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Abstract

Background: To explore clinical characteristics and beta cell function in Chinese patients with newly diagnosed
drug naive type 2 diabetes mellitus (T2DM) with different levels of serum triglyceride (TG).

Methods: Patients with newly diagnosed T2DM (n = 624) were enrolled and divided into different groups according
to levels of serum TG. All patients underwent oral glucose tolerance tests and insulin releasing tests. Demographic data,
lipid profiles, glucose levels, and insulin profiles were compared between different groups. Basic insulin secretion
function index (homeostasis model assessment for beta cell function index, HOMA-B), modified beta cell function
index (MBCI), glucose disposition indices (DI), and early insulin secretion function index (insulinogenic index, IGl)
were used to evaluate the beta cell function.

Results: Patients of newly diagnosed T2DM with hypertriglyceridemia were younger, fatter and had worse lipid
profiles, glucose profiles, and high insulin levels than those with normal TG. There is no difference in early phase
insulin secretion among groups of newly diagnosed T2DM patients with different TG levels. The basal beta cell
function (HOMA- and MBCI) initially increased along rising TG levels and then decreased as the TG levels rose
further. The insulin sensitivity was relatively high in patients with a low level of TG and low with a high level of
TG.

Conclusions: Hypertriglyceridemia influences clinical characteristics and (3 cell function of Chinese patients with
newly diagnosed T2DM. A better management of dyslipidemia may, to some extent, reduce the effect of lipotoxicity,

thereby improving glucose homeostasis in patients with newly diagnosed T2DM.
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Background

Type 2 diabetes mellitus (T2DM), a chronic metabolic
disease, has become a serious issue in China with in-
creasing incidences over the past decades. Insulin resist-
ance and impaired insulin secretion are considered as
primary pathophysiological factors in the development
of T2DM [1]. The UK Prospective Diabetes Study has
shown that the P cells function begins deteriorating be-
fore T2DM diagnosis and often years before the patients
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presenting clinical symptoms [2,3]. In most patients with
T2DM, the metabolic control and 3 cell function pro-
gressively deteriorate as the duration of diabetes in-
creases [4,5]. Because the P cell function declines with
diabetic duration, patients with newly diagnosed drug
naive T2DM would be suitable subjects of T2DM study.
Hyperlipidemia, an increase of total cholesterol (TC)
and/or triglycerides (TGs) in the serum, is one of the
most common T2DM related comorbidities [6]. Diabetic
dyslipidemia is characterized by moderately increased
TG levels and reduced high density lipoprotein-
cholesterol (HDL-C), which is a well-recognized causes
for atherosclerotic cardiovascular diseases [7,8]. In our
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previous studies, we found that the mice with heterozy-
gous lipoprotein lipase (LPL) deficiency with a rising
serum TG display a disorder of glucose metabolism and
deterioration of [ cells function [9]. Therefore, it is im-
portant to investigate the role of lipid profiles in pa-
tients with newly diagnosed T2DM and whether the
different TG levels influence the glucose control and insu-
lin secretion. Several studies have reported the characteris-
tics of newly diagnosed T2DM; however, very few focused
on the relationship between TG and newly diagnosed
T2DM. We hypothesized that newly diagnosed T2DM pa-
tients with high serum TG level might have worse clinical
characteristics and more deteriorated [ cells function than
patients with normal TG level. Hence, in the present study,
we examined the clinical characteristics and B cells func-
tion in patients with newly diagnosed drug naive T2DM
with different levels of TG.

Methods

Patients

Patients with newly diagnosed T2DM (n = 624) were en-
rolled in the study between January 2008 and December
2009 in Renji Hospital, School of Medicine, Shanghai
Jiaotong University, Shanghai, China. All patients had
been diagnosed with T2DM within 5 months before the
study enrollment and none of them have received drug
treatment for T2DM. The diagnosis of T2DM was based
on WHO diagnostic criteria established in 1998 [10].
The patients were firstly divided into normal serum
TG(newly diagnosed T2DM with TG up to 1.70 mmol/
L, n = 348)and high serum TG (newly diagnosed T2DM
with TG over 1.70 mmol/L, n = 276)and further divided
into four sub-groups according to the quartile of serum
TG (Group 1: newly diagnosed T2DM with TG up to
1.13 mmol/L, n=152; Group 2: newly diagnosed T2DM
with TG of 1.14 to 1.56 mmol/L, n = 158; Group 3: newly
diagnosed T2DM with TG of 1.57 to 2.27 mmol/L, n=
158; and Group 4: newly diagnosed T2DM with TG of
2.28 to 11.65 mmol/L, n = 156). The study was carried out
in compliance with the declaration of Helsinki. The study
protocol was approved by the Ethical Committee of Renji
Hospital, School of Medicine, Shanghai Jiaotong Univer-
sity, Shanghai, China (Number: Renjikls N026). Written
informed consent for participation in the study was ob-
tained from participants.

