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MassARRAY multigene screening combined 
with LDL‑C and sdLDL‑C detection for more 
favorable outcomes in type 2 diabetes mellitus 
therapy
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Abstract 

Background:  To determine the clinical value of multigene polymorphisms, LDL-C and sdLDL-C on T2DM therapy.

Methods:  In total, 352 T2DM patients before and after treatment and 48 healthy individuals were enrolled in this 
study. LDL-C and sdLDL-C were detected in 352 T2DM patients and 48 healthy individuals by Quantimetrix Lipo-
print System. The 11 gene polymorphisms—HTR3B (rs2276307, A > G), APOE (rs7412, c.526C > T), APOE (rs429358, 
c.388 T > C), CYP2C9*3 (rs1057910, c.1075A > C), KIF6 (rs20455, c.2155 T > C), HMGCR​ (rs17238540, T > G), HMGCR​ 
(rs17244841, A > T), ABCB1 (rs2032582, A > C/T), HTR7 (rs1935349, C > T), SLCO1B1 (rs4149056, c.521 T > C), and CETP 
(rs708272, G > A)—were screened in these 352 T2DM patients by the Agena Bioscience MassARRAY system before 
therapy.

Results:  Genetic polymorphisms associated with T2DM and statin effects in pretreatment patients were detected, 
then results showed that all 11 genes had heterozygous mutation, and 7 genes had homozygous mutation in 352 
T2DM patients, more specifically reflected that these gene polymorphisms were common in Chinese T2DM patients. 
LDL-C and sdLDL-C were detected before and after treatment, sdLDL mainly existed in T2DM patients, and T2DM 
patients had higher mean levels of sdLDL-C than healthy people. After pharmacotherapy, the coincidence rates of 
decreases in LDL-C and sdLDL-C levels were 88.35% (311/352) and 84.09% (296/352), consistent with patients in 
remission.

Conclusions:  Gene polymorphisms related to pharmacotherapy were common in Chinese T2DM patients. And 
the expression of LDL-C and sdLDL-C was consistent with the T2DM disease course. Combined multigene screening 
before therapy and LDL-C and sdLDL-C detection before and after therapy could better assist T2DM treatment.

Keywords:  MassARRAY​, LDL-C, SdLDL-C, Type 2 diabetes mellitus, Cardiovascular disease

© The Author(s) 2021. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which 
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the 
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or 
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line 
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory 
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this 
licence, visit http://creat​iveco​mmons​.org/licen​ses/by/4.0/. The Creative Commons Public Domain Dedication waiver (http://creat​iveco​
mmons​.org/publi​cdoma​in/zero/1.0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.

Background
Diabetes mellitus is a metabolic disorder characterized 
by consistently elevated blood glucose [1, 2]. Accord-
ing to 2014 epidemiological data, approximately 8.3% of 
the world adult population has primary type 2 diabetes 
mellitus (T2DM) [3]. T2DM is associated with micro-
vascular and macrovascular complications [4] that lead 
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to cardiovascular or cerebrovascular issues [5]. Cerebral 
infarction in people with T2DM exhibits a different 
clinical pattern compared with that in patients without 
T2DM [6]. Therefore, T2DM is a powerful cardiovascular 
disease (CVD) risk factor [7].

