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Objective: 
Methods: A total of 200 T2DM patients and 200 healthy volunteers were 
enrolled to identify PPARD rs2016520 and NOS1AP rs12742393 genotypes 
using the polymerase chain reaction-restriction fragment length polymorphism 
assay (PCR-RFLP). Sixty newly diagnosed T2DM patients (39 men, 21 
women) were enrolled and treated with nateglinide (360 mg/day) for 8 weeks. 
Anthropometric measurements, clinical laboratory tests were obtained at 
baseline and after 8 weeks treatment.
Results: The minor C allelic frequencies of the PPARD rs2016520 (T/ C) 
polymorphism were 21.70% and 24.50% in T2DM patients and healthy 
controls, respectively. In this study, no significant differences were found 
between T2DM patients and control subjects in allelic frequencies of PPARD 
rs2016520(T/C) polymorphisms. The frequency of the C allele at the NOS1AP 
rs12742393 locus was higher in patients with T2DM than in healthy controls 
(33.25% vs. 21.50%, P < 0.05). Patients with the C allele of the PPARD 
rs2016520 polymorphism showed higher levels of body mass index (BMI), 
waist to hip ratio (WHR) and homeostasis model assessment for beta cell 
function (HOMA-B) at baseline (P < 0.05). After nateglinide treatment, patients 
with at least one C allele of PPARD rs2016520 showed a smaller decrease in 
post plasma glucose (PPG), HOMA-B than those with the TT genotype did (P 
< 0.05). Patients with the CC genotype of NOS1AP rs12742393 (A/C) had 
higher low-density lipoprotein-cholesterol (LDL-C) levels and lower HOMA-B 
(P < 0.05). In patients with the AA genotype, the drug showed better efficacy 
with respect to levels of fasting plasma glucose (FPG), fasting serum insulin 
(FINS), HOMA-B and homeostasis model assessment for insulin resistance 
(HOMA-IR) than in patients with the AC+CC genotype (P < 0.05). NOS1AP 
rs12742393 genotype distribution and allele frequency were associated with 
responsiveness of nateglinide treatment (P < 0.05).
Conclusion: These data suggest that the variant of PPARD and NOS1AP 
were associated with nateglinide monotherapy efficacy in newly diagnosed 
Chinese T2DM patients.



Objective: Nateglinide has been widely used clinically and display excellent safety and efficacy, 

the response to nateglinide varies among individuals. Among various reasons under discussion is 

genetic polymorphism, especially the genes related to drug absorption, distribution, metabolism and 

targeting. Recent studies have described the importance of PPARD and NOS1AP in regulating the 

secretion and resistance of insulin. However, little is known about the impacts of PPARD and 

NOS1AP genetic polymorphism on the efficacy of nateglinide. Therefore,  the current study was 

designed to investigate a potential association of PPARD rs2016520(T/C) and NOS1AP 

rs12742393(A/C) polymorphisms with efficacy of nateglinide in newly diagnosed Chinese type 2 

diabetes mellitus(T2DM) patients.

Methods: A total of 200 T2DM patients and 200 healthy volunteers were enrolled to identify 

PPARD rs2016520 and NOS1AP rs12742393 genotypes using the polymerase chain reaction-

restriction fragment length polymorphism assay (PCR-RFLP). Sixty newly diagnosed T2DM 

patients (39 men, 21 women) were enrolled and treated with nateglinide (360 mg/day) for 8 weeks. 

Anthropometric measurements, clinical laboratory tests were obtained at baseline and after 8 weeks 

treatment.

Results: The minor C allelic frequencies of the PPARD rs2016520 (T/ C) polymorphism were 

21.70% and 24.50% in T2DM patients and healthy controls, respectively. In this study, no 

significant differences were found between T2DM patients and control subjects in allelic 

frequencies of PPARD rs2016520(T/C) polymorphisms. The frequency of the C allele at the 

NOS1AP rs12742393 locus was higher in patients with T2DM than in healthy controls (33.25% vs. 

21.50%, P < 0.05). Patients with the C allele of the PPARD rs2016520 polymorphism showed 

higher levels of body mass index (BMI), waist to hip ratio (WHR) and homeostasis model 

assessment for beta cell function (HOMA-B) at baseline (P < 0.05). After nateglinide treatment, 

patients with at least one C allele of PPARD rs2016520 showed a smaller decrease in post plasma 

glucose (PPG), HOMA-B than those with the TT genotype did (P < 0.05). Patients with the CC 

genotype of NOS1AP rs12742393 (A/C) had higher low-density lipoprotein-cholesterol (LDL-C) 

levels and lower HOMA-B (P < 0.05). In patients with the AA genotype, the drug showed better 

efficacy with respect to levels of fasting plasma glucose (FPG), fasting serum insulin (FINS), 

HOMA-B and homeostasis model assessment for insulin resistance (HOMA-IR) than in patients 

with the AC+CC genotype (P < 0.05). NOS1AP rs12742393 genotype distribution and allele 



frequency were associated with responsiveness of nateglinide treatment (P < 0.05).