Data collection

The patients demographic data and clinical data were col-
lected including age, sex, body height, weight, waist cir-
cumference (WC), systolic blood pressure (SBP), diastolic
blood pressure (DBP), and levels of TG, TC, HDL-C, low
density lipoprotein-cholesterol (LDL-C), fasting plasma
glucose (FPQ), 2 h postprandial glucose (2hPG), serum
insulin concentrations at different time point, and
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hemoglobin Alc (HbAlc). Blood pressure was measured
after 30 minutes of rest. The body mass index (BMI) was
calculated as weight (kg) divided by the square of height
(m?). Plasma lipid profiles were determined using fully
automatic biochemistry analyzer (Hitachi 7020, Hitachi
Co., Tokyo, Japan). A standard oral glucose tolerance
test (75 g glucose load) and insulin releasing tests were
performed after a 10-hour overnight fast. Plasma samples
were obtained at 0, 30, 60, 120, and 180 minutes to meas-
ure glucose (Hitachi 7600-110, Hitachi Co.) and insulin
(immunoradiometric assay kit, Dainabot, Tokyo, Japan)
concentrations. The HbA1c levels were measured using a
high-performance liquid chromatography.

The parameters including basic insulin secretion func-
tion index (homeostasis model assessment for 3 cell func-
tion index, HOMA-f), modified beta cell function index
(MBCI), glucose disposition indices (DI), and early insulin
secretion function index (insulinogenic index, IGI) were
used to evaluate P cell function. Insulin sensitivity was es-
timated by homeostasis model assessment for insulin re-
sistance (HOMA-IR) and insulin action index (IAI). The
respective formulas for calculating the above men-
tioned parameters were as follows: HOMA- = 20x Io/
(Go-?).s); MBCI = IO X Go/(G120 + G60-7); DI = IGI/HOMA-
IR; IGI = 2139/ 2G3p; HOMA-IR = Ipx Go/22.5; and IAI=1 /
(I x Gg), wherein, Iy (uU/mL) denotes fasting plasma insu-
lin, I3y insulin level at 30 minutes after glucose load,
Go(mmol/L) fasting plasma glucose, G3p plasma glucose
level at 30 minutes after glucose load, Gg, plasma glucose
level at 60 minutes after glucose load, and G154 plasma glu-
cose level at 120 minutes after glucose load.

Statistical analysis

Normality was tested using the one-sample Kolmogorov-
Smirnov criterion. Non-normally distributed data were
log transformed before analysis. Data were expressed as
mean * standard deviation for normally distributed vari-
ables and as median (Interquartile range was 25-75%) for
skewed variables. Independent-samples ¢ test and one-way
analysis of variance test were used for normality distrib-
uted data. Mann—Whitney U test and Kruskal-Wallis H
test were used for non-normal distributed data and alpha
level was adjusted to reduce the error risk. A P value
of <0.05 was considered statistically significant. All
statistical analyses were performed using the SPSS stat-
istical package (Version 17.0, SPSS Inc., USA)

Results

The comparison of the demographic and basic data
among patients of newly diagnosed T2DM with normal
and high levels of serum TG

Clinical data and baseline characteristics of patients with
normal and high serum TG are presented in Table 1.
The male/female ratio had no significant difference among
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Table 1 Demographic and clinical data of newly diagnosed
T2DM patients with normal and high levels of triglyceride

High TG Group
(TG >1.70 mmol/L)

Normal TG Group
(TG <1.70 mmol/L)