Low-density lipoprotein cholesterol (LDL-C) is a 
major target for CVD prevention, and the UK Prospec-
tive Diabetes Study (UKPDS) demonstrated that LDL-C 
is a strong CVD risk factor in subjects with T2DM [7]. 
Many previous studies have shown that LDL phenotype 
may be divided into Pattern A and Pattern B according 
to particle size or density distributions, by a variety of 
laboratory methods measure, including analytical ultra-
centrifugation, density ultracentrifugation by vertical 
auto profile (VAP), segmented gradient gel electropho-
resis (sGGE), tube gel electrophoresis (TGE), nuclear 
magnetic resonance (NMR), or ion mobility (IM) [8]. Pat-
tern A consists of LDL-1 and LDL-2 subfractions, which 
named  larger buoyant LDL (lbLDL). Pattern B consists 
of LDL-3 through LDL-7, which known as small dense 
LDL (sdLDL), and different LDL subfractions vary in 
their risk profiles [9–11]. Mean 10-year follow-up data 
in nondiabetic first-degree relatives (FDR) of consecu-
tive patients with T2DM 30–70 years old showed that a 
higher LDL-C level was significantly associated with a 
higher risk of T2DM in high-risk individuals in Iran [12]. 
Total cholesterol, LDL-C, triglyceride and small dense 
LDL-C (sdLDL-C) levels were all significantly higher in 
diabetes patients than in nondiabetic individuals, and the 
elevation of serum sdLDL-C in patients with sustained 
hypertension suggests the establishment of atherogenic 
complications among diabetes patients [13, 14]. There-
fore, the diagnosis and treatment of dyslipidemia is a cor-
nerstone of diabetes mellitus management.

Statins are a common prescription medication for cho-
lesterol reduction, and several intervention trials with 
statins have demonstrated the beneficial effect of low-
ering LDL-C in both primary and secondary CVD pre-
vention, especially in subjects with T2DM [15, 16]. To 
ensure the T2DM treatment effect, genetic testing was 
recommended to patients before medication admin-
istration [17–24]. SNPs in the HTR3B and HTR7 genes 
were significantly associated with the myalgia score and 
may affect the development of myalgia in statin-treated 
patients [17]. The APOE rs429358 and rs7412 polymor-
phisms were mainly associated with LDL-C and plasma 
total antioxidant capacity (T-AOC) levels (p < 0.05) [18]. 
Furthermore, CYP2C9*3 (1075A > C) was related to flu-
vastatin pharmacokinetics in Chinese populations [19]. 
Being a carrier of the c.2155  T > C variant of the KIF6 
gene negatively impacts patient responses to simvasta-
tin, atorvastatin or rosuvastatin in terms of lipid-lower-
ing effects [20]. In addition, HMGCR​ mutations cause a 

significant reduction in total cholesterol and LDL-C lev-
els [21]. The SLCO1B1 c.521  T > C variant significantly 
increased exposure to simvastatin acid by approximately 
40% (p < 0.05) [22]. ABCB1 (rs2032582: 2677G > T/A) was 
significantly associated with atorvastatin-induced liver 
injury (p = 0.00068) [23]. CETP rs708272 SNP together 
with statin therapy may show a favorable antiatherogenic 
effect [24].

Although there are many reports about the excellent 
predictive performance of sdLDL-C for cardiovascu-
lar disease and T2DM, we still need to more precisely 
confirm the therapeutic effect of LDL-C or sdLDL-C in 
T2DM, and perhaps LDL subfractions have more precise 
clinical applications in T2DM. To improve T2DM ther-
apy, multigene detection was performed before treatment 
by an Agena Bioscience MassARRAY system, which is an 
advanced detection system based on MALDI-TOF MS 
technology and can detect dozens of gene loci in one 
sample [25]. The study flowchart is shown in Fig.  1a. A 
total of 352 T2DM patients from Pingdingshan People’s 
Hospital No. 1 (Henan, China) were enrolled. Samples 
from T2DM patients underwent multigene detection 
before treatment, and LDL-C and sdLDL-C expression 
were evaluated before and after treatment with statins 
until the disease was improving. Finally, the data were 
analyzed by GraphPad Prism 5 statistical software.

Methods
Samples
A total of 400 subjects were recruited from Pingdingshan 
People’s Hospital No. 1 (Henan, China), including 352 
T2DM patients (194 males and 158 females, 60.63 years 
mean age) and 48 healthy people (34 males and 14 
females, 45.38  years mean age) (Table  1 and Additional 
file 1), from May 2018 to Jan 2020. All subjects signed an 
informed consent form before the study. Permission to 
use these samples was obtained from the Hospital Ethics 
Committees. Before detection, peripheral blood samples 
(1  ml each) were extracted from subjects and subjected 
to centrifugation at 800 × g for 10  min to obtain super-
natant plasma samples (0.4 ml each) for LDL-C detection 
and peripheral blood cell sediment for MassARRAY SNP 
detection. The T2DM therapy guidance and remission 
evaluation criteria were following Guidelines for the Pre-
vention and Treatment of Type 2 Diabetes in China (2017 
Edition).