Conclusion: These data suggest that the variant of PPARD and NOS1AP were associated with 

nateglinide monotherapy efficacy in newly diagnosed Chinese T2DM patients.
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INTRODUCTION

Oral hypoglycemic agents such as sulfonylureas, glinides, metformin, α-glucosidase inhibitors, 

dipeptidyl peptidase 4 inhibitors and sodium glucose coordinated transporter 2-inhibitor are 

commonly used in the treatment of type 2 diabetes. Variations in genes encoding key proteins 

involved in insulin secretion, insulin action, and metabolism may alter susceptibility to type 2 

diabetes mellitus (T2DM) and are the main factors affecting individual differences in response to 

hypoglycemic drug therapy [1, 2].

PPARD gene is located on chromosome 6p21.1-p21.2, and its coding product PPAR-δ (also 

named PPAR-β) is a member of the peroxisome proliferator activated receptor family, which is 

widely distributed in the liver, kidneys, cardiac and skeletal muscle, adipose tissue, brain, pancreatic 

and vasculature [3, 4]. PPAR-δ plays an important role in insulin resistance and islet β-cell function 

[5-8]. Activation of PPAR-δ in the liver may decrease hepatic glucose output, thereby contributing 

to improved glucose tolerance and insulin sensitivity [9, 10]. More recently, PPAR-δ activation 

came into focus as an interesting novel approach for the treatment of metabolic syndrome. 

Meanwhile, both preclinical and clinical studies have shown that PPAR-δ specific agonist therapy 

enhanced β-oxidation, decreased free fatty acid, and improved insulin sensitivity [11, 12]. Large-

scale clinical studies in the Chinese population have shown that PPARD rs2016520 polymorphism 

(also named +294T > C or -87T > C) is associated with fasting blood glucose, postprandial blood 

glucose, insulin level and insulin resistance, and is a key factor affecting the development of 

metabolic syndrome and T2DM [13-14]. Studies in a Mexican population have produced similar 

results [15].

NOS1AP, located on chromosome 1q22.3, and its coding product is known as carboxy-terminal 

PDZ ligand of neuronal nitric oxide synthase (nNOS), which regulates nNOS activity through 

interaction with the PDZ binding region of nNOS [16]. Studies have shown that nNOS is also 

localized on insulin secreted granules and can be activated by increasing β cells intracellular calcium 



which is a known response to glucose stimulation [16, 17]. Functional studies have shown that 

dysfunction of nNOS may in fact be directly involved in insulin secretion as well as insulin 

resistance [18-20]. A novel mechanism for beta cell dysfunction has been recently described, 

namely that elevated cholesterol inhibits insulin secretion by modifying nNOS activity [21]. In 

addition, genetic studies have implied that the variations of NOS1AP are associated with individual 

differences in the efficacy of sulfonylureas as well as increased safety risk of developing new-onset 

diabetes in patients taking calcium channel blockers [22, 23]. One clinical study showed that 

NOS1AP rs12742393 C allele gene was associated with an increased susceptibility to T2DM in the 

Chinese population [24]. Although many studies have been conducted on the association between 

NOS1AP variants and T2DM susceptibility and the metabolic related traits has been investigated, 

however, the results were inconsistent in different populations, such as the European population 

[23-27]. Though the studies on how the variants influenced the diseases were limited, one functional 

study showed that rs12742393 could affect NOS1AP gene expression through influencing 

transcription factor binding [28].

Nateglinide is an important non-sulfonylurea oral hypoglycemic agent that improves blood 

glucose levels. It promotes insulin secretion from pancreatic islet beta cells by inhibiting ATP-

sensitive K+ channels and activating Ca2+ channels. However, considerable interindividual 

differences in the therapeutic efficacy of nateglinide have been reported in T2DM patients [29, 30]. 

The underlying mechanism that lead to variations is still unclear. It is hypothesized that genetic 

polymorphisms of genes that code drug metabolizing enzymes, drug transporters, drug targets, or 

susceptibility genes related to T2DM pathogenesis may affect the pharmacokinetic or 

pharmacodynamics process of drugs, and eventually lead to interindividual variation in therapeutic 

efficacy of nateglinide [30]. Cytochrome P450 (CYP) 2C9 and CYP3A4 have been identified as the 

main metabolic enzymes involved in the biotransformation of nateglinide. SLCO1B1 gene encoding 

organic anion transporting polypeptide 1B1 (OATP1B1), which is involved in cellular uptake and 

transport of nateglinide. Some studies attributed interindividual differences in the pharmacokinetic 

process of nateglinide to genetic polymorphism of CYP2C9 and SLCO1B1, but not any of the 

CYP3A4 polymorphisms [31]. It is hypothesized that due to the genetic polymorphism of the 

enzymes and transporters mentioned above and their influence on the pharmacokinetic process of 

nateglinide might contribute to individual differences in pharmacodynamics. But, this could not 
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elucidate the complete mechanism of action by which the same nateglinide therapy results in various 

therapeutic responses [32-34].

Based on the facts that PPARD and NOS1AP play crucial roles in functional regulation of β-

cells, insulin resistant and metabolism, we conduct this study to evaluate the association PPARD 

rs2016520(T/C) and NOS1AP rs12742393(A/C) polymorphisms with susceptibility to development 

of type 2 diabetes and identify the impact of these polymorphisms on nateglinide efficacy in Chinese 

T2DM patients.

