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Abstract. – OBJECTIVE: Diabetic ketoacido-
sis is one of the most serious acute complica-
tions of the gestational diabetes and is marked 
by the triad of the uncontrolled hyperglycemia, 
acidosis, and ketosis. Diabetic ketoacidosis 
can be a life-threatening emergency for moth-
er and fetus, whose genetic factors resulting 
in diabetic ketoacidosis remain unclear. This 
study aimed to explore the correlation between 
SLC26A6 gene polymorphism rs184187143 and 
the risk of diabetic ketoacidosis of gestational 
diabetic mellitus (GDM).  

PATIENTS AND METHODS: A total of 98 pa-
tients with GDM and 98 patients with diabetic ke-
toacidosis of GDM were enrolled. The direct se-
quencing of the products by Polymerase Chain 
Reactions of the extracted genomic DNA from 
the involved patients was performed to analyze 
the SLC26A6 gene polymorphism rs184187143, 
and the further genotype frequencies were com-
pared to the statistical analysis of the clinical 
and biochemical data.  

RESULTS: A significantly increased preva-
lence of the G allele (p = 0.032, OR = 2.326, 
95% CI = 1.539-3.516), C/G genotype (p = 
0.021, OR = 3.582, 95% CI = 1.216-10.558), 
and a previously uncharacterized rs184187143, 
was discovered in the diabetic ketoacidosis 
of the GDM group. The genotype of SLC26A6 
rs184187143 was shown to be markedly asso-
ciated with increased prevalence of the diabet-
ic ketoacidosis of GDM. 

CONCLUSIONS: Our study firstly estab-
lished that the G allele and C/G genotype of 
rs184187143 single nucleotide polymorphism 
(SNP) in SLC26A6 gene was closely linked with 
the increased risk for the development of the di-
abetic ketoacidosis of GDM.
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Introduction

Diabetic ketoacidosis is a serious complication 
of diabetes that occurs when the body produc-
es high levels of blood acids, called ketones. It is 
marked by the triad of uncontrolled hyperglyce-
mia, acidosis, and ketosis1. Diabetic ketoacidosis 
is a frequent complication of the gestational diabe-
tes mellitus (GDM) during pregnancy; it can be a 
life-threatening emergency for mother and fetus in 
the absence of prompt diagnosis and correspond-
ing treatment2,3. Actually, the worldwide prev-
alence of the type 2 diabetes mellitus has mark-
edly increased over the past two decades, and it 
unavoidably contributes to the uprising incidence 
of the gestational diabetes of women in pregnancy 
with type 1 and 2 diabetes mellitus3. Diabetic keto-
acidosis in pregnancy is an emergency with signifi-
cant maternal and fetal morbidity and mortality if 
not diagnosed and treated timely4. GDM could not 
only increase the risk of adverse maternal and fetal 
outcomes, but also increase the risk of developing 
future diabetes in both mother and their offspring. 
The relationship between GDM and lactic acidosis 
has been established; however, the genetic factors 
resulting in diabetic ketoacidosis remain largely 
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unknown. SLC26A6, also known as putative anion 
transporter-1 (PAT-1) or chloride/formate exchang-
er (CFEX), was identified exclusively through 
database mining based on homology to DRA 
(SLC26A3) and pendrin (SLC26A4)5. SLC26A6 
was found to be able to transport Cl−, SO4−, HCO3−, 
OH−, and oxalate6. Besides, SLC26A6 was also 
exhibited to mediate Cl−/formate exchange, Cl−/
OH− exchange, and Cl−/HCO3− exchange7, explicit-
ly suggesting its anion exchanger role. Despite the 
extensive studies regarding the basic or physiolog-
ical roles of SLC26A6, its clinical significance has 
been scarcely reported. Only Lu et al8 showed that 
the single nucleotide polymorphism of SLC26A6 
rs184187143 was related to the occurrence of the 
urolithiasis (colloquially, kidney stone). Besides, 
the relevant study regarding SLC26A6 involved 
in the physiopathological setting, for example, in 
GDM, has been little described. In the present work, 
based on the study8 mentioned above, we speculat-
ed that SLC26A6 gene polymorphism rs184187143 
might be associated with the diabetic ketoacidosis 
of GDM, considering the featured anion exchanger 
role of SLC26A69. The analysis aimed to investigate 
the association between SLC26A6 gene rs184187143 
(G539R) single nucleotide polymorphism and dia-
betic ketoacidosis of GDM susceptibility.