LDL‑C detection
First, total cholesterol, total triglycerides, plasma HDL-
C, and plasma LDL-C were tested by PTS PANELS Lipid 
Panel Test Strips (PTS diagnostics, NO: PTS-1710) and 
analyzed by CardioChek® PA (PTS diagnostics, USA) 
for LDL-C subfraction auxiliary analysis. Then, LDL-C 



Page 3 of 9Tian et al. BMC Med Genomics           (2021) 14:83 	

subfraction detection was processed by a Quantimetrix 
Lipoprint System LDL Subfraction Kit (REF48-7002, 
Manhattan Beach, CA, USA) [26]. In detail, the gel 
tubes were first removed from the jar and placed in the 
preparation rack, and the storage buffer was completely 
removed from the top of the gels. Then, 25  μl plasma 
samples were added to each tube, and 200 μl of Lipoprint 
loading gel was put into each tube. Then, a strip of Para-
film was placed between the gel tubes and preparation 
rack cover. The loading gel with the specimen was mixed 
by reverse blending the preparation rack several times.

This loading gel was photopolymerized for 30  min by 
the preparation light, and then each gel tube was removed 
from the preparation rack and carefully inserted into the 
silicone adapter of the upper chamber. One hundred mil-
liliters of electrolyte buffer solution were placed in the 
lower chamber, while 200 ml of this solution was placed 
in the upper chamber. The electrophoresis chamber lid 
was put in place and connected to the power source. The 
power source was adjusted to deliver a current of 3 mA 
per gel tube, and the samples were electrophoresed at 

500 V for 60 min. The power was turned off after the elec-
trophoresis was complete, the chamber lid was removed, 
and the electrolyte buffer in the upper chamber was dis-
carded. Finally, the gel tube was put into the preparation 
rack and analyzed.

MassARRAY SNP detection
The MassARRAY iPLEX Gold multiple genotyping analy-
sis system (Agena Bioscience, Inc.) was used, and the rea-
gents contained Agena PCR reagent, Agena SAP reagent, 
and Agena iPLEX reagent. For the test details, periph-
eral blood cell sediment was extracted following the rea-
gent’s protocol (TIANGEN, DP348). PCR mixtures were 
obtained via the Agena PCR reagent set and start PCR 
procedures, and then these mixtures were treated with 
shrimp alkaline phosphatase (SAP). After extending the 
reaction, the samples underwent desalination process-
ing and dispensing on the chip, were then analyzed by 
MALDI-TOF MS. MassARRAY primers are shown in 
Table 2.

Fig. 1  a Consort flow diagram. b The eleven gene polymorphisms detected in 352 T2DM patients (194 males and 158 females)
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Statistical analysis
Data were analyzed by GraphPad Prism 5 statistical 
software (GraphPad Software, Inc., San Diego, CA, 
USA). Figure 1b of 11 gene polymorphisms analysis of 
352 T2DM patients was by GraphPad Prism 5 statisti-
cal software. Figure 2a–c LDL-C subfraction detection 
were analysed by GraphPad Prism 5 statistical software 

and p value of < 0.05 was considered to indicate a statis-
tically significant difference. Figure 2d of ROC analysis 
for 352 T2DM patients and 48 healthy people was by 
GraphPad Prism 5 statistical software. Figure 3 LDL-C 
and sdLDL-C monitoring in T2DM patients was ana-
lysed by GraphPad Prism 5 statistical software, and p 
value of < 0.05 was considered to indicate a statistically 
significant difference.