MATERIALS AND METHODS

Participants and study Design

A total of 200 T2DM patients and 200 healthy controls were recruited for analysis of PPARD 

rs2016520(T/C) and NOS1AP rs12742393(A/C) polymorphisms. All subjects were evaluated for 

their medical history, physical examination, and clinical laboratory examinations. T2DM patients 

were diagnosed referring to the 1999 World Health Organization criteria. The inclusion criteria for 

T2DM patients were (i) a BMI in the range of 18.5 - 30 kg/m2 and (ii) that the subject should not 

have received any insulin secretagogue or any agonist or inhibitor of CYP2C9, CYP3A4, and 

OATP1B1 in the previous 3 months. Patients who were receiving insulin treatment, pregnant or 

lactating women, and patients with serious diseases such as acute myocardial infarction, cerebral 

vascular accident, trauma, and kidney or liver disease were excluded from the study. A total of 60 

newly diagnosed T2DM patients (39 male, 21 female) with various PPARD rs2016520(T/C) or 

NOS1AP rs12742393(A/C) genotypes and the same with the same CYP2C9*1 and SLCO1B1 521TT 

genotype were randomly selected to take 360mg nateglinide per day (120 mg once before meal) 

orally for 8 consecutive weeks. The study was registered in the Chinese Clinical Trial Register (No. 

ChiCTRCCC13003536), in which the protocol used was approved by the ethics committee of the 

Affiliated Hospital of Xuzhou Medical University. Written informed consent was obtained from 

each participant before the study.

Anthropometric and Biochemical Measurements

The general anthropometric parameters considered for this study were height (in meters), 

weight (in kilograms), and waist and hip circumferences (in centimeters). After an overnight fast by 



the study subjects, blood samples for measurements of plasma glucose and insulin were obtained 

both in the fasting state and 2 h later during a standard 75-g oral glucose tolerance test. Plasma 

glucose and insulin, hemoglobin A1c (HbA1c), and serum lipids were measured as previously 

described [35]. These parameters were measured at the end of weeks 0 and 8 after administration of 

nateglinide.

The homeostasis model assessment for insulin resistance (HOMA-IR) and beta cell function 

(HOMA-B) are given by: HOMA-IR = fasting insulin level (mU/L) × fasting glucose level 

(mmol/L)/22.5; HOMA-B = 20 × fasting serum insulin (FINS)/(FPG-3.5) [36].

Genotyping

Genomic DNA was extracted from peripheral blood leucocytes using a SiMax Genome DNA 

Kit(Sbsbio, Shanghai, China). In the present study, the PPARD rs2016520 locus was amplified by 

the polymerase chain reaction (PCR) with the following primers: 5-

TGGGAAGGGTGATAGGGCA-3 (forward) and 5'-CTGGTGAGTGGCAGAGCAGA-

3(reverse). The 602bp PCR products were digested by FoKI (NEB, Beijing, China). For the 

NOS1AP rs12742393 locus, the following primer pairs were used 5-

GGTGAATGTGTACAAAGGAGAAGG-3 (forward) and 5-

CAAACTGAAATGGACCACAAAGAG-3(reverse). The PCR products were digested by 

BsrI(NEB, Beijing, China). All obtained DNA fragments were separated by 2% agarose gel 

electrophoresis followed by ethidium bromide staining and visualization with UV transillumination. 

To confirm the assay results, 5.0% of all samples were directly sequenced.

Definition of the Response to Nateglinide

T2DM subjects were classified into two groups based on changes in HbA1c after treatment 

with nateglinide: responder and non-responder. According to previous studies, nateglinide 

monotherapy improved HbA1c in patients with type 2 diabetes by an average of 10% to 20% from 

baseline levels [37-40]. In the present study, HbA1c levels were reduced by an average of 19.95% 

in all subjects treated with nateglinide. Therefore, we identified a 20% improvement in HbA1c after 

8 weeks of nateglinide treatment as an intermediate value, with responders were defined as patients 

with 20% or greater decrease in HbA1c and non-responders defined as patients who failed to achieve 

this level.



Statistical Analysis

Statistical analyses were carried out using SPSS software (version 16.0 for Windows; SPSS 

Inc., Chicago, IL, USA). All data were expressed as mean standard ± deviation (SD), or percentages 

as appropriate. Hardy-Weinberg equilibrium, frequencies of genotypes and alleles were assessed 

using χ2 tests in the study sample. A comparison of baseline characteristics in patients with T2DM 

and healthy controls was carried out using independent samples t tests. Characteristics among 

genotypes were compared using one-way analysis of variance. Paired t tests and independent 

samples t tests were used to estimate the effects of nateglinide on biochemical index among 

genotypes. Parameters with nonnormal distribution were analyzed by the Kruskal-Wallis test. 

Statistical power was calculated by power calculator software (http://www.ncss.com). A value of P 

< 0.05 was considered statistically significant.

