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ABSTRACT
Objective: Type 2 diabetes (T2DM) is characterized by the progressive deterioration of pancreatic 
islet β-cell function over time and insulin resistance. Knowing more about the differences in 
pancreatic islet function in T2DM patients who have had diabetes for different lengths of time can 
help improve therapy for T2DM. Subjects and methods: We conducted a cross-sectional study to 
compare islet β-cell function and insulin resistance in T2DM patients (n = 3,254) who had had diabetes 
for different lengths of time and those in normal controls (n = 794) using ANOVA and LSD analysis. 
Results: We found that compared with that in normal controls, HOMA-β in T2DM patients with a 
history of diabetes of less than 1 year was lower (approximately 52% of that of normal controls, p = 
0.003), while HOMA-IR in these patients was higher (approximately 50% of that of normal controls,  
p = 0.007). Compared with that in other diabetic patients, HOMA-β in patients with a history of 
diabetes of more than 30 years was the lowest. HOMA-IR in patients with a history of diabetes of 
between 20 and 30 years was lower than that in other diabetic patients (p < 0.05). Conclusions: There 
were obvious decreases in HOMA-β and increases in HOMA-IR in T2DM patients with a history of 
diabetes of less than 1 year compared with those in normal controls. Therefore, early screening and 
intervention for T2DM might help improve islet function and delay the progression of diabetes. Arch 
Endocrinol Metab. 2019;63(3):222-7
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INTRODUCTION

T ype 2 diabetes (T2DM) is a major global health 
issue with an incidence of more than 9.7% in China 

(1). According to a report from the American Diabetes 
Association (ADA, Philadelphia, PA, USA), the total 
number of Americans living with diabetes will increase 
64% by 2025 (2). Moreover, diabetic complications, 
such as kidney failure and cardiovascular diseases, can 
decrease the quality of life and limit the regular activity 
and productivity of individuals with T2DM (3).

T2DM is characterized by the progressive 
deterioration of islet β-cell function over time and 
insulin resistance. Initially, islet β cells increase insulin 
secretion to meet insulin demand, but gradually 
they cannot compensate for insulin resistance, and 

hypoinsulinism and hyperglycemia appear (4). Autopsy 
studies demonstrated a 63% reduction in the islet mass of 
T2DM patients compared to the islet mass of matched 
normal controls (5). Subjects with impaired fasting 
glucose (IFG) were shown to have a reduction of 40% 
of relative β-cell volume, suggesting that loss of β-cell 
mass was present at early stages of T2DM (5). It was also 
reported that β-cell mass was already reduced by 50% at 
the time of diagnosis of T2DM and that it continued 
to decline throughout the course of T2DM (6). The 
reduced β-cell mass was not due to reduced formation of 
islets or regeneration but was caused by increased rates 
of apoptosis in islets. The decline in β-cell function in 
T2DM drives the progressive deterioration of glycemic 
control and increases the requirement for insulin (7).
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However, there have been few studies on the decline 
of islet β-cell function in T2DM patients with a long 
history of the disease. In the present study, we conducted 
a cross-sectional study to compare islet ‘β-cell function 
and insulin resistance in T2DM patients who had had 
the disease for different lengths of time and to observe 
the patterns of insulin secretion and insulin resistance as 
the length of history of having diabetes changed.

SUBJECTS AND METHODS

Study design

The study was an open, single-center, cross-sectional 
study. Participants were involved according to the time 
of diagnosis of T2DM.

Participants

The study protocol was approved by the Ethical 
Committee of the Affiliated Hospital of Qingdao 
University. Informed consent in accordance with the 
Declaration of Helsinki was provided by every patient. 
T2DM patients who were in the Department of 
Endocrinology at the Affiliated Hospital of Qingdao 
University from 2013-2016 were enrolled in the present 
study. Patients with T1DM, ketoacidosis, hyperosmolar 
state, and severe acute disease were excluded. According 
to their medical history, patients were divided into 5 
groups: group I (history of T2DM of less than 1 year), 
group II (history of T2DM between 1 and 10 years), 
group III (history of T2DM between 10 and 20 years), 
group IV (history of T2DM between 20 and 30 years), 
and group V (history of T2DM of more than 30 years). 
Healthy people with normal glucose who were age- 
and sex-matched were used as normal controls.