(N =348) (N =276)
Male/Female 163/185 143/133
Age (years) 5598+ 11.78 53.64 + 12.04*
BMI (kg/mz) 24.60 £+ 3.85 2594 +4.20*%
WC (cm) 8642+ 931 90.06 + 9.66*
SBP (mmHg) 13145+17.95 132.82+15.62
DBP (mmHg) 8136+10.72 83.83+9.10%
Lipid profiles
TG (mmol/L) 1174032 281+133*
TC (mmol/L) 4.85+093 542 +1.19%
HDL-C (mmol/L) 142+039 120+ 0.28*
LDL-C (mmol/L) 3.04+074 341+088*

Glucose profiles
FPG (mmol/L)
2hPG (mmol/L)
HbA1c (%)

HbA1c (mmol/mol)

6.80 (6.30, 7.90)
13.96£355

6.60 (6.00, 7.60)
48.63 (42.08, 59.56)

7.20 (6.20, 8.52)
14.57 £3.84*

7.00 (6.30, 8.60)*
53.01 (45.36, 70.49)*

Insulin secretion

INSO (ulU/mL) 10.74 £ 8.20 11.79+779

INS30 (ulU/mL) 2707 £23.26 32.34+2832*%
INS60 (ulu/mL) 41.56+31.06 48.50 + 36.98%
INS120 (ulU/mL) 49.68 £3257 5857 +41.25%
INS180 (ulU/mL) 330042393 37.59 £ 27.42*%

Data were expressed as mean + standard deviation for normal distribution and
as median (Interquartile range 25-75%) for skewed variables.

BMI: body mass index; WC: waist circumference; SBP: systolic blood pressure;
DBP: diastolic blood pressure; TG: triglyceride; TC: total cholesterol; HDL-C: high
density lipoprotein-cholesterol; LDL-C: low density lipoprotein-cholesterol; FPG:
fasting plasma glucose; 2hPG: 2 h postprandial glucose; HbA1c: hemoglobin
A1c; INSO: fasting insulin; INS30: 30 minutes postprandial serum insulin; INS60:
60 minutes postprandial serum insulin; INS120: 120 minutes postprandial
serum insulin; INS180: 180 minutes postprandial serum insulin;

Group was defined by the level of serum TG. Normal TG Group: newly
diagnosed T2DM with TG up to 1.70 mmol/L; High TG Group: newly diagnosed
T2DM with TG over 1.70 mmol/L;

“P < 0.05 versus Group 1.

two groups (46.84% and 51.81% for normal TG and high
TG groups, respectively; P = 0.274). Patients of newly diag-
nosed T2DM with high TG levels were younger than
patients with normal TG level (55.98 + 11.78 and 53.64 +
12.04 years for normal TG and high TG Groups, respect-
ively; P < 0.05) and their diastolic blood pressure (high TG
Group) was higher than that in patients with normal TG
levels (81.36 +£10.72 and 83.83 £ 9.10 mmHg for normal
TG and high TG groups, respectively; P < 0.05); however,
no significant difference in systolic blood pressure was
found between two groups. Compared to patients with
normal serum TG levels, patients of newly diagnosed
T2DM with high levels of TG were much fatter with
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higher BMI and WC (BMI: 24.60 + 3.85 and 25.94 +
4.20 kg/m?* for normal and high TG groups, respectively;
P <0.05; WC: 86.42 £ 9.31 and 90.06 + 9.66 cm for normal
and high TG groups, respectively; P < 0.05). These data in-
dicate that the patients of newly diagnosed T2DM with
higher level of TG were younger and fatter than patients
with normal TG levels.

The comparison of lipid profiles among patients of newly
diagnosed T2DM with normal and high levels of serum TG
We compared levels of TC, LDL-C and HDL-C between
patients of newly diagnosed T2DM with normal and high
TG levels (Table 1). Compared to patients of newly diag-
nosed T2DM with normal TG levels, patients of newly di-
agnosed T2DM with high level of TG had higher levels of
TC (4.85+0.93 and 5.42 +1.19 mmol/L for normal and
high TG groups, respectively; P <0.05), LDL-C (3.04 +
0.74 and 3.41+0.88 mmol/L for normal and high TG
groups, respectively; P < 0.05) and lower level of HDL-C
(1.42 £ 0.39 and 1.20 + 0.28 mmol/L for normal and high
TG groups, respectively; P < 0.05). We concluded that the
patients of newly diagnosed T2DM with high level of TG
had worse lipid profiles than the patients with normal TG
level.