Patients and Methods

Patients
The case-control method was adopted in this 

study. A total of 98 patients diagnosed with dia-
betic ketoacidosis of GDM were recruited as an 
experimental group from March 2014 to February 
2019. The control group was formed by pregnant 
women with GDM but without evidence of dia-
betic ketoacidosis disorder, who were recruited at 
the same obstetrics clinic with the GDM group. 
The diagnosis of GDM was based on 2018 in-
ternational association of diabetes and pregnan-
cy study groups (IADPSG) guideline during 24 
weeks to 28 weeks of gestation (IADPSG, 2010). 
3 ml maternal venous blood was drawn from each 
participant involved, to analyze the basic bio-
chemical data, including fasting glucose and lipid 
profiles during the pregnancy course. Sample size 
estimation was based on our preliminary data of 
SLC26A6 SNP rs184187143 gene polymorphism 
frequency. The applying allele risk data in STA-
TA 14 (STATACorp, College Station, TX, USA) 
and considering an 80% power and a two-tailed 
alpha of 0.05, a sample size of 98 participants in 

the control group would be enough to detect the 
association between the alleles and diabetic ke-
toacidosis of GDM. The study was approved by 
the Medical Ethics Committee of Jining No. 1 
People’s Hospital. Informed consent was obtained 
from each participant enrolled after the intent of 
the study was fully explained.

Genetic Analysis
Maternal venous blood was collected in ED-

TA-treated tubes at delivery, and genomic DNA 
was extracted from maternal venous blood using 
BloodGen Midi Kit (Catalog number: CW0541; 
CWbio, Beijing, China) following the manufac-
turer’s instruction. A pair of primers was de-
signed with Primer Premier 5.0 software (Pre-
mier Biosoft, Palo Alto, CA, USA) to amplify 
the flanking region covering the core sequence 
of SLC26A6 rs184187143 site (TACCCC/GC-
CGGACTTCCTTGGCC). The primers were 
as follows: forward: 5’-GTTTCTTCTTCTGG-
GAGATGAGGAAG-3’; reverse: 5’-GGGGG-
GATGGGGATGACACCGTCGG-3’. The poly-
merase chain reaction (PCR) product size was 401 
bp. Then, the PCR products were purified by Gel 
Extraction Kit (Catalog number: CW2302; CW-
bio, Beijing, China) followed by DNA sequencing 
(outsourced to BGI company, Shenzhen, China). 
Meanwhile, the PCR products were subjected to 
restriction enzyme EcoR I digestion. 

Statistical Analysis
The data were analyzed using SPSS 17.0 (SPSS 

Inc., Chicago, IL, USA). Data analysis started with 
the descriptive statistics, including means and 
standard deviation for continuous variables. The 
Mann-Whitney U test was used to compare the 
significant differences in patient characteristics be-
tween the diabetic ketoacidosis of GDM and the 
GDM groups. p-value less than 0.05 was consid-
ered as significant. The frequencies of SLC26A6 
rs184187143 alleles and genotypes in different 
groups were compared using the Chi-squared test 
or Fisher’s exact test when the expected value was 
less than 5 in the contingency table. The odds ra-
tios (OR) and 95% confidence intervals (CI) were 
calculated using the logistic regression. 

Results

Baseline Characteristics
In Table I, we showed the comparisons of 

the baseline characteristics of patients in the 
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two groups. The results of the statistical analy-
sis showed that there were significant differenc-
es of triglyceride (p=0.028), C-reactive protein 
(p<0001), Biocarbonates (p=0.001), and blood 
ketones (p<0.001) between diabetic ketoacidosis 
of the GDM group and the control GDM group 
(Table I). On the other hand, no significant dif-
ference can be identified between the two groups, 
including age, height, weight, total cholesterol, 
HDL, and LDL (p>0.05), which explicitly sug-
gests that the two groups we set up can be compa-
rable in terms of clinical characteristics. 

The Genotyping of 
SLC26A6 rs184187143

SLC26A6 gene polymorphism rs184187143 
(G539R) was evaluated in this study by direct 

sequencing of the PCR product amplified by the 
primers designed to cover the core SNP site we 
were interested in, and the result showed that there 
was a significant difference in either the genotype 
or allele frequencies between the diabetic ketoac-
idosis of GDM group and control group (Table II). 
DNA sequencing was undertaken to ensure the 
genotyping observed using PCR-restriction frag-
ment length polymorphism (Figure 1). The re-
sults from the DNA sequencing was shown to be 
wholly consistent with what was observed using 
PCR-restriction fragment length polymorphism, 
in which the PCR product of SLC26A6 was 401 
base pair (bp), and different genotypes took on 
different fragments after digestion by EcoR I. CC 
genotype, or Wild-type was 401 bp, the GG gen-
otype was 212 and 88 bp, and the GC genotype or 

Table I. Baseline characteristics between case and control group (χ-±s).