Table 1  Participant information (prior to treatment)

T2DM patients (Mean ± SD) Healthy people (Mean ± SD)

Male (n = 194) Female (n = 158) All (n = 352) Male (n = 34) Female (n = 14) All (n = 48)

Age (year) 58.27 ± 12.44 63.52 ± 13.10 60.63 ± 12.99 45.82 ± 8.67 44.29 ± 6.07 45.38 ± 7.97

Body mass index (kg/m2) 26.31 ± 3.29 26.06 ± 4.79 26.20 ± 4.03 24.04 ± 1.94 22.96 ± 1.99 23.72 ± 1.99

LDL-1 (mg/dl) 17.68 ± 9.52 19.71 ± 9.82 18.59 ± 9.69 22.47 ± 11.59 25.93 ± 12.16 23.48 ± 11.74

LDL-2 (mg/dl) 21.33 ± 8.90 21.80 ± 8.90 21.54 ± 8.89 20.29 ± 5.71 21.64 ± 5.09 20.69 ± 5.52

LDL-3 (mg/dl) 12.79 ± 5.83 11.63 ± 6.50 12.27 ± 6.16 7.85 ± 4.55 7.86 ± 3.68 7.85 ± 4.28

LDL-4 (mg/dl) 6.65 ± 5.54 6.38 ± 5.35 6.53 ± 5.45 1.85 ± 2.72 1.71 ± 2.67 1.81 ± 2.68

LDL-5 (mg/dl) 3.47 ± 4.64 3.43 ± 4.14 3.45 ± 4.42 0 0 0

LDL-6 (mg/dl) 0.85 ± 1.41 0.71 ± 1.74 0.79 ± 1.55 0 0 0

LDL-7 (mg/dl) 0.29 ± 0.78 0.1 ± 0.45 0.20 ± 0.64 0 0 0

Total cholesterol (mmol/l) 4.45 ± 1.34 4.61 ± 1.04 4.54 ± 1.10 3.59 ± 0.72 3.96 ± 0.49 3.70 ± 0.68

Total triglycerides (mmol/l) 2.37 ± 1.80 2.86 ± 10.10 2.59 ± 6.89 1.42 ± 0.82 1.16 ± 0.42 1.34 ± 0.73

Plasma HDL-C (mmol/l) 1.12 ± 0.31 1.88 ± 8.34 1.46 ± 5.60 1.185 ± 0.27 1.33 ± 0.11 1.23 ± 0.24

Plasma LDL-C (mmol/l) 2.47 ± 0.86 2.58 ± 0.78 2.52 ± 0.83 2.04 ± 0.57 2.27 ± 0.44 2.11 ± 0.54

FBG (mmol/l) 8.42 ± 3.22 8.01 ± 3.25 8.24 ± 3.24 5.40 ± 1.08 4.88 ± 0.49 5.25 ± 0.97

SBP (mmHg) 141.95 ± 21.07 142.92 ± 18.68 142.39 ± 20.01 113.65 ± 12.66 109.64 ± 13.69 112.48 ± 12.95

DBP (mmHg) 86.19 ± 12.38 80.17 ± 12.04 83.49 ± 12.57 76.18 ± 7.24 75.86 ± 6.72 76.08 ± 7.03

Heart rate (bpm) 83.60 ± 14.22 82.55 ± 13.10 83.13 ± 13.72 80.29 ± 7.69 82.50 ± 7.06 80.94 ± 7.50

SCr (μmol/l) 74.50 ± 33.83 58.22 ± 21.33 67.17 ± 29.96 74.97 ± 11.15 60.93 ± 5.86 70.88 ± 11.76

Hcy (μmol/l) 14.20 ± 8.92 10.77 ± 3.82 12.66 ± 7.29 13.50 ± 3.49 11.76 ± 2.96 13.00 ± 3.41