Examinations

All medical histories were recorded by two doctors. 
Height, weight, waist and hip circumference, body 
mass index (BMI), blood glucose, fasting C peptide, 
liver function, and hemoglobin were measured. 
Blood glucose, fasting C peptide, liver function 
and hemoglobin were measured by hexokinase and 
chemiluminescence methods. Islet function was 
evaluated with the modified homeostasis model 
assessment for β-cell function (HOMA-β), which was 
calculated using fasting C peptide level (pmol/L) and 
fasting blood glucose (FPG, mmol/L), and insulin 
resistance (IR) was evaluated using the modified 

homeostasis model assessment for insulin resistance 
(HOMA-IR). The formulas were as follows: HOMA-β 
= 20 * fasting C peptide / (FPG - 3.5) and HOMA-IR 
= fasting C peptide * FPG / 22.5 (8,9).

Statistical analysis

All data were analyzed by Empowerstats statistical 
software, and the results are presented as x ± S. The 
differences between groups were analyzed with 
ANOVA. Multiple comparisons were performed by 
LSD analysis. A two-sided  p  <  0.05 was considered 
statistically significant.

RESULTS

The characteristics of the patients

A total of 3254 patients with T2DM and 794 normal 
controls were enrolled in this study. The clinical 
characteristics of all participants are shown in Table 1.

The differences in levels of fasting C peptide, 
HOMA-β and HOMA-IR in patients with different 
histories of T2DM

As shown in Table 2, HOMA-β in T2DM patients 
with a history of diabetes of less than 1 year was 
approximately 52% of that of normal controls (4973.8 
vs 9553.7, p = 0.003), although there was no difference 
in the levels of fasting C peptide between T2DM 
patients with a history of diabetes of less than 1 year 
and that of normal controls. As shown in Figure 1, 
HOMA-β decreased with the development of T2DM. 
For T2DM patients with a history of diabetes of more 
than 30 years, there was only approximately 32% of 
pancreatic islet function left compared to the function 
in normal controls (3067.0 vs 9533.7, as shown 
in Table 2). Compared with that in other diabetic 
patients, HOMA-β in patients with a history of more 
than 30 years of diabetes was the lowest. HOMA-IR in 
T2DM patients with a history of diabetes of less than 
1 year was higher (approximately 50%) compared to 
that of normal controls (283.0 vs 185.8, p = 0.007). 
HOMA-IR in patients with a history of between 20-30 
years of diabetes was lower than that of other diabetic 
patients (p < 0.05). These data were analyzed using 
Empowerstats statistical software for overall HOMA-β 
and HOMA-IR, correlation of HOMA-β and HOMA-
IR with the history of diabetes, and HOMA-β and 
HOMA-IR in each group as shown in Figure 1.
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Table 2. The differences in levels of fasting C peptide, HOMA-β and HOMA-IR in patients with different lengths of history of T2DM

Normal controls group I group II group III group IV group V

Fasting C peptide (ng/mL) 2.4 ± 0.8 2.3 ± 1.3 2.2 ± 1.2* 2.0 ± 1.1*& 1.9 ± 1.5*#& 1.9 ± 1.2*#&

HOMA-β  9533.7 ± 4276.8 4973.8 ± 4144.9* 4268.7 ± 2851.8* 4096.4 ± 3155.7* 3826.2 ± 3289.6* 3067.0 ± 1434.6*#&

HOMA-IR 185.8 ± 64.8 283.0 ± 191.5* 277.5 ± 251.5* 246.4 ± 193.4* 226.2 ± 212.6*& 278.0 ± 321.9*

* Compared with normal controls, P < 0.05; # compared with T2DM patients with a history of disease of less than 1 year, p < 0.05; & compared with T2DM patients with a history of disease between 
10 and 20 years, p < 0.05.