Note: HDL, high-density lipoprotein; LDL, low-density lipoprotein

Group	 Case (n=98)	 Control (n=98)	 T or χ2-value	 p-value

Age/years	 57.60±11.20	 56.40±10.90	 1.988	 0.084
Height/cm	 165.09±15.90	 163.49±20.48	 1.410	 0.159
Weight/kg	 73.03±12.24	 72.52±13.61	 0.651	 0.515
Triglyceride/(mmol/L)	 1.96±1.49	 1.75±1.69	 2.195	 0.028
Total cholesterol/(mmol/L)	 4.47±1.20	 4.13±1.19	 0.495	 0.321
C-reactive protein (mg/L)	 161.48±22.80	 20.35±0.17	 31.146	 <0.001
HDL/(mmol/L)	 1.13±0.65	 1.19±0.59	 1.445	 0.149
LDL/(mmol/l)	 2.53±0.98	 2.48±0.91	 0.933	 0.351
Bicarbonate	 8.12±0.13	 22.3±0.15	 13.823	 0.001
Blood ketones	 5.7±0.12	 0.09±0.03	 25.375	 <0.001

Table II. SLC26A6 rs184187143 alleles and genotypes frequencies between case and control group Note: Case group, which 
refers to diabetic ketoacidosis of GDM; Control group, GDM.

Group			   Genotype 			                 Allele	
	 case				    p-value			   p-value
rs184187143		  GG	 CC	 GC		  C	 G	

Case 	 98	 53	 11	 34	 0.000	 66	 130	 0.000
Control	 98	 33	 53	 12		  156	 40

Figure 1. DNA sequencing results of SLC26A6 SNP at rs184187143. Where the red arrow pointed meant, homozygote (CC or 
GG genotype) in the form of single peak or heterozygote (C/G genotype), takes on double peak. 
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heterozygous comprising 401 bp, 212 bp, and 88 
bp (Figure 2). 

Genotype and Allele Frequencies 
of Case and Control Group

The genotype frequencies were the different 
frequencies of the CC genotype, GG genotype, 
and CG genotype. The allele frequencies were 
the different frequencies between the allele C and 
allele G. Meanwhile, the distribution of the muta-
tional allele frequency was consistent with Har-
dy-Weinberg equilibrium (p>0.05). The differ-

ence between the genotype and allele frequencies 
were all exceedingly statistically significant using 
the Chi-square test (p<0.001) (Table II).

The Linkage of the Clinical, 
Biochemical Data, 
and SLC26A6 rs184187143

The correlation of SLC26A6 gene polymor-
phism rs184187143 and biochemical parameters 
in diabetic ketoacidosis of GDM was exhibited 
in Table III. The age, height, triglyceride, total 
cholesterol, and hypertension were displayed to 

Table III. The correlation between SLC26A6 gene polymorphism rs184187143 and the diabetic ketoacidosis of GDM.

Note: HDL, high-density lipoprotein; LDL, low-density lipoprotein.

Risk factors	 OR	 95% CI	 p-value

Age	 0.672	 0.412-1.097	 0.112
weight	 1.059	 1.043-1.076	 <0.001
Height	 0.946	 0.894-1.001	 0.075
BMI	 1.066	 1.009-1.127	 0.023
Triglyceride	 1.115	 0.996-1.248	 0.059
Total cholesterol	 0.783	 0.605-1.014	 0.064
HDL	 0.634	 0.471-0.852	 0.003
LDL	 1.352	 1.001-1.824	 0.049
Hypertension	 1.287	 0.929-1.782	 0.129
Blood ketones	 3.897	 2.428-6.256	 <0.001
Bicarbonate	 0.252	 0.163-0.389	 <0.001
CC genotype	 1		
GG genotype	 2.326	 1.539-3.516	 0.032
CG genotype	 3.582	 1.216-10.558	 0.021

Figure 2. Restriction digests of SLC26A6 SNP at rs184187143. M: DNA Marker ladder; GG, short for GG genotype; CC, short 
for CC genotype; CG, CG genotype.
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be not statistically significant factors (p>0.05) 
in the occurring of diabetic ketoacidosis of the 
GDM group. By contrast, weight (p<0.001), BMI 
(p=0.023), high-density lipoprotein (p=0.003), 
low-density lipoprotein (p=0.049), blood ketones 
(p<0.001), bicarbonates (p<0.001), GG genotype 
(p=0.032), and CG genotype (=0.021) were shown 
to be all significant risk factors for the develop-
ment of diabetic ketoacidosis of GDM (Table III). 

