide sequence ID, predicted haplogroup, total variants per sequence 

and list of variants identified per sequence for T2D and controls (Data obtained from MITOMASTER analysis 

https://www.mitomap.org/mitomaster/index.cgi); Table S4: List of participants in the project  during the Pacific 

Scientific and Technological Research Summer Program 2019-2022. 
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