GHb (%) 8.41 ± 1.77 8.59 ± 2.18 8.49 ± 1.96 4.94 ± 0.53 4.97 ± 0.55 4.94 ± 0.53

Table 2  MassARRAY primers

Gene SNP_ID Forward primer sequence Reverse primer sequence UEP sequence

HTR3B rs2276307 ACG​TTG​GAT​GAA​GTC​CCT​GTT​CTT​GGG​TGA​ ACG​TTG​GAT​GCT​TTG​GCC​TTC​TCT​CTT​GGG​ CTC​TTG​GGC​CAA​GGA​

APOE rs7412 ACG​TTG​GAT​GGC​CCC​GGC​CTG​GTA​CACTG​ ACG​TTG​GAT​GAC​CTG​CGC​AAG​CTG​CGTAA​ CGA​TGA​CCT​GCA​GAAG​

APOE rs429358 ACG​TTG​GAT​GGA​GCA​TGG​CCT​GCA​CCTCG​ ACG​TTG​GAT​GCT​GTC​CAA​GGA​GCT​GCAGG​ ATG​ACA​TGG​AGG​ACGTG​

CYP2C9*3 rs1057910 ACG​TTG​GAT​GAT​GCA​AGA​CAG​GAG​CCA​CAT​ ACG​TTG​GAT​GTG​TCA​CAG​GTC​ACT​GCA​TGG​ GTG​GGG​AGA​AGG​TCAA​

KIF6 rs20455 ACG​TTG​GAT​GCC​GGT​GAG​TTC​TCA​CCT​TAC​ ACG​TTG​GAT​GCG​ATC​ACA​CGA​AGC​CAT​TTC​ CTG​ACT​CCC​AGC​ATGAA​

HMGCR​ rs17238540 ACG​TTG​GAT​GGG​ACA​CAA​TGG​ATT​AGG​CTG​ ACG​TTG​GAT​GGA​GAC​TAT​GTA​TCA​CTC​ACC​ GGT​CTT​TTC​CAA​ACT​CTT​T

HMGCR​ rs17244841 ACG​TTG​GAT​GCA​CAC​CAT​TGC​ACA​TTG​CAC​ ACG​TTG​GAT​GCA​GGT​ATT​CAA​GAT​ACA​AAG​ AAG​TAT​GAT​TGT​AAT​ATA​AAG​GAT​TT

ABCB1 rs2032582 ACG​TTG​GAT​GGT​CTG​GAC​AAG​CAC​TGA​AAG​ ACG​TTG​GAT​GAG​TAA​GCA​GTA​GGG​AGT​AAC​ CCT​CTG​ACT​CAC​CTT​CCC​AG

HTR7 rs1935349 ACG​TTG​GAT​GGT​GTC​TGT​GGT​CAG​GTG​ATA​ ACG​TTG​GAT​GTA​TTT​CCT​TGG​CTG​CCA​GTC​ AAA​TAG​ATT​GTC​CAG​ACA​TGA​

SLCO1B1 rs4149056 ACG​TTG​GAT​GAA​TCT​GGG​TCA​TAC​ATG​TGG​ ACG​TTG​GAT​GCC​AAT​GGT​ACT​ATG​GGA​GTC​ CCC​AAG​CAT​ATT​ACC​CAT​GAAC​

CETP rs708272 ACG​TTG​GAT​GTG​TCT​GAG​ACC​CAG​AAT​CAC​ ACG​TTG​GAT​GTC​TTT​ACC​CCC​TGA​CTC​AAC​ CGG​CGC​AGA​TCT​GAA​CCC​TAACT​
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Results