RESULTS

Genotyping Analysis and Allelic Frequencies
The genotypes and allelic frequencies of the PPARD rs2016520 (T/C) and NOS1AP 

rs12742393 (A/C) polymorphisms in the T2DM patients and in control subjects are shown in 

Table1. The minor C allelic frequencies of the PPARD rs2016520 (T/ C) polymorphism were 

21.70% and 24.50% in T2DM patients and healthy controls, respectively. In this study, no 

significant differences were found between T2DM patients and control subjects in allelic 

frequencies of PPARD rs2016520(T/C) polymorphisms. The frequency of the C allele at the 

NOS1AP rs12742393 locus was higher in patients with T2DM than in healthy controls (33.25% vs. 

21.50%, P = 0.000). The genotype distributions of PPARD rs2016520 and NOS1AP rs12742393 

SNPs were in Hardy-Weinberg equilibrium (P > 0.05).

The Baseline Clinical Characteristics of Different PPARD rs2016520 and NOS1AP 

rs12742393 Genotypes 

The baseline clinical characteristics of 200 T2DM patients with different PPARD 

rs2016520(T/C) and NOS1AP rs12742393 (A/C) genotypes were measured before therapy (Table 



2). The PPARD rs2016520(T/C) polymorphism was noticeably associated with levels of BMI, 

WHR and HOMA-B; individuals with the C allele had obviously higher BMI and WHR levels, but 

markedly lowerHOMA-B as compared with those of other genotypes (P < 0.05) (Table 2, Figure 

S1). However, patients with the CC genotype at NOS1AP rs12742393 (A/C) had higher levels of 

LDL-C (P < 0.030) but lower levels of HOMA-B (P = 0.000) than those patients with genotypes 

AA and AC (Table 2, Figure S2).

Effects of the rs2016520 and rs12742393 Polymorphisms on Therapeutic Efficacy 

of Nateglinide in T2DM Patients

To evaluate the effects of PPARD and NOS1AP variations on the efficacy of nateglinide, newly 

diagnosed T2DM patients with various PPARD rs2016520 (C/T) and NOS1AP rs12742393 (A/C) 

genotypes but with the same SLCO1B1 T521C and CYP2C9*1 genotype were enrolled. Nateglinide 

significantly decreased the levels of FPG, PPG, HbA1c, TG, and TC, and increased the levels of 

FINS, PINS, HOMA-B and HDL-C levels in T2DM patients after 8 weeks of nateglinide treatment 

(Table S). Patients with PPARD rs2016520 TT genotypes had a significantly decrease in PPG and 

notably increase HOMA-B as compared with patients with the TC+ CC genotypes, which indicated 

that patients with genotype TT had better efficacy of nateglinide monotherapy (Table S2-1, Fig 1). 

Moreover, patients with NOS1AP rs12742393 AC+CC genotypes had diluted response of 

nateglinide in the case of FPG, FINS, HOMA-IR, and HOMA-B compared with AA genotype 

carriers (Table S2-2, Fig 2).

Association of PPARD rs2016520 and NOS1AP rs12742393 Genetic 

Polymorphisms With Response Rate to Nateglinide Treatment

In order to evaluate the association between PPARD and NOS1AP polymorphisms and the 

response to nateglinide treatment, genotypes and allelic frequency distributions were analyzed in 

the responder and non-responder groups (Table3). No signifficant effects of the variation in PPARD 

rs2016520(T/C) on nateglinide treatment were detected. According to predetermined criteria of 20% 

reduction from baseline, NOS1AP rs12742393 A allele carriers exhibited higher response rate to 

nateglinide treatment; AA allele homozygotes had the highest response rate (70.83%), while AC 

heterozygous and CC homozygous had 44.44% and 22.22%, respectively (P = 0.027). 
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DISCUSSION

In the present study, we found for the first time that genetic polymorphisms of PPARD and 

NOS1AP may affect the therapeutic efficacy of nateglinide in Chinese patients with T2DM. We 

observed that, in T2DM patients with at least one C allele of PPARD rs2016520(T/C) or one C allele 

of NOS1AP rs12742393(A/C), may be less responsive to treatment with nateglinide, indicating that 

the PPARD and NOS1AP genotype may serve as nateglinide response prognosticator. Therefore, 

we suggest that prior genotyping and individualized administration of nateglinide may be beneficial 

for those T2DM patients who require treatment with nateglinide.

PPARD and NOS1AP are directly or indirectly involved in the regulation of β-cell function and 

insulin resistance; this suggests that genetic polymorphisms in the two genes may contribute to 

interindividual differences in nateglinide response [5-8, 18-21]. To date, there has been no report 

on the influence of PPARD rs2016520(T/C) and NOS1AP rs12742393(A/C) polymorphism on 

nateglinide response. Further pharmacogenetic and functional studies are necessary to investigate 

the potential mechanism and lay the foundation for Individualized administration for T2DM. 