Table 1. The clinical characteristics of all participants

Normal controls group I group II group III group IV group V

Number 794 568 924 978 532 252

Age 58.4 ± 11.6 55.8 ± 13.2 56.4 ± 12.4  58.7 ± 15.3 59.8 ± 15.2 61.3 ± 13.4

History of T2DM – 0.5 ± 0.2 5.0 ± 2.4 13.2 ± 2.9 22.1 ± 2.9 31.1 ± 2.5

Weight (kg) 73.1 ± 12.9 73.8 ± 11.6 73.2 ± 12.4 72.3 ± 12.3 72.1 ± 11.6 69.3 ± 13.0

BMI (kg/m2) 27.0 ± 3.3 26.1 ± 4.1 26.0 ± 3.7 26.5 ± 4.7 26.6 ± 3.7 25.7 ± 3.4

SBP (mmHg) 138.9 ± 80.6 132.0 ± 17.4 137.1 ± 19.4 140.0 ± 19.4 142.3 ± 20.0 142.3 ± 19.8

DBP (mmHg) 87.6 ± 12.7 81.6 ± 10.4 82.5 ± 11.3 80.4 ± 11.0 77.1 ± 11.2 75.7 ± 9.6

HbA1c (%) 5.4 ± 0.4 9.7 ± 2.4* 8.6 ± 2.1* 8.7 ± 1.9* 8.9 ± 1.8* 8.9 ± 1.6*

FBG (mmol/l) 5.3 ± 0.4 7.8 ± 2.5* 8.0 ± 2.6* 7.9 ± 2.9* 7.8 ± 3.0* 7.9 ± 2.6*

* p < 0.05, compared with normal controls. Levels of HbA1c and FBG in the diabetic group were higher than those in the normal controls.

BMI: body mass index; SBP: systolic blood pressure; DBP: diastolic blood pressure; HbA1c: glycated hemoglobin A1c; FBG: fasting blood glucose. 

Figure 1. Differences in the levels of HOMA-β and HOMA-IR as a function of length of history of T2DM. Compared with levels in normal controls, HOMA-β 
in T2DM patients with a history of diabetes of less than 1 year decreased approximately 48% (p = 0.003), while HOMA-IR increased approximately 50% 
(p = 0.007). Compared with levels in other diabetic patients, HOMA-β in patients with a history of diabetes of more than 30 years was the lowest. 
HOMA-IR in patients with a history of diabetes of between 20-30 years was lower than that in other diabetic patients. * Compared with normal controls, 
p < 0.01; # compared with T2DM patients with a history of diabetes of less than 1 year, P < 0.05; & compared with T2DM patients with a history of diabetes 
of between 10 and 20 years, p < 0.05.
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Differences in the levels of fasting C peptide, HOMA-β 
and HOMA-IR in T2DM patients with different BMIs

We further analyzed differences in the levels of fasting C 
peptide, HOMA-β and HOMA-IR in T2DM patients 
with different BMIs. A BMI = 25 kg/m2 was set as 
the cut-off point. As shown in Figure 2, in group II 
(history of diabetes between 1-10 years) and group III 

(history of diabetes between 10-20 years), levels of 
fasting C peptide and HOMA-β in patients with BMI 
≥ 25 kg/m2 were significantly higher than those in 
patients with BMI < 25 kg/m2 (p < 0.05). There were 
no significant differences in the levels of fasting C 
peptide and HOMA-β in patients with different BMIs 
in group I (history of diabetes < 1 year), group IV 
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(history of diabetes between 20-30 years) and group 
V (history of diabetes of more than 30 years). For all 
T2DM patients, regardless of the history of diabetes, 
the levels of HOMA-IR in patients with BMI ≥  
25 kg/m2 were significantly higher than those in 
patients with BMI < 25 kg/m2 (p < 0.05).