Multitudinous gene polymorphisms in Chinese T2DM 
patients
Many studies have shown that gene polymorphisms 
influence T2DM therapeutic effects [17–24]. SNPs in 
the HTR3B, HTR7 or ABCB1 genes were associated with 
myalgia or liver injury [17, 23]. APOE and HMGCR​ muta-
tions were associated with LDL-C levels [18, 21]. CETP, 
KIF6, SLCO1B1, and CYP2C9*3 were related to the 
statin effect [19, 20, 22, 24]. To check genetic polymor-
phisms in Chinese T2DM patients, HTR3B (rs2276307, 
A > G), APOE (rs7412, c.526C > T), APOE (rs429358, 
c.388  T > C), CYP2C9*3 (rs1057910, c.1075A > C), KIF6 
(rs20455, c.2155  T > C), HMGCR​ (rs17238540, T > G), 
HMGCR​ (rs17244841, A > T), ABCB1 (rs2032582, 
c.2677G > T/A), HTR7 (rs1935349, C > T), SLCO1B1 
(rs4149056, c.521  T > C), and CETP (rs708272, G > A) 

were detected by the MassARRAY system before patients 
underwent statin therapy (Fig. 1b and Table 2).

All 11 mutation loci were checked; and we found all 
11 genes had heterozygous mutation, and 7 genes had 
homozygous mutation in T2DM patients (Fig.  1b and 
Additional file  2). KIF6 (rs20455, c.2155  T > C) had the 
highest heterozygous mutation (47.44%, n = 167), while 
ABCB1 (rs2032582, c.2677G > T/A) had the highest 
homozygous mutation (21.31%, n = 75) in these patients 
(Fig.  1b). These results reflected that gene polymor-
phisms were common in Chinese T2DM patients, and 
that gene polymorphism detection before treatment had 
a certain significance for patients. For instance, SLCO1B1 
was related to myopathy; this test result showed that 
SLCO1B1 (rs4149056, 521CC) was harbored by 9.09% 
(n = 32) of patients, and patients with this genotype 
had a high risk of myopathy and rhabdomyolysis [27]. 
SLCO1B1 (rs4149056, 521TC) was carried by 17.90% 
(n = 63) of patients, and these patients had a medium risk 

Fig. 2  LDL-C subfraction detection. a Detection rate of LDL-1 to LDL-7 subfractions in T2DM patients (n = 352) and healthy people (n = 48). b Mean 
amount of LDL-1 to LDL-7 subfractions in T2DM patients (n = 352) and healthy people (n = 48). c Expression of LDL-C and sdLDL-C in 352 T2DM 
patients before treatment and 48 healthy people. d ROC analysis of 352 T2DM patients and 48 healthy people for sdLDL-C, LDL-C, plasma LDL-C and 
plasma HDL-C. ANOVA, ***p < 0.001, **p < 0.01
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of myopathy and rhabdomyolysis, with statins tolerated 
at a medium dose (Fig. 1b). 2019 ESC/EAS guidelines for 
the management of dyslipidemia indicates that CYP2C8, 
CYP2C9, CYP2C19, and CYP2D6 are frequently involved 
in the metabolism of statins [28]. In this study, CYP2C9*3 
(rs1057910, c.1075A > C) AA, AC, and CC genotypes 
were carried by 89.77%, 10.23%, and 0% of the patients, 
respectively, and the AC genotype was associated with 
a high risk of myopathy after fluvastatin was used [19]. 
Therefore, genotype evaluation is strongly necessary 
evaluation for T2DM patients before treatment therapy.

sdLDL‑C subfractions had superior property in T2DM 
screening.
Previous studies found that sdLDL-C levels were sig-
nificantly higher in diabetes patients than in nondia-
betic individuals [13, 14]. To determine the expression 
of LDL-C and sdLDL-C in T2DM patients and healthy 
people, the Quantimetrix Lipoprint system was used for 

plasma sample analysis following the protocol. In total, 
400 subjects were analyzed, including 352 T2DM patients 
and 48 healthy people. The detection rates of the LDL-1, 
LDL-2, LDL-3, LDL-4, LDL-5, LDL-6, and LDL-7 sub-
fractions in T2DM patients were 100%, 99.72%, 99.15%, 
76.99%, 26.70%, 3.69%, and 1.14%, while those in healthy 
people were 100%, 100%, 97.92%, 54.17%, 0%, 0%, and 0%, 
respectively (Fig. 2a). The strong CVD risk factor LDL-5 
to LDL-7 existed in T2DM patients, were not found in 
healthy people (Fig. 2a).

