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Abstract
Objective The CAPN10 gene encodes a protein that regulates insulin secretion and glucose uptake. Its variant Indel-
19 has been associated with an increased risk of type 2 diabetes mellitus, diabetes-related traits, and some chronic 
disorders, mainly obesity. This study aimed to investigate the association between the CAPN10 Indel-19 variant and 
some clinical parameters in a Mexican population sample. We recruited 426 apparently healthy individuals over 30 
years of age. We obtained anthropometric data, arterial pressure, fasting biochemical parameters, and genotyping for 
CAPN10 Indel-19.

Results The frequency of overweight and obesity was 82.9%, hypertension 8%, hypercholesterolemia 14.8%, 
hypertriglyceridemia 31.9%, impaired plasma glucose 23.9%, and diabetes 4.7%. The genotype frequencies were 
13.1%, 47.9%, and 39% for del/del, del/ins, and ins/ins, respectively; the allele frequencies were 37.1% for the del 
allele and 62.9% for the ins allele. The analysis of the continuous parameters according to the genotypes showed 
no significant differences. However, when these parameters were dichotomized (reference group versus high-level 
group), the ins allele was associated with a protective effect against high arterial pressure (prehypertension and 
hypertension). It is unclear whether the CAPN10 Indel-19 variant increases the risk of chronic diseases, so further 
studies are needed to confirm or refute this issue.
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Introduction
The calpain-10 (CAPN10) gene, located on chromosome 
2q37.3 (GRCh38: 2:240,586,734 − 240,599,104), consists 
of 15 exons and encodes up to eight isoforms of protein 
by alternative splicing [1, 2]. Calpain-10 belongs to a fam-
ily of calcium-dependent non-lysosomal cysteine pro-
teases that may be involved in the regulation of insulin 
secretion [3–5] and glucose uptake by skeletal muscle 
cells [6, 7] and adipocytes [8]. Calpain-10 has also been 
implicated in signal transduction, cell proliferation, dif-
ferentiation, apoptosis, cell cycle progression, membrane 
fusion, and platelet activation [9]. Moreover, it has been 
shown that acute exposure to a high glucose environ-
ment stimulates CAPN10 gene expression in pancreatic 
INS-1 cells [4]. Initially, the CAPN10 gene was associ-
ated with an increased risk of type 2 diabetes mellitus by 
the SNP-43 variant (rs3792267) and a haplotype com-
posed of three variants, including the SNP-19 (Indel-19; 
rs3842570: 32 bp insertion/deletion in the intron 6) [2], of 
which the del allele is of minor frequency, ranging from 
31.6% in Koreans to 45% in West Africans [10]. Because 
CAPN10 plays a role in cellular metabolism, some vari-
ants, such as Indel-19, have also been associated with 
several diabetes-related traits [11–17]. In addition, Indel-
19 has been related to several chronic disorders in dif-
ferent populations worldwide, such as obesity [18–21], 
increased glycated hemoglobin (HbA1c) [17], impaired 
plasma glucose and insulin resistance [19, 22], dyslip-
idemia [21, 22], and hypertension [22]. In this study, we 
investigated the association between the CAPN10 Indel-
19 variant and several clinical and metabolic parameters 
in a selected sample of a Mexican population.

Materials and methods
Analyzed subjects
Four hundred and twenty-six subjects over 30 years of 
age without a diagnosis of diabetes or arterial hyper-
tension and who were unaware of their health status 
were consecutively selected to participate in this study. 
There were 319 women and 107 men between the ages 
of 30 and 64 years (mean 48.9 ± 8.6 years). All partici-
pants were recruited at the Genetics Laboratory of the 
Faculty of Medicine of the Universidad Autónoma de 
Sinaloa in Culiacán, Sinaloa México. Blood pressure, 
weight, height, and waist circumference were measured, 
and body mass index (BMI) was estimated. All these 
measurements were taken jointly by the same two inves-
tigators. BMI was classified as normal (≤ 24.9  kg/m2), 
overweight (25.0–29.9 kg/m2), and obese (≥ 30.0 kg/m2). 
Blood pressure was classified as normal (119/79 mm Hg), 
prehypertension (120/80–139/89 mm Hg), and hyperten-
sion (≥ 140/90 mm Hg). Fasting biochemical parameters 
such as total cholesterol, low-density lipoprotein (LDL) 
cholesterol, high-density lipoprotein (HDL) cholesterol, 

triglycerides, glucose, and HbA1c were determined using 
a KONTROLab AutoKem II™ analyzer. The reference val-
ues were as follows: for glucose, normal (< 100  mg/dl), 
impaired FPG (fasting plasma glucose) (100–125  mg/
dl), and high (≥ 126  mg/dl); for cholesterol, normal 
(< 200.0  mg/dl) and high (≥ 200.0  mg/dl); for triglycer-
ides, normal (< 150.0  mg/dl) and high (≥ 150.0  mg/dl). 
A blood sample was also taken for DNA isolation. This 
study was conducted in accordance with the tenets of the 
Declaration of Helsinki and approved by our ethics com-
mittees. Informed consent was obtained from each par-
ticipant before enrollment in the analysis.