The data from this study also showed that PPARD rs2016520(T/C) and NOS1AP 

rs2016520(T/C) polymorphisms may affect some clinical indicators related to T2DM. The C allele 

of NOS1AP rs2016520(T/C) polymorphism is associated with the susceptibility of T2DM, but no 

association was found between PPARD polymorphism and the development of T2DM. Previous 

studies have shown that PPAR-δ is involved in glucose and lipid metabolism and plays an important 

role in fat storage, insulin resistance and the regulation of islet β-cell function [5-8]. Studies in 

Korean and Chinese populations have found that PPARD gene polymorphism may be associated 

with obesity, dyslipidemia, insulin resistance and other risk factors for T2DM [14, 41]. Currently, 

no direct evidence has been found that PPARD gene polymorphism affects T2DM susceptibility. 

Common variations in NOS1AP has been associated with T2DM in Caucasian and African 

American patients treated with calcium-channel blockers [23, 26]. Our data suggest that NOS1AP 

rs12742393 is associated with T2DM susceptibility in Chinese, which is consistent with the findings 

of a previous clinical study in a Chinese population [24]. In contrast, two other studies failed to find 

this association in Caucasians [26, 27]. These results of our study are not completely consistent with 

those from some previous studies, and the reasons for the differences may be the race and 



environment. 

Studies have reported that CYP2C9 and SLCO1B1 gene polymorphisms could affect the 

pharmacokinetic process of nateglinide, resulting in differences in drug concentrations in plasma 

and therapeutic efficacy [42-45]. Therefore, in this study we selected patients with the same 

CYP2C9*1 and SLCO1B1 521TT genotype to avoid any possible changes in the pharmacokinetics 

and pharmacodynamics of nateglinide caused by OATP1B1 or CYP2C9 polymorphism. Our study 

is an exploratory study on the effect of PPARD rs2016520(T/C) and NOS1AP rs12742393(A/C) 

polymorphisms on the efficacy of nateglinide in patients with T2DM. Our data show that nateglinide 

monotherapy has good clinical effect with respect to reduce FPG, PPG, HbA1c, TG and TC levels 

in patients with T2DM, and improve FINS, PINS, HOMA-B and HDL-C levels. Also, patients with 

PPARD rs2016520 TC + CC genotypes had attenuated efficacy of nateglinide monotherapy with 

respect to PPG, and HOMA-B compared with TT genotype carriers. Finally, our results showed that 

the NOS1AP rs12742393(A/C) polymorphism was associated with an attenuated nateglinide effect 

in Chinese patients with T2DM, and that individuals with AC+CC genotypes showed a smaller 

increase in FINS and HOMA-B, but a smaller decrease in FPG and HOMA-IR levels as compared 

to individuals with the TT genotype.

The PPARD gene encoding PPAR-δ, which is related to islet function and insulin resistance, 

might directly or indirectly participate in the pathogenesis of T2DM [7, 46-48]. In the present study, 

we preliminarily found that the polymorphism of PPARD gene affected the impact of nateglinide 

on insulin secretion in Chinese, which may be realized by the role of PPAR-δ in insulin secretion, 

as measured by HOMA-B. The biological effect of PPAR-δ overlaps with the therapeutic 

mechanism of nateglinide to a certain extent, which can partly explain the mechanism of PPARD 

gene polymorphism affecting the efficacy of nateglinide. However, the exact molecular mechanism 

remains to be further studied.

NOS1AP mainly regulates nNOS activity, and nNOS can inhibit intracellular Ca2+ level and 

thereby regulate insulin secretion [17, 22, 49]. In addition, lateral ventricular injection of nNOS 

inhibitors can affect insulin secretion and insulin sensitivity [19]. Therefore, it is speculated that 

NOS1AP may increase T2DM susceptibility by affecting insulin secretion and sensitivity, and 

nateglinide also acts on islet β cells to promote insulin secretion, and NOS1AP gene polymorphism 

may affect the efficacy of nateglinide. In this study, we observed that subjects with at least one C 



allele of the NOS1AP rs12742393 showed a smaller decrease in FPG and HOMA-IR and more 

obvious increase in FINS and HOMA-B levels than those with the AA genotype, which suggested 

that the NOS1AP rs12742393 C allele confers the poor nateglinide response through induce insulin 

resistance, as measured by HOMA-IR. Animal studies have shown that knockout of mouse nNOS 

gene may induce insulin resistance in mice [50]. Meanwhile, it has been reported that the 

dysfunction of nNOS in islet β cells is related to insulin secretion [17-20]. Therefore, it is speculated 

that NOS1AP rs12742393 risk gene C affects the efficacy of nateglinide in patients with T2DM, 

which is at least partially associated with insulin resistance and islet β cell. However, the exact 

mechanism by which NOS1AP gene polymorphism affects the efficacy of nateglinide needs to be 

further investigated.

Limitation

In interpreting the results of our study, several shortcomings must be addressed. According to 

research reports, PPARD rs2016520 and NOS1AP rs12742393 have the strongest correlation with 

the risk factors and susceptibility of T2DM [14, 23-25, 41]. Therefore, our study focused only on 

the effect of mutations in PPARD rs2016520 and NOS1AP rs12742393 on nateglinide efficacy. 