DISCUSSION

Pancreatic β-cells play a critical role in the development 
of T2DM. With the development of T2DM and an 
increase in age, both β-cell integrity and function 
declined and were accompanied by a decline in the ability 
of β-cells to be restored (10-12). In the present study, we 
investigated the difference in pancreatic islet secretion 
function in T2DM patients who have had the disease for 
different lengths of time by a cross-sectional study and 
the patterns of insulin secretion and insulin resistance 
as the length of time of having diabetes changed. We 
found that HOMA-β in T2DM patients with a history of 
diabetes of less than 1 year was approximately 52% that 
of normal controls, and HOMA-β in T2DM patients 

with a history of more than 30 years of diabetes was only 
approximately 32% of the pancreatic islet function left in 
normal controls. HOMA-IR in T2DM patients with a 
history of diabetes of less than 1 year was 1.5-fold that 
of normal controls, while HOMA-IR in patients with 
a history of diabetes of between 20-30 years was lower 
than that in other diabetic patients.
It was accepted that hyperglycemia and lipotoxicity 
played roles in the possible mechanisms underlying 
impaired β-cell function (13,14). Exposure of β-cells 
to hyperglycemia might promote efflux of insulin 
secretory granules from the β-cell, leaving less insulin 
available for release in response to further hyperglycemia 
(15,16). In addition, it was suggested that increased 
glucose levels could activate the hexosamine pathway, 
resulting in excess generation of reactive oxygen species 
and the inhibition of insulin gene transcription and 
insulin secretion (17,18). Accumulated fatty acids and 
their metabolic products might have a negative effect 
on the conversion of proinsulin to insulin and decrease 
nitric oxide production, inhibiting glucose oxidation 
and inducing β-cell apoptosis (19-21).

Figure 2. Differences in the levels of fasting C peptide, HOMA-β and HOMA-IR in patients with different BMIs.

In group II (history of diabetes between 1 and 10 years) and group III (history of diabetes of between 10 and 20 years), the levels of fasting C peptide and 
HOMA-β in patients with BMI ≥ 25 kg/m2 were significantly higher than those in patients with BMI < 25 kg/m2 (*p < 0.05). For all T2DM patients, the 
levels of HOMA-IR in patients with BMI ≥ 25 kg/m2 were significantly higher than those in patients with BMI < 25 kg/m2 (*p  < 0.05).
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Additionally, we found that in patients with a history 
of diabetes of between 1-20 years, the levels of fasting 
C peptide and HOMA-β in patients with a BMI ≥  
25 kg/m2 were significantly higher than those 
in patients with a BMI < 25 kg/m2. Levels of 
HOMA-IR in patients with BMI ≥ 25 kg/m2 were 
significantly higher than those in patients with BMI < 
25 kg/m2. It was reported that β-cell mass decreased by 
approximately 40 and 65% in lean and obese individuals 
with T2DM, respectively, compared to the cell mass 
of age- and BMI-matched nondiabetic individuals. In 
approximately two-thirds of obese individuals who did 
not develop T2DM, pancreatic islet mass increased 
to compensate for increased insulin demand (22,23). 
Changes in β-cell mass might occur several years before 
hyperglycemia appears, as suggested by the United 
Kingdom Prospective Diabetes Study (UKPDS) (24). 
Reduction in β-cell mass might occur following β-cell 
apoptosis and reduced generation of new cells (25,26). 

Since a great proportion of patients with diabetes 
did not know about their disease for many years before 
the diagnosis, a possible limitation of the present 
study was the variable about disease history. A larger 
sample might reduce this bias. As T2DM patients with 
normal weight are quite different from those with BMI 
> 25 kg/m2, a further detailed investigation of islet 
function in T2DM patients with normal weight will be 
performed.