The comparison of glucose and insulin profiles among
patients of newly diagnosed T2DM with normal and high
levels of serum TG

Compared to patients with normal TG levels, patients
with high TG levels had the higher levels of 2hPG and
HbAlc (P<0.05). We also performed insulin releasing
tests by measuring serum insulin concentrations at vari-
ous time points after patients were given 75 g glucose
orally (Figure 1). We found that serum insulin concen-
trations after glucose load were significantly higher in
patients with high TG than in patients with normal TG,
suggesting that patients of newly diagnosed T2DM with
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Figure 1 Serum insulin concentration curves in insulin releasing
tests. These tests were done in patients of newly diagnosed T2DM
with normal and high serum triglyceride levels. Normal TG means serum
TG concentration < 1.70 mmol/L and high TG means >1.70 mmol/L,
* means P < 0.05.
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high serum TG may have developed insulin resistance.
These data indicate that patients of newly diagnosed
T2DM with high level of TG have a worse glucose pro-
files and higher level of insulin.

The comparison of 3 cell function and insulin sensitivity
among patients of newly diagnosed T2DM with different
levels of serum TG

To evaluate relationship between B cell function, insulin
sensitivity and serum TG levels, we divided patients into
four groups according to the quartile of serum TG levels
(details in Method, results showed in Table 2). Com-
pared with patients in Groups 1 and 4, patients in Group
3 had the highest HOMA-f level (1.76 + 0.38, P < 0.05),
which, however, was not significantly different from that
found in Group 2 patients (Figure 2a). Patients from
Group 1 had the lowest level of MBCI (P < 0.05). How-
ever, there were no significant differences in MBCI levels
among other groups (Figure 2b). No significant differences
in IGI and DI levels were found among four groups
(Figure 2c,d). The HOMA-IR and IAI were used to esti-
mate the insulin sensitivity. Compared with Group 1,
the HOMA-IR levels were elevated in Groups 2, 3, and
4 (P <0.05); however, no significant differences were
found among Groups 2, 3, and 4 (Figure 2e). In con-
trast, the IAI levels were significantly lower in Groups
2, 3, and 4 than in Group 1 (P <0.05). Again, no signifi-
cant differences in IAI levels were found among Groups
2, 3, and 4 (Figure 2f). In summary, there are no differ-
ences in early phase insulin secretion among patients of
newly diagnosed T2DM with different levels of serum
TG. The basal B cell function (HOMA-B and MBCI) in-
creased initially along with the rising of TG levels and
then decreased as the serum TG level rose further. In-
sulin sensitivities were relatively high in patients with low
level of TG and low in patients with high level of TG.
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Discussion

Patients with T2DM are common to have lipid disorders.
In the present study, we found that patients of newly di-
agnosed T2DM with higher level of TG were younger
and fatter. These patients had worse lipid profiles and
glucose profiles than did patients with normal TG levels.
Moreover, the basal P cell function initially increased
along with rising TG levels and then decreased as the
TG levels rose further. Insulin sensitivities were rela-
tively high in patients with low TG levels and low in pa-
tients with higher TG levels.

Type 2 diabetes, a heterogeneous disorder characterized
by impaired insulin secretion and insulin resistance, is
closely related to obesity [11]. BMI and WC usually serve
as parameters to estimate the general and abdominal fat
masses [12]. Several studies have reported that BMI was
positively associated with an endogenous insulin secretion
as assessed by serum C-peptide response in T2DM [13,14].
In addition, BMI has been suggested to be positively asso-
ciated with the decreased insulin sensitivity in T2DM [15].
Although the BMI represents the degree of overweight and
obesity, it fails to represent the body fat distribution. Vis-
ceral fat tissue is metabolically more active than non-
visceral fat and secretes more hormones and cytokines,
which promotes the development of insulin resistance and
T2DM [16]. WC measurement is a simple means assessing
the levels of visceral fat. Increased WC is closely associated
with the increased risk of diabetes [17].

The findings in our present study are consistent with
previous reports. We observed that the TG levels rise in
patients as BMI and WC increase. Similarly, MBCI and
HOMA-IR increase along with raising TG levels, which
suggest that BMI and WC were positivity associated with
insulin secretion and negativity associated with insulin
sensitivity.