Then LDL-C expression were analyzed, the mean 
amounts of LDL1-C to LDL7-C in T2DM patients were 
18.59  mg/dl, 21.54  mg/dl, 12.27  mg/dl, 6.53  mg/dl, 
3.45 mg/dl, 0.79 mg/dl, and 0.20 mg/dl, while these sub-
fractions in healthy people were 23.48 mg/dl, 20.69 mg/
dl, 7.85 mg/dl, 1.81 mg/dl, 0 mg/dl, 0 mg/dl, and 0 mg/
dl (Fig.  2a and Table  1). Further analysis revealed that 
Pattern A, which consisted by LDL-1 and LDL-2, had no 
obvious difference between T2DM patients and healthy 

Fig. 3  LDL-C and sdLDL-C monitoring in T2DM patients. a A total of 352 T2DM patients (194 males and 158 females) underwent detection. b 
Expression of LDL-C and sdLDL-C in 352 T2DM patients before treatment and after treatment. ANOVA, ***p < 0.001. c LDL-C was detected in 10 
T2DM patients (6 males and 4 females) before treatment and after treatment. d sdLDL-C was detected in 10 T2DM patients (6 males and 4 females) 
before treatment and after treatment. The numbers 1 to 10 represent patients 1 to 10
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people. Predictable, Pattern B, composited by LDL3-C to 
LDL7-C, which was known as sdLDL had higher expres-
sion in T2DM patients than healthy people and had obvi-
ous differences (p < 0.001) (Fig.  2c). This result further 
confirmed that sdLDL was the high-risk T2DM factor.

To determine screening effect for T2DM, sdLDL-C, 
LDL-C, plasma LDL-C and plasma HDL-C of the 352 
T2DM patients and 48 healthy people were analyzed by 
receiver operating characteristic (ROC) curve analysis. 
The area under the curve (AUC) of these four biomark-
ers in 352 T2DM patients and 48 healthy people were 
0.7322, 0.5699, 0.5444 and 0.6269 respectively (Fig.  2d), 
and sdLDL-C had the highest value compared to the 
other three biomarkers. Therefore, sdLDL-C was highly 
expressed in T2DM patients and had superduper screen-
ing effect.

LDL‑C and sdLDL‑C had excellent monitoring performance 
on T2DM therapy
To verify the clinical value of LDL-C and sdLDL-C on 
T2DM therapy monitoring, these two biomarkers were 
detected and analyzed for 352 T2DM patients (194 males 
and 158 females) on the condition of prior treatment 
and after treatment remission. Total 352 T2DM patients 
were suffered drug therapy, and the guidance and remis-
sion evaluation criteria were referencing Guidelines 
for the Prevention and Treatment of Type 2 Diabetes in 
China (2017 Edition). Before treatment and anesis after 
treatment LDL-C and sdLDL-C were analyzed, after 352 
T2DM patients alleviating, coincidence rate of decreas-
ing LDL-C accounted for 88.35% (311/352), while coinci-
dence rate of decreasing sdLDL-C was 84.09% (296/352), 
and there was no significant difference between these 
two values (Fig. 3a).

Next, the expression levels of total 352 T2DM patients 
before and after treatment of LDL-C and sdLDL-C were 
analyzed, found the expression of posttreatment LDL-C 
and sdLDL-C were reduced compared with prior treat-
ment, and had significant difference (p < 0.001) (Fig. 3b). 
The results showed that LDL-C and sdLDL-C were 
good indicators for T2DM treatment effect evaluation. 
In order to accurately reflect the expression changes of 
LDL-C and sdLDL-C in the process of disease remission, 
10 T2DM patients (6 males and 4 females) were ran-
domly selected. Both the expression levels of LDL-C and 
sdLDL-C were decreased after disease remission (Fig. 3c, 
d). Therefore, LDL-C and sdLDL-C may be used as excel-
lent monitoring biomarkers for T2DM therapy.

