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Abstract

Aims: Beta-cell dysfunction is an early event in the natural history of type 2 diabetes. However, its progression is variable
and potentially influenced by several clinical factors. We report the baseline data of the BetaDecline study, an Italian
prospective multicenter study on clinical predictors of beta-cell dysfunction in type 2 diabetes.

Materials and Methods: Clinical, lifestyle, and laboratory data, including circulating levels of inflammatory markers and non-
esterified fatty acids, were collected in 507 type 2 diabetic outpatients on stable treatment with oral hypoglycemic drugs or
diet for more than 1 year. Beta-cell dysfunction was evaluated by calculating the proinsulin/insulin ratio (P/I).

Results: At baseline, the subjects in the upper PI/I ratio quartile were more likely to be men and receiving secretagogue
drugs; they also showed a borderline longer diabetes duration (P=0.06) and higher serum levels of glycated hemoglobin
(HbA,,), fasting blood glucose, and triglycerides. An inverse trend across all PI/I quartiles was noted for BMI and serum levels
of total cholesterol (T-C), LDL-C, HDL-C and C reactive protein (CRP), and with homeostatic model assessment (HOMA-B) and
HOMA of insulin resistance (HOMA-IR) values (P<<0.05 for all). At multivariate analysis, the risk of having a P/I ratio in the
upper quartile was higher in the subjects on secretagogue drugs (odds ratio [OR] 4.2; 95% confidence interval [Cl], 2.6-6.9)
and in the males (OR 1.8; 95% Cl, 1.1-2.9).

Conclusions: In the BetaDecline study population, baseline higher PI/I values, a marker of beta-cell dysfunction, were more
frequent in men and in patients on secretagogues drugs. Follow-up of this cohort will allow the identification of clinical
predictors of beta-cell failure in type 2 diabetic outpatients.
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Introduction

The prevalence of type 2 diabetes mellitus (T2DM) is increasing
worldwide [1]. T2DM is sustained by insulin resistance and
impaired insulin secretion. Impaired insulin secretion due to either
beta-cell dysfunction and/or beta-cell loss is now recognized in the
pathogenesis and progression of diabetes. The loss of beta-cell
mass and the progressive decline in beta-cell function is an early
feature of the natural history of diabetes and it is detectable prior
to diagnosis [2]. The United Kingdom Prospective Diabetes Study
(UKPDS) showed that beta-cell function, as evaluated by the
homeostatic model assessment (HOMA-B) index, was already
decreased by 50% by the time of the diagnosis and that it
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continued to decline over the 6-year observation period, even with
on-going hypoglycemic therapy [3].

The relative increase of a-cells mass, another typical defect on
Langerhans islets of diabetic subjects, may even precede beta-cells
loss, being already observed in normoglycaemic baboons with
different degrees of obesity [4].

Beta-cell mass is influenced by a balance between proliferative
and pro-apoptotic signals, which may be modulated by various
growth factors, cytokines, and hormones, whose specific role in the
rate of beta-cell decline remains unclear.

High levels of glucose and free fatty acids (gluco-and
lipotoxicity), islet amyloid polypeptide deposition, and circulating
inflammatory cytokines have been all implicated in beta-cell
apoptosis [4-15] Thus, in vitro studies have demonstrated that
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high glucose levels induce an over-expression of pro-apoptotic
genes of the Bcl family in cultured pancreatic Islets of Langerhans
[8], and the important role of islet amyloid (IA) in the pathogenesis
of beta cell dysfunction has been demonstrated in rodent models,
non human primates, as well as in human studies [9,10,11,12];
also the influence of inflammation on beta cell function and
peripheral insulin resistance has been increasingly recognized
[13,14,15]

At any rate, whenever it appears, impaired beta-cell function
leads to the progressive failure of islet cells to secrete sufficient
amounts of insulin to overcome peripheral insulin resistance,
ultimately resulting in failure to maintain normal glucose
homeostasis over time. However, the rate of beta-cell failure is
unpredictable and not all persons with T2DM will need insulin
therapy to maintain their blood glucose levels.