Several studies have demonstrated that the abnormal-
ities in lipid profiles of patients with diabetes such as

Table 2 B Cell function and Insulin Sensitivity of newly diagnosed T2DM with different levels of TG

Group1 (0-25%)

Group2 (25%-50%)

Group3 (50%-75%) Group4 (75%-100%)

B Cell Function

HOMA-B 47.83 (3262, 71.70) 55.03 (35.28, 86.35)
MBCI 2.76 (167, 3.77) 333 (2.13, 5.26)*
IGI 239 (1.14, 4.78) 2.79 (093, 5.60)

DI 1.05 (0.44, 1.96) 097 (0.32, 1.94)

Insulin Sensitivity
HOMA-IR 249 (1.70, 3.59)
IAl 0.0178 (0.012, 0.026)

3.06 (2.10, 4.62)*
0.0145 (0.010, 0021)*

66.14 (3647, 95.63)*
3.19 (2.38, 5.46)*
340 (1.09, 8.14)
1.08 (0.32, 2.49)

5239 (3142, 8252)"
359 (2.32, 5.13)*
2.81 (082, 6.02)
0.84 (0.25, 1.83)

3.05 (2.22, 486)*
0.0146 (0.010, 0.020)*

3.15 (241, 487)*
0.0141 (0.010, 0.019)*

Data were expressed as median (Interquartile range 25-75%) for skewed variables.

HOMA-B: homeostasis model assessment of B cell function; MBCl: modified beta cell function index; IGI: early insulin secretion function index; DI: glucose
disposition indices; HOMA-IR: homeostasis model assessment of insulin resistance; IAl: insulin action index; T2DM: type 2 diabetes mellitus.

Group was defined by the quartile of serum TG. Group 1: newly diagnosed T2DM with TG up to 1.13 mmol/L; Group 2: newly diagnosed T2DM with TG of 1.14 to
1.56 mmol/L; Group 3: newly diagnosed T2DM with TG of 1.57 to 2.27 mmol/L; and Group 4: newly diagnosed T2DM with TG of 2.28 to 11.65 mmol/L.

*P < 0.05 versus Group 1; *P <0.05 versus Group 2; *P < 0.05 versus Group 3.
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Figure 2 (3 cell function and insulin sensitivity. (a): Log HOMA-3 (homeostasis model assessment of (3 cell function) level in patients of newly diagnosed
type 2 diabetes mellitus (T2DM) with different level of triglyceride (TG); (b): Log modified beta cell function index (MBCI) level in patients of
newly diagnosed T2DM with different level of TG; (c): Glucose disposition indices (DI) level in patients of newly diagnosed T2DM with different
level of TG; (d): Early insulin secretion function index (IGl) level in patients of newly diagnosed T2DM with different level of TG; (e): Log HOMA-IR
(homeostasis model assessment of insulin resistance) level in patients of newly diagnosed T2DM with different level of TG; (f): Insulin action index (IAl)
level in patients of newly diagnosed T2DM with different level of TG. Group was defined by the quartile of serum TG. Group 1: newly diagnosed T2DM
with TG up to 1.13 mmol/L; Group 2: newly diagnosed T2DM with TG of 1.14 to 1.56 mmol/L; Group 3: newly diagnosed T2DM with TG of 1.57 to
2.27 mmol/L; and Group 4: newly diagnosed T2DM with TG of 2.28 to 1165 mmol/L. *P < 0.05 versus Group 1; P < 0.05 versus Group 2; *P < 0.05
versus Group.

decreased levels of HDL-C, increased levels of the TC,
TG, LDL-C, and very-low-density lipoprotein (VLDL)-C
are associated with high insulin resistance [7,18]. Some
mechanisms whereby insulin resistance could cause
an alteration in lipid metabolism have been described
[19-21]. Hyperinsulinemia is known to enhance the hep-
atic VLDL synthesis and thus may directly contribute to
increased plasma TG and LDL-C levels [19]. Resistance to
the action of insulin on lipoprotein lipase in peripheral tis-
sues may also contribute to the elevated TG and LDL-C
levels [21]. It has been suggested that insulin resistance