However, the possibility still exists that other susceptibility loci for T2DM may affect the 

therapeutic efficacy of nateglinide [51, 52]. Second, the sample size was relatively small, we may 

have missed some meaningful results. Further studies with a larger sample size are required to 

confirm the effects of PPARD and NOS1AP polymorphisms on the therapeutic efficacy of 

nateglinide. Third, our study only investigated the effects of gene polymorphism on the efficacy of 

nateglinide. However, the mechanisms by which the two SNPs in PPARD and NOS1AP affect the 

therapeutic efficacy of nateglinide are not fully understood. In the future, more functional studies 

are needed to explore the mechanism by which PPARD and NOS1AP gene polymorphism affect 

drug efficacy.

Conclusion 

The variations of PPARD rs2016520 and NOS1AP rs12742393 seem to be associated with the 

therapeutic efficacy of nateglinide in newly diagnosed Chinese patients with T2DM. We therefore 

suggest that prior genotyping for PPARD rs2016520(T/C) and NOS1AP rs12742393(A/C) single-

nucleotide polymorphisms may be beneficial for T2DM patients who need be treated with 

nateglinide. Further pharmacogenomic and functional studies to confirm the exact effects of PPARD 
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and NOS1AP variants on nateglinide therapeutic efficacy are necessary to achieve individualized 

drug administration. 
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Table1 Comparison of genotype and frequencies of PPARD rs2016520 and NOS1AP rs12742393 

polymorphism between T2DM patients and healthy subjects.

Genotypes

Healthy subjects

n =200

(frequency)

T2DM patients

n =200

(frequency)

P values

PPARD rs2016520

TT 110(55.00%) 124(62.00%)

TC 82(41.00%) 65(32.50%)

CC 8(4.00%) 11(5.40%) 0.194b

Alleles

T 302(75.50%) 313(78.30%)

C 98(24.50%) 87(21.70%) 0.356b

NOS1AP rs12742393

AA 123(61.50%) 86(43.00%)

AC 68(34.00%) 95(47.50%)

CC 9(4.50%) 19(9.50%) 0.001b

Alleles

A 314(78.50%) 267(66.75%)

C 86(21.50%) 133(33.25%) 0.000b

The allelic frequencies are indicated in absolute values (percentage). bP values are determined by 

the Pearson chi-square test.



Table 2 The Baseline Clinical Characteristics of Different PPARD rs2016520 and NOS1AP 

rs12742393 Genotypes in patients with T2DM (n=200)

PPARD genotypes NOS1AP genotypes
Parameters

TT TC CC
P value

AA AC CC
P value

N(male/female) 123(69/54) 66(36/30) 11(6/5) 0.967 b 86(45/41) 95(52/43) 19(11/8) 0.898b

Age (years) 48.37±12.05 50.71±12.37 48.11±12.49 0.274 48.72±11.89 49.77±11.79 50.25±10.48 0.218

BMI (kg/m2) 25.41±3.14 26.61±3.25 27.82±4.01 0.012* 25.94±3.27 26.32±4.11 25.79±3.21 0.899

WHR 0.91±0.07 0.93±0.05 0.94±0.04 0.028* c 0.92±0.07 0.94±0.07 0.92±0.08 0.468c

HbA1c (%) 9.26±2.16 9.08±2.19 9.46±1.48 0.332 9.41±2.31 9.42±2.04 9.31±2.34 0.898

FPG (mmol/L) 9.85±2.77 9.71±2.75 9.63±2.18 0.926 c 9.72±2.75 9.87±2.24 10.01±2.71 0.706

PPG (mmol/L) 16.21±4.40 16.14±4.52 15.53±2.54 0.885 c 15.89±4.69 16.31±4.32 15.79±4.13 0.726

FINS (mU/L) 9.81±6.32 10.14±6.87 11.73±7.79 0.642 10.15±6.91 10.42±7.81 9.82±6.63 0.676c

PINS (mU/L) 37.12±34.23 41.49±44.84 31.53±22.35 0.622 37.13±26.53 36.76±27.41 34.81±25.01 0.729

HOMA-IR 4.25±2.87 4.29±3.23 4.87±3.12 0.807 4.28±3.11 4.59±3.85 4.38±2.69 0.525

HOMA-B 38.31±7.32 35.26±6.94 34.73±5.98 0.011 37.31±8.23 32.26±7.94 31.43±4.38 0.041

TG (mmol/L) 2.51±2.93 2.25±1.84 2.53±1.56 0.793 2.25±1.63 2.45±2.08 2.21±1.86 0.113

TC (mmol/L) 5.29±1.36 5.36±1.21 4.87±0.92 0.509 5.19±1.21 5.31±1.31 5.41±1.12 0.320

HDL-C 

(mmol/L)
1.43±0.47 1.45±0.42 1.29±0.21 0.543 c 1.39±0.49 1.42±0.47 1.39±0.49 0.527

LDL-C (mmol/L) 3.26±1.19 3.25±0.91 3.21±1.02 0.989 3.11±0.82 3.08±1.01 3.69±0.93 0.030c*

BMI = body mass index; WHR = waist to hip ratio; HbA1c = hemoglobin A1c; FPG = fasting plasma 

glucose; PPG = postprandial plasma glucose; FINS = fasting serum insulin; PINS = postprandial 

serum insulin; HOMA-IR = homeostasis model assessment for insulin resistance; HOMA-B = 

homeostasis model assessment for beta cell function; TG = triglyceride; TC = total cholesterol; 

HDL-C = high-density lipoprotein-cholesterol; LDL-C = low-density lipoprotein-cholesterol.