Several factors may have a bearing on beta-cell function,
including lifestyle, clinical, and metabolic factors, as well as
ongoing therapies. The early identification of these clinical
predictors could provide clues to developing strategies to
ameliorate the long-term management of T2DM.

Here, we report the baseline data of the BetaDecline Study, that
will prospectively evaluate the principal clinical and biochemical
predictors of beta-cell dysfunction in a cohort of outpatients with
T2DM, on stable treatment with oral hypoglycemic agents
(OHAS) or diet only, over a 4-year follow-up period.

Methods

Subjects

BetaDecline is a prospective, longitudinal multicenter study with
the aim to evaluate the rate and clinical predictors of beta-cell
decline in T2DM over time. The study population was 507 T2DM
outpatients regularly attending nine diabetes care centers. At each
center, the fifth eligible patient seen per day was enrolled in the
study, after giving written informed consent to participate in the
study.

Data were collected from retrospective chart review, laboratory
analysis of blood samples taken during visits to a diabetes center as
part of routine care, and responses to a questionnaire. At the first
and last visits, after 4 years of follow-up, fasting blood samples
were taken. At the intermediate visit (after 2 years) only clinical
data were collected.

Inclusion criteria were: a physician’s diagnosis of T2DM by
American Diabetes Association criteria [16]stable treatment with
OHAs or diet for =1 year; age >40 years at enrolment;
continuous care at the clinic (at least 2 visits) for at least 1 year;
medical records with a minimum core data set; and completed
consent form. All patients meeting these inclusion criteria were
considered eligible for participation in the study.

Exclusion criteria were: type 1 diabetes; pregnancy; inability to
understand the study purposes or fill out the consent form;
participation in a clinical trial in the previous 3 years; current use
of insulin or incretin-based therapies (DPP4 inhibitors and/or
GLP1 receptor agonists).

All patients were on stable treatment for =1 year with dietary
therapy and/or on an OHA (metformin, sulfonylureas, glinides,
glytazones, acarbose), alone or in combination; none were
receiving incretin-based or insulin therapy during the course of
the study.

Ethics statements

Written informed consent was obtained from all participants;
the study was conducted in accordance with the Declaration of
Helsinki and approved by the local ethics committees:Ethics
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Committee of the University Hospital Saint Luigi Gonzaga of
Orbassano, Turin.

Committee entered in the Register of the Regional Ethics
Committees with the order number 7 in the section on committees
set up under ’Article 5 of DPGR 16/11/2001 Piedmont region
and D.G.R. n. 4/12/2006 78-4807 of operating in compliance
with the Decree 24/06/2003 n. 211 and Good Clinical Practice.
The Ethics Committee approved the study on 30/06/2008.

Measurements

Standardized questionnaires were administered to collect
lifestyle and clinical data. Potential risk factors for beta-cell
dysfunction were classified as follows: co-morbidities - dyslipide-
mia, hypertension, cardiac disease, long-term micro- and macro-
vascular complications of diabetes; treatment variables - current
antidiabetic drug treatments (name, starting date, dosage), history
of antidiabetic drug treatment, antihypertensive therapy, contin-
uous aspirin treatment, statin therapy.

BMI and blood pressure (BP) were measured according to
standard procedures. Hypertension was defined as a systolic and/
or diastolic BP value =130/80 mm Hg, and/or current use of
antihypertensive medications. Use of hypolipidemic drugs and/or
aspirin was also recorded.

Alcohol consumption was recorded as grams of alcohol/day.
Subjects were defined as non-smokers or current smokers; those
who had quit within 1 year prior to entry in the study were defined
as current smokers.

Metabolic parameters

At baseline and final visits, blood samples after 12-14 hour
fasting were drawn for the determination of blood chemistry
parameters, which was performed centrally. After collection,
plasma and serum were separated and the aliquots were stored at
—20°C until analysis. Fasting blood glucose (FBG) was measured
using the glucose oxidase-peroxidase (GOD-POD) method (nor-
mal laboratory reference range, 65-110 mg/dL).