Genotyping
DNA was isolated from peripheral blood cells using the 
CTAB-DTAB method. Genotyping for the Indel-19 vari-
ant was performed by endpoint PCR using the following 
oligonucleotides 5’- G T T T G G T T C T C T T C A G C G T G G 
A G-3’ and 5’- C A T G A A C C C T G G C A G G G T C T A A G-3’, 
according to the conditions described previously [10]. 
Briefly, the reaction was performed in 20 µL containing 
1X PCR buffer, 200 µM of each dNTP, 10 pM of each 
primer, 1.5 mM MgCl2, 5% dimethyl sulfoxide, 2.0 units 
of Taq Platinum DNA polymerase (Invitrogen, USA), and 
50 ng of DNA. Amplification was performed as follows: 
initial denaturation at 96 °C/12 min, 35 cycles of 96 °C/30 
s, 60 °C/30 s, and 72 °C/30 s, terminating at 72 °C/10 min. 
The allele with two repeats (del) yielded a fragment of 
155  bp and the allele with three repeats (ins) rendered 
a band of 187  bp (not shown). Allele and genotype fre-
quencies were determined from the genotypes obtained.

Statistical analysis
SPSS 24.0 software was used for statistical analysis. The 
Hardy-Weinberg equilibrium was estimated from geno-
type frequencies using the chi-squared test. Mean was 
calculated for each continuous variable, and a compari-
son of means among the three genotype groups was ana-
lyzed using the Kruskal-Wallis test. Qualitative variables, 
such as obesity, hypertension, hypercholesterolemia, 
and impaired FPG were dichotomized and evaluated by 
logistic regression, using the chi-squared test. The del/
del genotype and the del allele were used as reference, 
and codominant (del/del vs. del/ins; del/del vs. ins/ins), 
dominant (del/del vs. del/ins + ins/ins), and recessive (del/
del + del/ins vs. ins/ins) inheritance models were tested. 
The difference was considered statistically significant at 
p ≤ 0.05.

Results
A total of 426 subjects were recruited, of whom 20 
were detected with diabetes and 34 with hyperten-
sion. Table  1 shows the average clinical and metabolic 
traits of the analyzed sample; parameters are expressed 
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as mean ± standard deviation. The genotype frequen-
cies were 13.1%, 47.9%, and 39% for del/del, del/ins, and 
ins/ins, respectively; the allele frequencies were 37.1% 
for the del allele and 62.9% for the ins allele. The geno-
type frequencies were in Hardy-Weinberg equilibrium 
(χ²=0.29; p = 0.68). Table  2 shows the analysis of clinical 
and metabolic parameters according to the genotypes. 
No significant differences were observed for any of them. 
Regarding qualitative characteristics, the frequency of 
overweight and obesity was 82.9%, prehypertension 
15.7%, hypertension 8%, hypercholesterolemia 14.8%, 
hypertriglyceridemia 31.9%, impaired FPG 23.9%, and 
diabetes 4.7%. Table 3 shows the analysis of the dichoto-
mized qualitative variables versus the genotype for each 
trait. No increased risk was found for any of the variables. 
On the contrary, the ins allele was associated with a pro-
tective effect against high arterial pressure (prehyperten-
sion and hypertension) (OR = 0.72, 0.52–0.99; p < 0.05).

Discussion
Despite the sampling of seemingly healthy individuals, 
20 subjects with diabetes and 34 with hypertension were 
enrolled. This finding underscores the need to improve 
health campaigns for the early detection of these disor-
ders in our population. Chronic diseases such as diabe-
tes, obesity, hypertension, and dyslipidemia undoubtedly 
have a genetic background, but these conditions are 
also influenced by environmental factors that interact 
with genes to increase or decrease their risk [23–25]. In 
our study, none of the CAPN10 Indel-19 genotypes was 
associated with an increase in any quantitative clini-
cal or metabolic parameter. Rather, the ins allele was 
associated with a protective effect against arterial pres-
sure ≥ 120/80 mm Hg.