Data are given as mean ± SD. P values represent statistical difference among three different 

genotypes assessed by the one-way ANOVA. bP values are determined by the Pearson chi-square 

test. cP values are determined by the Kruskal-Wallis test. *P<0.05.



Fig 1 Comparisons of DV(postadministration minus preadministration) of PPG(a) and HOMA-B 

(b) between the different PPARD rs2016520 genotypes in T2DM patients after treatment of 

nateglinide. Data are expressed with mean ± standard deviation. *P<0.05 compared with TT 

genotype group.



Fig 2 Comparisons of DV(postadministration minus preadministration) of FPG (a), FINS (b), 

HOMA-IR (c) and HOMA-B (d) among the different NOS1AP rs12742393 genotypes in T2DM 

patients after treatment of nateglinide. Data are expressed with mean ± standard deviation. *P<0.05 

compared with AA genotype group.



Table 3 Genotype and allele distributions between responders and non-responders of PPARD 
rs2016520 and NOS1AP rs12742393 variants (n = 60)

Genotype P value Allele frequency P value

PPARD rs2016520 TT TC CC T C

Responder (%) 19(54.29%) 11(47.83%) 1(50.00%) 49(52.69%) 13(48.15%)

Non-responder (%) 16(45.71%) 12(52.17%) 1(50.00%) 0.964 44(47.31%) 14(51.85%) 0.678

NOS1AP rs12742393 AA AC CC A C

Responder (%) 17(70.83%) 12(44.44%) 2(22.22%) 46(61.33%) 16(35.56%)

Non-responder (%) 7(29.17%) 15(55.56%) 7(77.78%) 0.027 29(38.67%) 29(64.44%) 0.006



Table S1  Clinical characteristics of T2DM patients before and after nateglinide treatment

Parameters Before treatment After treatment P values

FPG (mmol/L) 8.70±2.23 6.67±1.17 0.000

PPG (mmol/L) 14.26±2.94 10.46±1.59 0.000

FINS (mU/L) 9.26±5.87 14.09±13.47 0.007

PINS (mU/L) 39.33±33.11 70.21±52.89 0.000

HOMA-IR 3.61±2.42 4.27±4.28 0.246

HOMA-B 28.26±16.01 60.31±35.32 0.000

HbA1c (%) 8.35±1.74 6.71±1.00 0.000

TG (mmol/L) 2.15±1.34 1.85±1.10 0.002

TC (mmol/L) 4.98±1.31 4.58±1.08 0.001

HDL-C (mmol/L) 1.30±0.42 1.49±0.68 0.026

LDL-C (mmol/L) 2.82±0.78 2.68±0.74 0.066

FPG = fasting plasma glucose; PPG = postprandial plasma glucose; FINS = fasting serum insulin; 

PINS = postprandial serum insulin; HOMA-IR = homeostasis model assessment for insulin 

resistance; HOMA-B = homeostasis model assessment for beta cell function; HbA1c = hemoglobin 

A1c; TG = triglyceride; TC = total cholesterol; HDL-C = high-density lipoprotein-cholesterol; LDL-

C = low-density lipoprotein-cholesterol.

Data are expressed as mean ± SD. P values are determined by the Student’s t test. **P<0.01.



Table S2-1 Effects of different PPARD rs2016520 genotypes in T2DM patients on clinical 