Total serum cholesterol, high-density lipoprotein cholesterol
(HDL-C), triglycerides, and creatinine levels were measured using
standard automated laboratory methods (Roche Diagnostics,
Milan, Italy). Low-density lipoprotein cholesterol (LDL-C) con-
centration was calculated by the Friedwald formula [17].

Glycated hemoglobin (HbA;.) was measured on an automated
high-performance liquid chromatography (HPLC) analyzer (nor-
mal laboratory reference range, 4-6%). Fasting insulin concen-
tration was measured using an automated microparticle enzyme
immunosorbent assay (MEIA) (normal reference range, 5-
23 MU/L). Plasma proinsulin levels were measured using an
enzyme-linked immunosorbent assay (ELISA) (normal reference
values, >5.10 pmol/L), and the fasting proinsulin to insulin ratio
(PI/I) was calculated. Insulin secretion was assessed with the
HOMA-B model and insulin resistance was calculated using the
HOMA-IR model [18,19].

Serum C-reactive protein (CRP) was measured using a
turbidimetric assay (reference values, <3.0 mg/L), interleukin 6
(IL-6) by an enzymatic method using Acyl-CoA oxidase (ACS-
ACOD-POD) (reference range, 0.0-2.3 ng/L), fasting non-ester-
ified fatty acids (NEFA) by an enzymatic assay (reference range,
0.28-0.89 mmol/L), (CV % and %, respectively). The mean
values for self-monitored 2-h post-prandial glucose (2-h PPG) were
also recorded.

Statistical analysis

Data are given as mean * SD or crude numbers and
percentages. Patient characteristics according to gender were
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compared using unpaired Student’s t-test or Mann-Whitney U-test
or y” test. Patient characteristics according to PI/I ratio quartiles
were compared using ANOVA for linear trend (normally
distributed variables), Kruskall-Wallis one-way ANOVA (contin-
uous variables with non-normal distribution) or %2 test for linear
trend (categorical variables). Bivariate associations were estimated
using Spearman’s rank correlation coefficient. Independent
correlates of PI/I values in the upper quartile were evaluated
using multiple logistic regression analysis with backward variable
selection. Results are expressed as odds ratios (OR) with their
respective 95% confidence intervals (95% CI). All statistical
comparisons are two-tailed, and a P value<<0.05 was considered
significant. Statistical analysis was performed using the SPSS
program, version 11.0 for Windows (SPSS Inc. Chicago, IL).

Results

Baseline clinical characteristics

Study subjects (507, 59% men) were overweight or obese (mean
BMI 29.2 kg/m®; mean waist circumference 102 cm), with
acceptable glucose control, despite the relatively long duration of
diabetes (Table 1). The FBG levels were high but the 2-h post-
prandial glucose (PPG) levels were within the recommended
targets. BP and lipid profile were close to the target values. Mean
serum fasting insulin and proinsulin levels were 10.1 mIU/L and
9.1 pmol/L, respectively. Mean circulating levels of serum CRP,
IL-6, and NEFA were within the reference range (Table 1).

During the course of the study, 69% of the subjects were on
antithypertensive drugs, 61% on lipid-lowering medications (either
statins or fibrates), and 45% were regularly taking aspirin. The
majority (84%) was on stable treatment with metformin alone or in
combination with other OHAs, 51% were on secretagogues
(sulfonylureas and glinides), and only 5% on diet therapy alone.

Questionnaire response to the items investigating lifestyle
showed that 18% were current smokers, 20% reported habitual
alcohol consumption, and 69% were sedentary, never or only
occasionally engaging in physical activity (Table 1).

Comparison of baseline data of men versus women (Table 1)
showed that the women were more often obese (BMI, P<<0.0001)
and had significantly higher serum levels of HbAlc (P=0.05),
fasting insulin (P=0.003), total cholesterol (P=0.002), HDL-C
(P<0.0001) and LDL-C (P=10.017), CRP (P<<0.0001), and NEFA
(P=0.002), whereas FBG and fasting proinsulin values were
higher in the men (P=0.03 and P=0.001, respectively).