In the present study, we found that compared with 
that in normal controls, HOMA-β in T2DM patients 
with a history of diabetes of less than 1 year was lower 
(approximately 52% that of normal controls), while 
HOMA-IR was higher (approximately 50% that of 
normal controls). With the development of diabetes, 
HOMA-β gradually decreased, while there was no 
significant difference in HOMA-IR over time. These 
results could allow us to better understand T2DM and 
its development, thereby individualizing treatment for 
T2DM patients with different lengths of history of 
diabetes according to their condition and islet function.

Acknowledgments: we appreciate all subjects in this study.

Ethical approval: all procedures performed in studies involving 
human participants were in accordance with the ethical standards 
of the institutional and/or national research committee and with 
the 1964 Helsinki declaration and its later amendments or com-
parable ethical standards.

Disclosure: no potential conflict of interest relevant to this article 
was reported.

REFERENCES 
1.	 Zhang T, Ji L, Gao Y, Zhang P, Zhu D, Li X, et al. Observational Reg-

istry of Basal Insulin Treatment in Patients with Type 2 Diabetes 
in China: Safety and Hypoglycemia Predictors. Diabetes Technol 
Ther. 2017;19(11):675-84.

2.	 Denis GV, Sebastiani P, Andrieu G, Tran AH, Strissel KJ, Lombar-
di FL, et al. Relationships Among Obesity, Type 2 Diabetes, and 
Plasma Cytokines in African American Women. Obesity (Silver 
Spring). 2017;25(11):1916-20. 

3.	 Grice BA, Nelson RG, Williams DE, Knowler WC, Mason C, Han-
son RL, et al. Associations between persistent organic pollutants, 
type 2 diabetes, diabetic nephropathy and mortality. Occup Envi-
ron Med. 2017;74(7):521-7.

4.	 Chen C, Cohrs CM, Stertmann J, Bozsak R, Speier S. Human beta 
cell mass and function in diabetes: Recent advances in knowl-
edge and technologies to understand disease pathogenesis. Mol 
Metab. 2017;6(9):943-57.

5.	 Ribbing J, Hamrén B, Svensson MK, Karlsson MO. A model for 
glucose, insulin, and beta-cell dynamics in subjects with insulin 
resistance and patients with type 2 diabetes. J Clin Pharmacol. 
2010;50(8):861-72.  

6.	 Murakami R, Saisho Y, Watanabe Y, Inaishi J, Tsuchiya T, Kou K, et 
al. Pancreas Fat and β Cell Mass in Humans With and Without Dia-
betes: An Analysis in the Japanese Population. J Clin Endocrinol 
Metab. 2017;102(9):3251-60.

7.	 Costes S, Boss M, Thomas AP, Matveyenko AV. Activation of Mela-
tonin Signaling Promotes β-Cell Survival and Function. Mol En-
docrinol. 2015;29(5):682-92.

8.	 Li M, Gu L, Yang J, Lou Q. Serum uric acid to creatinine ratio cor-
relates with β-cell function in type 2 diabetes. Diabetes Metab Res 
Rev. 2018;34(5):e3001. 

9.	 Ferjan S, Janez A, Jensterle M. DPP4 inhibitor sitagliptin as a po-
tential treatment option in metformin- intolerant obese women 
with polycystic ovary syndrome: a pilot randomized study. En-
docr Pract. 2018;24(1):69-77.

10.	 Liu S, Du F, Li X, Wang M, Duan R, Zhang J, et al. Effects and un-
derlying mechanisms of irisin on the proliferation and apoptosis 
of pancreatic β cells. PLoS One. 2017;12(4):e0175498.

11.	 Tangvarasittichai S. Oxidative stress, insulin resistance, dys-
lipidemia and type 2 diabetes mellitus. World J Diabetes. 
2015;6(3):456-80.

12.	 Rouse M, Younès A, Egan JM. Resveratrol and curcumin enhance 
pancreatic β-cell function by inhibiting phosphodiesterase activ-
ity. J Endocrinol. 2014;223(2):107-17.

13.	 Dai C, Kayton NS, Shostak A, Poffenberger G, Cyphert HA, Ara-
mandla R, et al. Stress-impaired transcription factor expression 
and insulin secretion in transplanted human islets. J Clin Invest. 
2016;126(5):1857-70.