Regarding quantitative variables, our results differ from 
those of other comparable studies. For example, the ins/
ins genotype was associated with higher HbA1c (p = 0.024) 
and higher BMI (p = 0.003) in Japanese [18], with higher 
oral glucose tolerance values (p = 0.014) and insulin resis-
tance (p = 0.022) in Spanish [22], and with increasing FPG 
(p = 0.02) in Mexican children aged 4–18 years [19], the 
del/ins genotype was associated with higher LDL cho-
lesterol levels and lower blood pressure (systolic, 0.007; 
diastolic, 0.005) in Spanish [22], higher mean in BMI 
(p = 0.041) and triglycerides (p = 0.034) in individuals 
from another Mexican population [21], while the del/del 
genotype was associated with higher HDL cholesterol 
(p = 0.034) in normoglycemic subjects from western Iran 
[26]. Furthermore, in a study conducted on women with 
gestational diabetes, the ins/ins genotype was associ-
ated with higher glucose levels (p = 0.006) in the Mexican 
population [27]. In contrast, the del allele was related to 
impaired glucose metabolism in pregnant women from 
a Chinese population (p = 0.012) [28]. However, studies 
performed for the CAPN10 Indel-19 variant in healthy 
offspring of diabetic patients found no significant effect 

Table 1 Clinical and metabolic data in a selected sample of 426 
Mexican subjects
Parameter Value
BMI (kg/m2) 29.1 ± 4.7
Waist circumference (cm) 96.1 ± 8.4
SP (mm Hg) 119.1 ± 23.4
DP (mm Hg) 78.7 ± 11.3
FPG (mg/dl) 95.2 ± 14.4
HbA1c (%) 5.59 ± 0.54
Triglycerides (mg/dl) 139.2 ± 82.9
Total cholesterol (mg/dl) 188.2 ± 39.5
LDL cholesterol (mg/dl) 113.6 ± 31.7
HDL cholesterol (mg/dl) 49.7 ± 11.5
Notes: Data are expressed as mean ± standard deviation. BMI: Body mass index. 
SP: Systolic pressure. DP: Diastolic pressure. FPG: Fasting plasma glucose. HbA1c: 
Glycated hemoglobin. LDL: Low-density lipoprotein HDL: High-density lipoprotein

Table 2 Analysis of clinical and metabolic parameters according to Indel-19 genotypes
Parameter del/del

n = 56
del/ins
n = 204

ins/ins
n = 166

p value*

Age (years) 47.3 ± 8.8 49.7 ± 8.3 48.5 ± 8.7 ND
BMI (kg/m2) 29.8 ± 4.7 29.0 ± 5.1 29.1 ± 4.1 0.61
Waist circumference (cm) 97.8 ± 9.8 95.5 ± 8.3 95.4 ± 8.3 0.44
SP (mm Hg) 122.2 ± 18.0 119.3 ± 15.7 117.8 ± 10.9 0.52
DP (mm Hg) 81.9 ± 14.7 79.8 ± 11.0 75.9 ± 10.8 0.08
FPG (mg/dl) 97.6 ± 12.0 94.2 ± 16.8 95.0 ± 11.9 0.15
HbA1c (%) 5.61 ± 0.53 5.58 ± 0.58 5.54 ± 0.44 0.95
Triglycerides (mg/dl) 133.6 ± 97.9 142.0 ± 82.1 137.8 ± 79.0 0.48
Total cholesterol (mg/dl) 191.4 ± 38.2 186.6 ± 37.9 189.5 ± 41.3 0.83
LDL cholesterol (mg/dl) 115.8 ± 39.8 110.3 ± 30.1 116.1 ± 36.2 0.43
HDL cholesterol (mg/dl) 50.1 ± 10.3 49.5 ± 10.7 50.4 ± 12.9 0.89
Notes: Data are expressed as mean ± standard deviation. BMI: Body mass index. SP: Systolic pressure. DP: Diastolic pressure. FPG: Fasting plasma glucose. HbA1c: Glycated 
hemoglobin. LDL: Low-density lipoprotein HDL: High-density lipoprotein. ND: Not determined.*Kruskal-Wallis test
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on insulin sensitivity or intra-abdominal fat in Finnish 
subjects [29], nor on insulin resistance or impaired insu-
lin secretion in healthy Scandinavian subjects [30]. As 
for qualitative traits, the ins/ins genotype was associated 
with overweight/obesity (OR = 1.60, 1.05–2.43; p = 0.027) 
under a recessive model in a young Colombian popula-
tion. Unexplainably, this risk was higher in subjects with 
an active lifestyle (OR = 2.28, 1.13–4.62; p < 0.021) than 
in those with a sedentary lifestyle (OR = 1.34, 0.79–2.29; 
p = 0.28) [20]. This genotype also showed a trend for dia-
betes risk in Japanese (OR = 2.31, 0.64–8.36; p = 0.2) [18]. 
Genetics, sample heterogeneity, and diet specific to each 
population are probably the main reasons for the differ-
ences among the several studies.