The men reported a lower use of antihypertensive medications
and a higher use of aspirin; no differences between the sexes were
noted for use of lipid-lowering drugs or current treatment with
hypoglycemic medications. Tobacco and alcohol use (both P<
0.0001) was more frequent among the men; regular physical
activity was lower among the women (P =0.002).

Baseline clinical characteristics according to Proinsulin/
Insulin ratio values

Beta-cell dysfunction was estimated by the the proinsulin/
insulin ratio (PI/I); HOMA-B and the degree of insulin resistance
(HOMA-IR) were also evaluated. When the study subjects
characteristics were stratified according to quartiles of the PI/I
ratio, almost 70% of those in the upper PI/I quartile, indicating
the highest degree of beta-cell dysfunction, were males. Overall, a
higher degree of beta-cell dysfunction was also associated with
poorer glucose control; thus, as shown in Figure 1, the number of
subjects with out-of-target HbAlc values increased with increasing
PI/1 quartiles (HbA;. =7.0%; chi square for linear trend P<
0.0001).
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To evaluate which factors were associated with beta-cell
dysfunction, we stratified the clinical and laboratory characteristics
according to PI/I quartiles (Table 2); because of the higher
prevalence of male subjects among those with the highest PI/I
quartile, p-values for comparisons in men and women separately
are also presented (Table 2).

In the whole study population, the subjects in the highest PI/I
ratio quartile (those with the highest degree of beta-cell
dysfunction) were more likely to be smokers and to have a longer
duration of diabetes than those in the lower quartiles (P =0.02 and
P =0.06, respectively). Furthermore, the subjects in the upper PI/1
quartile had a lower BMI (P<<0.0001) and waist circumference
(P<<0.06), poorer metabolic control, evaluated as both HbA . (P<
0.004) and FBG values (P<<0.0001), without any significant
difference in PPG levels. Those in the upper quartile also showed
differences in lipid profile, with lower total cholesterol (P =0.02),
LDL-C (P=0.01), and HDL-C concentrations (P=0.007), and
higher serum triglycerides levels (P=0.01) (Table 2). The CRP
values were significantly lower in the subjects in the upper PI/I
quartile (P=0.001), whereas no significant differences in IL-6 or
NEFA or systolic and diastolic blood pressure values were noted
according to the PI/I ratio in the whole study population. The
insulin-sensitivity (HOMA-IR) and secretion indexes (HOMA-B)
were both significantly lower in the highest PI/I quartile (P<
0.0001).

Among glucose-lowering drugs, the use of secretagogues
(sulfonylureas and glinides) was significantly more frequent among
subjects with the worst baseline insulin secretory capacity (P<
0.0001); conversely, no significant differences in the use of other
drugs according to PI/I values were noted. Similarly, no
differences were noted for use of antihypertensive and lipid-
lowering drugs, whereas a larger number of subjects on aspirin
were found in the highest PI/1 quartile (P = 0.03).

When men and women were analyzed separately (Table 2),
metabolic control as evaluated by FBG and HbAlc levels, as well
as fasting insulin, proinsulin, HOMA-B, and HOMA-IR values,
the use of sulphonilureas, glinides and overall secretagogues
showed the same significant trend across PI/I quartiles observed in
the whole population, without any gender-difference (see File
S1). HDL-C levels were related with PI/I ratio with a borderline
significance in both men and women, whereas, waist circumfer-
ence, BMI, CRP levels significantly decreased across PI/I quartiles
only in males. In women, when comparing the lowest with the
highest PI/1I quartile, higher PI/I values were also associated with
slightly lower IL-6 concentrations (1.1 ng/L vs. 1.3 ng/L) and a
lower percentage of subjects on diet only (2.4% vs. 8.1% in the
highest vs. the lowest PI/I ratio quartile, respectively).

Factors associated with beta-cell dysfunction at
univariate and multivariate analyses

At univariate correlation analysis (Table 3), the PI/I ratio
negatively correlated with waist circumference, BMI,, CRP,, and
positively with HbA,. and FBG,. Significant correlations were also
noted for FBG in both sexes when the men and women were
considered separately, whereas the inverse correlation with waist
circumference and CRP remained significant only for the men.