characteristics determined before and after naglinide treatment

PPARD rs2016520
Parameters

TT TC+CC
P values

N(male/femal) 35(24/11) 25(15/10) 0.493
b

FPG (mmol/L) Before 9.07±2.63 8.19±1.42 0.134

After 6.74±1.36 6.57±0.87222 0.579

DV -2.32±1.72 -1.61±1.44 0.099

PPG (mmol/L) Before 15.23±2.78 12.90±2.66 0.002

After 10.57±1.71 10.31±1.42 0.538

DV -4.66±2.70 -2.59±2.13 0.002

FINS (mU/L) Before 9.36±5.93 9.13±5.91 0.883

After 16.06±15.72 11.32±9.05 0.182

DV 6.70±15.03 2.19±10.33 0.201

PINS (mU/L) Before 41.55±30.72 36.23±36.61 0.544

After 75.14±54.71 63.29±50.51 0.397

DV 33.59±43.71 27.07±29.25 0.519

HOMA-IR Before 3.81±2.65 2.72±1.47 0.443

After 4.94±4.94 3.34±2.97 0.157

DV 1.12±4.85 -0.01±3.53 0.338

HOMA-B Before 28.25±16.60 25.22±14.80 0.469

After 73.20±42.81 50.74±26.43 0.015

DV 44.95±19.23 25.48±15.93 0.000

HbA1c (%) Before 8.58±1.81 7.02±1.60 0.221

After 6.58±1.12 6.42±0.80 0.543



DV -1.87±1.55 -1.60±1.44 0.714

TG (mmol/L) Before 2.19±1.58 2.09±0.92 0.782

After 1.90±1.26 1.78±0.83 0.690

DV -0.29±0.78 -0.31±0.64 0.926

TC (mmol/L) Before 4.67±1.20 4.45±0.88 0.906

After 4.74±1.19 4.52±0.87 0.439

DV -0.29±0.75 -0.55±1.12 0.283

HDL-C (mmol/L) Before 1.29±0.45 1.31±0.38 0.788

After 1.38±0.41 1.64±0.92 0.158

DV 0.09±0.38 0.32±0.87 0.183

LDL-C (mmol/L) Before 2.79±0.80 2.87±0.78 0.720

After 2.75±0.79 2.58±0.67 0.364

DV -0.04±0.61 0.29±0.57 0.110

FPG = fasting plasma glucose; PPG = postprandial plasma glucose; FINS = fasting serum insulin; 

PINS = postprandial serum insulin; HOMA-IR = homeostasis model assessment for insulin 

resistance; HOMA-B = homeostasis model assessment for beta cell function; HbA1c = hemoglobin 

A1c; TG = triglyceride; TC = total cholesterol; HDL-C = high-density lipoprotein-cholesterol; LDL-

C = low-density lipoprotein-cholesterol.

Data are given as mean ± SD. P values represent statistical difference among the three different 

genotypes assessed by the one-way ANOVA. bP values are determined by the Pearson chi-square 

test. cP values are determined by the Kruskal-Wallis test. **P<0.01.

DV, differential values (post-administration minus pre-administration).



Table S2-2 Comparisons of clinical characteristics in T2DM patients with different NOS1AP 

rs12742393 genotypes before and after nateglinide treatment.

Parameters AA AC+CC P value

N(male/female) 24(11/13) 36(19/17) 0.598b

FPG (mmol/L) Before 9.97±2.54 10.32±2.02 0.580

After 6.51±1.34 8.75±1.44 0.000

DV -3.48±2.55 -1.57±1.28 0.000c

PPG (mmol/L) Before 17.25±4.31 16.73±4.50 0.651

After 10.47±3.45 12.95±3.68 0.016

DV -6.78±4.41 -4.81±3.57 0.000c

FINS (mU/L) Before 9.33±6.49 8.92±5.96 0.802

After 10.04±6.26 12.87±6.81 0.110

DV 0.72±5.15 3.98±4.65 0.014

PINS (mU/L) Before 31.63±22.32 31.90±21.62 0.963

After 46.91±26.82 47.82±26.90 0.028

DV 14.31±14.23 17.36±15.33 0.441

HOMA-IR Before 4.04±2.96 4.02±2.58 0.978

After 2.81±1.66 4.32±2.21 0.006

DV -1.22±2.07 0.21±1.23 0.001

HOMA-B Before 25.45±17.21 27.01±16.92 0.730

After 75.20±43.81 47.7±39.31 0.014

DV 45.95±37.23 22.48±21.93 0.003

HbA1c (%) Before 9.81±1.89 9.68±1.96 0.809

After 7.02±0.78 7.01±1.74 0.979

DV -2.79±1.58 -2.71±1.28 0.830

TG (mmol/L) Before 2.21±1.53 2.51±2.26 0.572

After 1.84±1.04 2.06±2.02 0.625

DV -0.36±1.13 -0.37±2.04 0.983

TC (mmol/L) Before 5.10±1.01 5.32±1.78 0.585

After 5.04±0.91 4.74±1.23 0.311

DV -0.06±0.91 -0.54±1.47 0.806

HDL-C (mmol/L) Before 1.41±0.42 1.39±0.49 0.871

After 1.37±0.39 1.30±0.43 0.524

DV -0.06±0.45 -0.11±0.66 0.747

LDL-C (mmol/L) Before 3.10±0.82 3.19±1.16 0.744

After 3.31±0.91 3.02±1.12 0.295

DV 0.21±0.92 -0.03±1.37 0.455

FPG = fasting plasma glucose; PPG = postprandial plasma glucose; FINS = fasting serum insulin; 

PINS = postprandial serum insulin; HOMA-IR = homeostasis model assessment for insulin 

resistance; HOMA-B = homeostasis model assessment for beta cell function; HbA1c = hemoglobin 



A1c; TG = triglyceride; TC = total cholesterol; HDL-C = high-density lipoprotein-cholesterol; LDL-

C = low-density lipoprotein-cholesterol.

Data are given as mean ± standard deviation. P values represent statistical difference among the 

three different genotypes assessed by one-way ANOVA. bP values are determined by Pearson chi-

square test. cP values are determined by Kruskal-Wallis test. 

DV, differential values (postadministration minus preadministration).



Fig. S1 Baseline levels of BMI, WHR, and HOMA-B in T2DM patients with different PPARD 

rs2016520 genotypes. Data are expressed with mean ± standard deviation. *P<0.05 compared with 

TT genotype group.



Fig S2 Baseline levels of HOMA-B(a) and LDL-C(b) in T2DM patients with different NOS1AP 

rs12742393 genotypes. Data are expressed with mean ±standard deviation. *P<0.05 compared with 

AC and AA genotype groups respectively.