14.	 Shimo N, Matsuoka TA, Miyatsuka T, Takebe S, Tochino Y, Takahara 
M, et al. Short-term selective alleviation of glucotoxicity and lipo-
toxicity ameliorates the suppressed expression of key β-cell fac-
tors under diabetic conditions. Biochem Biophys Res Commun. 
2015;467(4):948-54.

15.	 Zephy D, Ahmad J. Type 2 diabetes mellitus: Role of melatonin 
and oxidative stress. Diabetes Metab Syndr. 2015;9(2):127-31.

16.	 Kramer CK, Zinman B, Choi H, Connelly PW, Retnakaran R. 
Chronic liraglutide therapy induces an enhanced endogenous 
glucagon-like peptide-1 secretory response in early type 2 diabe-
tes. Diabetes Obes Metab. 2017;19(5):744-8.

17.	 Xiong X, Sun X, Wang Q, Qian X, Zhang Y, Pan X, et al. SIRT6 
protects against palmitate-induced pancreatic β-cell dysfunction 
and apoptosis. J Endocrinol. 2016;231(2):159-65.



Co
py

rig
ht

©
 A

E&
M

 a
ll r

ig
ht

s r
es

er
ve

d.

227

Islet function and T2DM

Arch Endocrinol Metab. 2019;63/3 

18.	 Proietto J. Mechanisms of insulin resistance caused by nutrient 
toxicity. Hepatol Res. 2005;33(2):87-91. 

19.	 Vernier S, Chiu A, Schober J, Weber T, Nguyen P, Luer M, et al. 
β-cell metabolic alterations under chronic nutrient overload in rat 
and human islets. Islets. 2012;4(6):379-92.

20.	 Huang CN, Wang CJ, Lee YJ, Peng CH. Active subfractions of 
Abelmoschus esculentus substantially prevent free fatty acid-in-
duced β cell apoptosis via inhibiting dipeptidyl peptidase-4. PLoS 
One. 2017;12(7):e0180285.

21.	 Mugabo Y, Zhao S, Seifried A, Gezzar S, Al-Mass A, Zhang D, et 
al. Identification of a mammalian glycerol-3-phosphate phospha-
tase: Role in metabolism and signaling in pancreatic β-cells and 
hepatocytes. Proc Natl Acad Sci U S A. 2016;113(4):E430-9. 

22.	 Huang XT, Yue SJ, Li C, Huang YH, Cheng QM, Li XH, et al. A Sus-
tained Activation of Pancreatic NMDARs Is a Novel Factor of β-Cell 
Apoptosis and Dysfunction. Endocrinology. 2017;158(11):3900-13.

23.	 Templin AT, Samarasekera T, Meier DT, Hogan MF, Mellati M, Crow 
MT, et al. Apoptosis Repressor With Caspase Recruitment Domain 
Ameliorates Amyloid-Induced β-Cell Apoptosisand JNK Pathway 
Activation. Diabetes. 2017;66(10):2636-45.

24.	 Lidegaard LP, Hansen AL, Johansen NB, Witte DR, Brage S, Lau-
ritzen T, et al. Physical activity energy expenditure vs cardio- re-
spiratory fitness level in impaired glucose metabolism. Diabeto-
logia. 2015;58(12):2709-17.

25.	 den Biggelaar LJ, Sep SJ, Eussen SJ, Mari A, Ferrannini E, van 
Greevenbroek MM, et al. Discriminatory ability of simple OGTT-
based beta cell function indices for prediction of prediabetes and 
type 2 diabetes: the CODAM study. Diabetologia. 2017;60(3):432-41. 

26.	 Courtade JA, Wang EY, Yen P, Dai DL, Soukhatcheva G, Orban PC, 
et al. Loss of prohormone convertase 2 promotes beta cell dys-
function in a rodent transplant model expressing human pro-islet 
amyloid polypeptide. Diabetologia. 2017;60(3):453-63.