At multivariate analysis, when age, gender, BMI, HbA,, total
cholesterol, HDL-C, LDL-C, triglycerides, diabetes duration,
CRP, IL-6, NEFA, metformin, secretagogues, thiazolidinediones
(TZDs) were included in the model, male gender was associated
with a 1.8-fold (OR 1.8; 95% CI, 1.1-2.9) higher probability of
having beta-cell dysfunction (a PI/I ratio in the upper quartile),
whereas the use of secretagogues was associated with a more than
4-fold higher risk (OR 4.20; 95% CI, 2.55-6.91). All other baseline
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clinical characteristics, including BMI, waist circumference,
diabetes duration, metabolic control, gluco- and lipotoxicity
measures, and inflaimmatory markers were not independently
associated with beta-cell dysfunction in this population.

Discussion

T2DM is characterized by insulin resistance and various
degrees of beta-cell impairment. Several lines of evidence strongly
suggest that preserving beta-cell function is critical to prevent loss
of glucose control and progression from prediabetes to overt
diabetes [20,21,22] or from use of OHAs to insulin therapy in
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Table 1. Baseline clinical characteristics of BetaDecline study participants.
P-value men vs.
Total Men Women women
No. (%) 507 298 (58.7) 209 (41.3)
Age (years) 62.8+8.1 62.7+8.1 63.0+8.2 0.96 (NS)
BMI 29.2+4.9 28.4+%43 30.2%5.5 <0.0001
Waist circumference (cm) 102+11 102+11 101£11 0.27 (NS)
Diabetes duration (years) 8.8£6.9 9.1£6.6 84+*7.2 0.08 (NS)
HbA1c (%) 7.2%1.1 7.2+1.0 73%13 0.05
FBG (mg/dl) 164+59 16860 160%59 0.03
PPG (mg/dl) 149+39 148+38 15141 0.49 (NS)
Fasting insulin (mIU/L) 10.1£7.0 9.6+7.3 10.8+6.5 0.003
Fasting proinsulin (pmol/L) 9.1£11.3 10.1+13.1 7879 0.001
Systolic blood pressure (mm Hg) 133+16 133+16 133+16 0.69 (NS)
Diastolic blood pressure (mm Hg) 78+8 78+8 79+8 0.62 (NS)
Total cholesterol (mg/dL) 17741 172%37 18444 0.002
HDL-cholesterol (mg/dL) 49.6+12.9 46.9+12.1 53.3%13.1 <0.0001
LDL-cholesterol (mg/dL) 103+33 99+32 107+34 0.017
Triglycerides (mg/dL) 13279 134+83 13274 0.79 (NS)
CRP (mg/L) 2.8*4.1 24*+42 35%+3.9 <0.0001
IL-6 (ng/L) 1.46+3.32 1.58+4.23 1.29%£1.17 0.65 (NS)
NEFA (mmol/L) 0.6+0.3 0.6*0.2 0.6+0.2 0.002
Antihypertensive drugs - no. (%) 350 (69.0) 194 (65.1) 156 (74.6) 0.007
Lipid-lowering drugs - no. (%) 309 (60.9) 182 (61.1) 127 (60.8) 0.79 (NS)
Aspirin use - no. (%) 228 (45.0) 145 (48.7) 83 (39.7) 0.015
Hypoglicemic drugs — no. (%)
Metformin 425 (83.8) 243 (81.5) 182 (87.1) 0.10 (NS)
Sulfonylureas 179 (35.3) 99 (33.2) 80 (38.3) 0.24 (NS)
TZD 50 (9.9) 29 (9.7) 21 (10.0) 0.91 (NS)
Glinides 81 (16.0) 53 (17.8) 28 (13.4) 0.18 (NS)
Acarbose 11 (22) 7 (23) 4(1.9) 1.0 (NS)
Diet only 28 (5.5) 18 (6.0) 10 (4.8) 0.54 (NS)
Current tobacco use - no. (%) 90 (17.8) 77 (26.0) 13 (6.2) <0.0001
Regular alcohol consumption - no. (%) 101 (20.0) 89 (30) 12 (5.7) <0.0001
Physical activity (%) 0.002
No/Occasionally 347 (69.1) 190 (64.9) 157 (75.1)
<3 times per week 57 (11.4) 40 (13.7) 17 (8.1)
3-5 times per week 67 (13.3) 39 (13.3) 28 (13.4)
>5 times per week 28 (5.6) 21(7.2) 7 (3.3)
Data are no. (%) and means = SD. FBG, fasting blood glucose; PPG, postprandial blood glucose; CRP, C-reactive protein; IL-6, interleukin-6; NEFA, non-esterified fatty
acids; P, proinsulin; TZD thiazolidinediones.
doi:10.1371/journal.pone.0109702.t001