On the other hand, the Indel-19 polymorphism has also 
been associated with the above-mentioned metabolic 
disorders in patients with diabetes. The ins/ins genotype 
was linked with elevated cholesterol in the Gaza popula-
tion [13] and with increased mean BMI in Turkish men 
[15] as well as in the Bangladeshi population (p < 0.001) 

[17]. Furthermore, Ezzidi et al. found an association of 
this genotype with overweight (OR = 2.07, 1.28–3.33; 
p = 0.003) and obesity (OR = 1.83, 1.10–3.07; p = 0.021), 
but not with FPG (p = 0.71), HbA1c (p = 0.32), and HDL 
cholesterol (p = 0.56) in Tunisian patients of Arab ori-
gin [12]. Sharma et al. also observed an increased risk of 
overweight/obesity in ins allele carriers (OR = 1.88, 1.19–
2.98; p = 0.007) in a population from northwestern India 
[14]. The del/ins genotype was associated with increased 
waist circumference and triglycerides in a Mexican pop-
ulation [16], and with higher BMI (p < 0.001) and total 
cholesterol (p < 0.001) in the Bangladeshi population [17]. 
The del/del genotype was also associated with increased 
waist circumference and triglycerides [16] and with 
greater insulin sensitivity (p = 0.017) [11], but also with 
higher systolic blood pressure (p < 0.001) [17].

The association of the CAPN10 Indel-19 variant with 
diabetes, obesity, hypertension, and dyslipidemia is not 
fully understood because it is an intronic polymorphism 
that may have a less functional impact than a change in 

Table 3 Analysis of the qualitative variables according to the genotypes and alleles of Indel-19
Genotype/Allele Normal Higha OR (95% CI) p valueb

BMI
del/del 8 48 Reference
del/ins 35 169 0.81 (0.35–1.85) 0.61
ins/ins 30 136 0.76 (0.32–1.76) 0.52
del 51 265 Reference
ins 95 441 0.89 (0.62–1.30) 0.55
Arterial pressure
del/del 39 17 Reference
del/ins 151 53 0.81 (0.42–1.54) 0.51
ins/ins 135 31 0.53 (0.26–1.05) 0.07
del 229 87 Reference
ins 421 115 0.72 (0.52–0.99) 0.04
Cholesterol
del/del 45 11 Reference
del/ins 175 29 0.68 (0.32–1.46) 0.32
ins/ins 143 23 0.66 (0.30–1.45) 0.30
del 265 51 Reference
ins 461 75 0.85 (0.57–1.24) 0.40
Triglycerides
del/del 41 15 Reference
del/ins 132 72 1.49 (0.77–2.88) 0.23
ins/ins 117 49 1.15 (0.58–2.26) 0.70
del 214 102 Reference
ins 366 170 0.97 (0.72–1.31) 0.87
Glucose
del/del 35 21 Reference
del/ins 146 58 0.66 (0.36–1.23) 0.19
ins/ins 123 43 0.58 (0.31–1.11) 0.10
del 216 100 Reference
ins 392 144 0.79 (0.59–1.08) 0.14
Notes: Only the analysis under a codominant model is shown, but the analysis under other inheritance models also showed no significant differences. BMI. Body mass 
index.aHigh (BMI ≥ 25 kg/m2; arterial pressure ≥ 120/80 mmHg; cholesterol ≥ 200 mg/dl; triglycerides ≥ 150 mg/dl; glucose ≥ 100 mg/dl).bChi square test
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the coding or promoter region. However, it has been 
proposed that this variant may affect gene expression, 
as individuals carrying the ins/ins genotype have been 
found to have reduced calpain-10 mRNA expression [19], 
which may affect insulin secretion and glucose uptake 
and disrupt cell metabolism. Furthermore, we do not 
exclude the possibility of diet-induced epigenetic modi-
fications [31]. Then, either a change in the expression of 
the gene or protein could affect its function and increase 
the risk of these conditions. Since metabolic dysregula-
tion causes these chronic diseases, it is reasonable to 
assume that they overlap through metabolism and may 
share common risk factors, including genetics, lifestyle, 
and diet. However, further studies are needed to clarify 
this issue.

Limitations
The main limitation of this study is that the sample 
was over-represented by women at a ratio of 3:1, so we 
were unable to make comparisons between the sexes. In 
addition, we did not have the resources to sample more 
individuals to achieve greater statistical power. Still, we 
believe that our findings are robust and provide impor-
tant information for further research.
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