Discussion
Statins are currently effective in the treatment of T2DM 
and lowering blood lipids [15, 16, 29]. Polymorphisms of 
multiple genes that may be associated with therapeutic 

efficacy were detected by the Agena Bioscience MassAR-
RAY system before patient treatment [25]. The research 
showed that CYP2C9*3 (1075A > C) is concerned with the 
fluvastatin pharmacokinetics in Chinese individuals [19], 
HMGCR​ mutations cause total cholesterol and LDL-C 
levels to decrease [21], and the SLCO1B1 c.521 T > C var-
iant distinctly increases exposure to simvastatin acid [22].

In this study, 11 gene mutation loci were checked, we 
found all 11 genes had heterozygous mutation, 7 genes 
had homozygous mutation (Fig.  1b). KIF6 (rs20455, 
c.2155  T > C) had the highest heterozygous mutation 
(47.44%), ABCB1 (rs2032582, c.2677G > T/A) had the 
highest homozygous mutation (21.31%) in these 352 
T2DM patients (Fig.  1b). In addition, 17.90% (n = 63) 
SLCO1B1 (rs4149056, 521TC), 9.09% (n = 32) SLCO1B1 
(rs4149056, 521CC) existed in these patients (Fig.  1b), 
and patients with these genotypes had a medium and 
high risk of myopathy and rhabdomyolysis, respec-
tively [27]. 10.23% patients had CYP2C9*3 (rs1057910, 
1075AC) and had a high risk of myopathy after fluvas-
tatin was used [19] (Fig.  1b). The numerous mutations 
identified suggest that polymorphism testing is necessary 
for T2DM patients before treatment to achieve the best 
therapeutic schedule.

Previous researches showed that diabetes patients had 
higher sdLDL-C level [12, 13], in our study, this result 
was confirmed. The LDL-C and sdLDL-C subfractions of 
352 T2DM patients and 48 healthy people were analyzed, 
Pattern A had no obvious difference between T2DM 
patients and healthy people while Pattern B had higher 
expression in T2DM patients and had obvious differences 
(p < 0.001) (Fig. 2c). This result was consistented with pre-
vious research [9–11]. Based on ROC analysis, sdLDL-C 
had the best screening performance in distinguishing 
T2DM patients from healthy people (AUC = 0.7322), 
compared to LDL-C, plasma LDL-C and plasma HDL-C 
(Fig.  2d). This consequence further demonstrated that 
sdLDL-C was is an effective indicator for T2DM risk 
monitoring. Meanwhile, there were 48 healthy samples 
and fewer than T2DM samples. Even so, the LDL-C and 
sdLDL-C detection results of these 48 healthy people 
were similar to our previous study, which included 100 
healthy samples (the result didn’t show). Hence, despite 
healthy samples were fewer, it didn’t affect the accuracy 
of the result.

Then the therapy monitoring efficacy of LDL-C and 
sdLDL-C were explored, for patients whose treat-
ment was effective had lower LDL-C levels [30]. After 
treatment following Guidelines for the Prevention 
and Treatment of Type 2 Diabetes in China (2017 
Edition) and patients were in remission, the coinci-
dence rates of decreases in LDL-C and sdLDL-C were 
88.35% (311/352) and 84.09% (296/352), respectively, 
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in contrast to the expression changes in LDL-C and 
sdLDL-C (Fig.  3a), consistent with previous stud-
ies [31–33]. We also performed dynamic analysis 
of LDL-C and sdLDL-C expression in 10 randomly 
selected patients; although reduction differed, all 
patients showed a downward trend (Fig. 3c, d). There-
fore, LDL-C and sdLDL-C could be effective monitor-
ing indicators for T2DM.

Conclusion
In conclusion, combined multigene screening and 
LDL-C and sdLDL-C subfractions detection could help 
effectively adjust the therapeutic strategy for T2DM 
patients before treatment and help monitor the thera-
peutic effect after treatment.
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