subjects with long-standing disease [3,23,24,25].Nonetheless,
insulin therapy is not an inexorable end, and the rate of
progression in T2DM appears to differ individually. Because such
unpredictability may reflect individual variability in the rate of
beta-cell decline, identifying the clinical factors that can predict it
holds importance for diabetes management.

In this analysis of baseline data from the BetaDecline study, we
examined the degree of beta-cell dysfunction and its potential
associations with demographic, clinical, treatment variables, and
markers of inflammation and lipotoxicity in a large cohort of
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Figure 1. Type 2 diabetic subjects with HbA1c=7.0% or <7.0% according to the degree of beta-cell dysfunction.

doi:10.1371/journal.pone.0109702.g001

T2DM outpatients on stable treatment with diet and/or OHAs for
more than 1 year.

Determining beta-cell failure is problematic in clinical practice,
as there is no convenient and reliable way to quantify it.
Furthermore, beta-cell decline may ensue from an impairment
of their mass or function, and these two aspects may not
necessarily coincide [19,26] Several static and dynamic methods
are today available to estimate beta-cells functionality, such as
HOMA-B, the acute insulin response 5 min after an i.v. glucose
load (AIRg), the ratio between the increment in plasma insulin and
plasma glucose 30 min after an OGTT (insulinogenic index, AI/
AG-30), as well as more complex methods evaluating the response
of plasma insulin to mixed meals during the day or the
deconvolution of plasma C-peptide curve using kinetic parameters
[24,27,28]. Although some of these methods are considered more
reliable for the evaluation of beta-cell secretion, most of them are
not easily applicable in the clinical practice. In the BetaDecline,
beta-cell dysfunction was evaluated by calculating the PI/I ratio,
which estimates the capacity of beta cells to convert proinsulin to
insulin and may represent an acceptable method to indicate the
degree of beta-cell secretion [19], whereas the role of the HOMA-
B index, although still used in epidemiological studies, has been
largely questioned [19,28].

In our cohort, the PI/I values were generally within the diabetic
range and roughly double than those reported in normo-glycemic
subjects [29,30,31],confirming the 2-3 fold increase in PI/I values
usually observed in diabetic individuals [19,28].

The first finding of our study is that up to 70% of subjects in the
upper quartile of PI/1 ratio (those with a greater deficit in beta-cell
secretion) were men. This gender-related difference merits deeper
analysis since previous experimental and epidemiological studies
indicate that women may be partially protected against beta-cell
failure, probably thanks to the estrogens influence. Thus,
metabolic diseases are less prevalent among premenopausal
women [32] and hormone-related differences in regional fat
distribution and function obviously play a crucial role in this
context [33] Furthermore, two hormonal intervention studies, the
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Women’s Health Initiative Study [34] and the Heart and
Oestrogen/Progestin  Replacement Study [35], both found a
significant reduction in diabetes incidence in subjects receiving
estrogens. Convincing evidence also comes from experimental
models of insulin-deficient diabetes, where the frequency of
diabetes was consistently higher in the male than female animals
[36,37]. The hypothesis that estrogens may be beneficial for
pancreatic beta cells has been confirmed by several in vitro studies
showing that estrogens may protect pancreatic beta cells against
apoptosis and prevent insulin-deficient diabetes mellitus through
an estrogen receptor-mediated signal or indirectly through the
modulation of other hormones [36,37,38].