may be responsible for low levels of HDL-C observed in
patients with T2DM. Moreover, lipotoxicity could be one
of the most important causes for T2DM. Hermans et al.
[22] reported that T2DM patients with a high ratio of log
(TG)/HDL-C, used to evaluate the plasma atherogenic
index, tend to have a high loss rate of insulin secretion
and P cell function. Therefore, a lower ratio of log (TG)/
HDL-C could be beneficial to glucose control. Imamura
et al. [23] have indicated that higher levels of TG
(21.69 mmol/L) and FPG (5.5-7.0 mmol/L) are associ-
ated with a higher risk of DM preceded predominantly
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by B cell dysfunction. This may be attributed to that ex-
cessive plasma TG lead to elevated levels of circulating
free fatty acids (FFAs) which causes the impairment of
the B cell function. In our previous clinical studies, we
found increased plasma triglyceride and free fatty acid
levels are frequently associated with T2DM. LPL gene
mutations contribute to the hypertriglyceridemia ob-
served in T2DM patients [24,25]. In our animal experi-
ments, we found LPL (+/-) mice with high serum TG
level had worse glucose homeostasis and more serious
insulin resistance in many insulin target tissues (liver,
muscle, subcutaneous fat and ventral fat) than wild type
mice with normal TG level[9]. In agreement, our data
showed that the patients of newly diagnosed T2DM with
higher levels of TG had higher levels of TC and LDL-C
and lower levels of HDL-C. In addition, HOMA-( was in-
creased initially and then decreased with the rising TG
levels, consisting with the symptoms of dysfunction of
cells.

The glucotoxicity generated by hyperglycaemia is com-
monly thought to be the fundamental acquired factor caus-
ing continuous decline of P cell function in T2DM [2,26].
Sustained hyperglycaemia reduces the [ cell function
through several ways, such as the increase of oxidative
stress, activation of c-Jun N-terminal kinase pathway
through activated p38 mitogen-activated protein kinase
and protein kinase C, the reduction of the pancreatic
and duodenal homeoboxfactor-1 function, and the re-
duction of ERp46 expression [27-29]. A previous study
[30] involving young adults (n = 223) with FPG < 126 mg/
dL who underwent an evaluation of first and second phase
insulin secretion during a 2 h hyperglycemic clamp found
that the impairment in B cell function relative to insulin
sensitivity was apparent even within the FPG range of
those without diabetes; at the cutoff of FPG 100 mg/dL,
there was an approximately 49% decline in the DI In
agreement, we observed that the patients with higher
levels of TG had higher levels of TC, FPG, 2hPG, and
HbA1c and significantly reduced levels of HOMA-J than
other three groups. However, we did not observe signifi-
cant differences in IGI and DI levels among all four
groups of patients. This discrepancy may be due to differ-
ences in races of the patients and the limitations of study
design.

Several studies have shown that the significance of in-
sulin resistance and insulin secretion defect to diabetes
development is linked to patients’ race. For example, the
increased insulin resistance to diabetes development is a
more prominent factor in Pima Indians, Mexican Ameri-
cans and Caucasians; whereas the contribution of im-
paired insulin secretion is a more important factor in
Japanese patients [31-33]. It is also reported that the [
cell capacity is relatively lower in Asian than that in
Western individuals [34-37]. Ma et al. [23] indicated that
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the Chinese patients of newly diagnosed T2DM with
hyperlipidemia were younger and had declined HOMA-
B; however, there were no differences in HOMA-IR and
quantitative insulin sensitivity check index. Qian et al.
[38] indicated that the early diabetes was more specific-
ally characterized by declined insulin secretion rather
than impaired insulin sensitivity. In the present study,
though the insulin concentration curves indicate that
patients with high TG level had a very obvious insulin
resistance, a more detailed analysis with additional divi-
sions of TG levels showed that the B cell function in-
creases with the rising TG levels at the early phase, but
later decreases as the TG levels further rise. Insulin re-
sistance doesn’t deteriorate as the TG levels further
rise. Taken together, therefore, we propose that insulin
secretion dysfunction, rather than insulin resistance, may
play an important role in the progression of T2DM in
Chinese patients.

Conclusions

Our data indicate that hypertriglyceridemia influences
clinical characteristics and P cell function in Chinese
patients with newly diagnosed T2DM. A better manage-
ment of dyslipidemia may, to some extent, reduce the ef-
fect of lipotoxicity to diabetes, whereby improving glucose
homeostasis in patients with newly diagnosed T2DM.
STROBE Statement has been included as an Additional
file 1.
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