Discussion

In the present investigation, it was first shown 
that the G allele and C/G genotype of SLC26A6 
single nucleotide polymorphism rs184187143 was 
closely associated with the increased risk for dia-
betic ketoacidosis of GDM. The underlying mech-
anism of the diabetic ketoacidosis of GDM remains 
undetermined. Although many studies suggested a 
relationship between the diabetic ketoacidosis of 
GDM and gene polymorphism, there have been 
few reports investigating the genetic predisposition 
of the diabetic ketoacidosis of GDM. We, therefore, 
explored the genetic polymorphisms of SLC26A6 
at rs184187143 loci in diabetic ketoacidosis of GDM 
cases. The information was not sufficient in the 
case of the role of SLC26A6 gene polymorphism 
in GDM. The related investigations8,10,11 were only 
carried out in patients with urolithiasis. Given 
this, our study was the first related investigation 
designed to focus the attention on SLC26A6 gene 
polymorphism in diabetic ketoacidosis of GDM.

A review of previous works8,10,11 concerning 
SLC26A6 suggests that the association of SLC26A6 
gene polymorphism rs184187143 with the develop-
ment of kidney stone has been recently established; 
while there has been a little analysis regarding the 
involvement of the SLC26A6 gene polymorphism 
rs184187143 in GDM, not to mention in diabetic 
ketoacidosis of GDM. Considering the classical an-
ion exchanger role mediated by SLC26A6 in phys-
iology environment12, it can be safely reasonable 
that SLC26A6 would be heavily implicated in the 
transportation of lactate, ketone, and other import-
ant metabolic acids produced in GDM. According 
to Lu et al8, there was an increased susceptibility 
of urolithiasis after being diagnosed as SLC26A6 
rs184187143. It would thus be intriguing to observe 
whether or not the SLC26A6 gene polymorphism 
could affect the Ketone or lactate exchange effi-
ciency in various pathological settings, including 
GDM, which could eventually lead to the diabetic 
ketoacidosis of GDM.

In our work, it was shown that the G allele and 
C/G genotype of SLC26A6 single nucleotide poly-
morphism rs184187143 was significantly different 
between diabetic ketoacidosis of GDM and thon-
trolGDM group. Specifically, the G allele and C/G 
genotype of SLC26A6 at rs184187143 was remark-
ably frequent in patients with the diabetic ketoaci-
dosis of GDM group, which explicitly and strongly 
indicated that the frequency of the G allele or C/G 
genotype could be an indicator of the increased 
risk for the development of diabetic ketoacidosis 
of GDM. Therefore, the SLC26A6 gene polymor-
phism at rs184187143 site might be used as an ideal 
marker in the routine genetic screening of high-
risk pregnant individuals with diabetic ketoacido-
sis. The gene mutation of SLC26A6 at rs184187143 
may have a serious effect on its anion exchanging 
function, thereby affecting the normal lactate or 
ketone release or transportation. Consequently, it 
is not difficult to understand that diabetic pregnant 
women with rs184187143 SNP can be more suscep-
tible to develop the diabetic ketoacidosis. 

Until now, most of the previous studies regarding 
SLC26A6 aim to study its biochemical, or physio-
logical roles. No study of SLC26A6 genotype and 
allele frequencies has been discovered in the context 
of diabetes, or gestational diabetes. Therefore, our 
core finding indicating that the distribution of the G 
allele and C/G genotype frequencies of SLC26A at 
rs184187143 were strongly linked with diabetic ke-
toacidosis of GDM warrants further confirmation 
using different cohorts with larger sample size.

Conclusions

This research concerns a novel connection 
between SLC26A6 rs184187143 SNP with an 
increased incidence of diabetic ketoacidosis of 
GDM. Such finding could explicitly imply a patho-
genic role of SLC26A6 in diabetic ketoacidosis of 
GDM, which requires future investigation with a 
larger sample size in a multidisciplinary fashion.
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