Although estrogen levels and menopausal status were not
specifically measured in our study, the observed gender
-differences in the degree of beta-cell dysfunction seem to be in
line with these reports. Furthermore, since the mean age of the
women participating in our study was ~60 years, with most of
them probably post-menopausal, our data also suggest that this
relative protection may be extended after menopause. However,
the effects of natural menopause on insulin secretion in humans
have been poorly studied [36,39], and the results obtained so far
are difficult to interpret because of the complex hormonal and
metabolic milieu following menopause and the confounding effect
of ageing.Another finding of our study is that the PI/I ratio values
are related to the type of ongoing hypoglycemic therapy. Although
the cross-sectional nature of our analysis did not allow us to
establish causal relationships, our baseline data indicate that the
use of secretagogues, either sulfonylureas or glinides, was 4-fold
more frequent in subjects having a PI/I ratio in the upper quartile.
Several reasons may underline this association, including an
indication bias, owing to diabetologists’ preferential use of
secretagogues in patients with already reduced beta-cell secretion,
i.e. in those who are not in good metabolic control. An alternative
interpretation could be that these drugs may be associated with
baseline higher PI/1 ratio also because of their specific mechanism
of action [40,41]. Thus, by attaching to their specific receptor on
beta-cells, secretagogues might stimulate not only insulin release,
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Factors Linked to Beta Cell Dysfunction in Type 2 Diabetes

Table 3. Significant univariate correlations (Pearson’s test) of proinsulin/insulin (PI/1) ratio with study variables according to sex.

Total Men Women

r P r P r P
Waist circumference —0.11 0.02 —0.16 0.01 —0.12 0.097(NS)
BMI —0.18 <0.0001 —0.13 0.02 -0.17 0.02
HbAc 0.16 <0.0001 0.20 0.001 0.15 0.03
FBG 0.24 <0.0001 0.26 <0.0001 0.20 0.004
CRP -0.17 <0.0001 —0.16 0.008 -0.15 0.22(NS)

FBG, fasting blood glucose; CRP, C-reactive protein.
doi:10.1371/journal.pone.0109702.t003

but also its production, therefore leading to an increased
production of proinsulin.

Although only the follow-up analysis of our cohort will allow
definitive conclusions, similarly to our baseline results, the
ADOPT study [42], after initial 6-months increase in the
mnsulinogenic index, demonstrated a faster rate of decline in
glyburide treated patients versus those on rosiglitazone or
metformin. The initial change with glyburide has been attributed
to the alleviation of gluco-toxicity.

Unfortunately, comparative data for the effect of commonly
used hypoglycemic drugs on the rate of beta-cell decline are still
insufficient [24,25,43]. On the other hand, the UKPDS study
reported that the progressive worsening of glucose control over
time was not influenced by the type of ongoing therapy [3], and
consistent with this observation was the finding that other
hypoglycemic and/or antihypertensive, lipid-lowering medications
and aspirin use were unrelated to PI/I values in our analysis.

Our data also indicate that a higher PI/1 ratio is associated with
higher HbA,. levels, confirming the major role of beta-cell
dysfunction in the deterioration of glucose control.

However, these associations were no longer significant at
multivariate analysis, indicating that other factors may have
influenced glucose control in our cohort. Notably, when we
compared the baseline data of the men versus the women, we
found significantly higher serum HbA |, levels among the women,
a finding shared by a recently large Italian survey [44]
demonstrating that diabetic women are more likely than men to
have poorer glycemic control and elevated HbA,. values. These
results seem to partly contrast with the finding of fewer women in
the group with higher PI/I values (those with the worst glycemic
control). However, in the Italian survey [44], as well as in other
reports [45] comparative data on beta-cell function in men and
women with diabetes were lacking, and the reported gender-
related differences in metabolic control were mainly attributed to a
poorer quality of diabetes care in women than in men [44,45].

Our data also showed decreasing values of HOMA-IR across
increasing PI/1I ratio quartiles, similarly to other studies reporting
different degrees of beta-cell dysfunction according to the level of
insulin  sensibility [20,21,22]. Furthermore, features of the
metabolic syndrome, including degrees of obesity, showed an
overall inverse trend across increasing quartiles of the PI/I ratio,
paralleling that of HOMA-IR, indicating that extreme insulin
resistance and insulin secretory deficit may depict different
phenotypes.

Because insulin resistance is known to precede beta-cell
dysfunction in the natural history of T2DM, stratifying individuals
on the basis of insulin resistance and insulin secretion measures
would ideally identify subjects at different stages of the disease.
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Subjects with higher baseline PI/I values had a longer diabetes
duration and higher HbAlc values, suggesting as one would
expect, that with a longer diabetes duration, beta cell function
would decline and glucose control deteriorates. However our data
indicate that such stratification is not feasible in clinical practice.
And although both insulin sensitivity and insulin secretion tend to
decline with ageing [30,46], in our cohort, ageing and duration of
diabetes were not independently related to PI/I ratio. The
relatively younger age of our study subjects and the lack of
reliability of diabetes duration estimates may be likely explanations
for these results. The finding that age and diabetes duration were
partly unrelated to PI/I values may also indicate that the decline
in beta-cell function does not follow a regular timeline but it is
variable and potentially influenced by different individual factors
instead.

Among such factors, the level of gluco- and lipotoxicity and/or
subclinical inflammation may play a role. Added to these, several
growth factors, cytokines, hormones, including free fatty acids and
inflammatory markers may induce beta-cell apoptosis [4-15]. In
our study, circulating levels of IL-6, CRP, and NEFA were not
related to beta-cell dysfunction at multivariate analysis, and blood
sample collection in the fasting state may also have played a role,
since circulating NEFA levels may be elevated in the post-
absorptive period in diabetic subjects.

Furthermore, there was an overall decreasing trend for
circulating levels of these inflammatory and lipotoxicity markers
with increasing PI/I ratio values, although with gender-specific
associations, which is likely explained by the stronger association of
central obesity and chronic subclinical inflammation with the
insulin-resistant phenotype. The different strength of the associ-
ation of PI/I values with obesity and CRP levels in men and with
IL-6 in women is difficult to be interpreted and would be likely
clarified at the follow-up analysis.

Also, the proportion of smokers was higher in subjects in the top
PI/I quartiles, but this association was no longer confirmed at
multivariate analysis.

This study has several limitations principally related to its cross-
sectional nature. Furthermore, other factors such as lifestyle
measures [47] and genetic variants [48]potentially associated with
beta-cell decline were not specifically assessed in the current
analysis. Another limitation of our study is that we did not use
more sophisticated and precise measures of insulin secretion. At
this regard, it is important to note that PI/I ratio is a static
measure, and its association with male sex and the use of
secretagogues in a cross sectional study does not mean that these
factors are “causally” related with the decline of beta cell function
over time.
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However, the aim of the BetaDecline study was to individuate
tools to deal with the progressive decline of beta-cell secretion and
its potential determinants in the clinical practice, and measuring
PI/1 ratio together with clinical information may be suitable to this
purpose. At this regard, a strong point of the study is that the data
were collected in a large outpatient population and so very likely
reflect the real-world characteristics of diabetic patients attending
a diabetes care center.

In conclusion, in this large cohort of type 2 diabetic outpatients,
baseline higher PI/I values, a marker of beta-cell dysfunction,
were more frequent in men and those using secretagogues.

These results need to be confirmed in the ongoing follow-up
analysis of our study, since identifying specific metabolic and
personal variables able to predict the degree of beta-cell loss over
time will provide new tools to design better strategies for diabetes
prevention and management.

Supporting Information

File S1 File containing Tables S1 and S2. Table SI:
Patient characteristics according to quartiles of beta-cell insulin
secretion, as evaluated by proinsulin/insulin (PI/I) ratio, in male
participants. Data are no. (%) and means = SD. FBG, fasting
blood glucose; PPG, postprandial blood glucose; SBP and DBP,
systolic and diastolic blood pressure; CRP, C-reactive protein; IL-
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