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Abstract
Aims We aimed at evaluating residual β-cell function in insulin-treated patients with type 2 diabetes (T2D) while deter-
mining for the first time the difference in C-peptide level between patients on basal–bolus compared to those on the basal 
insulin scheme, considered as an early stage of insulin treatment, together with assessing its correlation with the presence 
of complications.
Methods A total of 93 candidates with T2D were enrolled in this cross-sectional study and were categorized into two groups 
based on the insulin regimen: Basal–Bolus (BB) if on both basal and rapid acting insulin, and Basal (B) if on basal insulin 
only, without rapid acting injections. HbA1c, fasting C-peptide concentration and other metabolic parameters were recorded, 
as well as the patient medical history.
Results The average fasting C-peptide was 1.81 ± 0.15 ng/mL, and its levels showed a significant inverse correlation with the 
duration of diabetes (r = -0.24, p = 0.03). Despite similar disease duration and metabolic control, BB participants displayed 
lower fasting C-peptide (p < 0.005) and higher fasting glucose (P = 0.01) compared with B patients. Concentrations below 
1.09 ng/mL could predict the adoption of a basal–bolus treatment (Area 0.64, 95%CI:0.521–0.759, p = 0.038, sensitivity 
45% and specificity 81%).
Conclusions Insulin-treated patients with long-standing T2D showed detectable level of fasting C-peptide. Measuring the 
β-cell function may therefore guide toward effective therapeutic options when oral hypoglycemic agents prove unsuccessful.

Keywords C-peptide · Insulin treatment · Beta cell · Type 2 diabetes

Introduction

The prevalence of type 2 diabetes (T2D) is increasing world-
wide, mainly driven by that of obesity [1, 2], with significant 
repercussions on health and economy [3]. Many interven-
tions are put into action to prevent or delay the onset of 
diabetes [4–13]; oral glucose lowering medications or non-
insulin injectables are then used first to obtain glucose con-
trol upon diagnosis [14], whereas at later stages of progres-
sion insulin therapy is usually introduced [14]. The natural 
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history of T2D is characterized by a progressive onset of 
hyperglycemia, resulting from a decline in β-cell function. 
It has been established that approximately 40–50% β-cell 
function is lost at the time of T2D diagnosis, with an addi-
tional estimated 4%–5% reduction each year afterwards [15]. 
Typically, the higher the magnitude of hyperglycemia, the 
worse the pancreatic impairment relative to insulin secretion. 
The Center for Disease Control (CDC) defines HbA1c ≥ 9% 
(75 mmol/mol) as poor control, and, according to the 2017 
Healthcare Effectiveness and Information Set (HEDIS) data, 
a significant proportion of individuals fall into this category, 
making effective treatments urgently needed [16].

Insulin treatment is indicated in those who are no longer 
able to reach an appropriate HbA1c target through the 
use of oral antidiabetic drugs (OADs) and/or non-insulin 
injectables [14], and the introduction of basal insulin as add-on to 
OADs is usually suggested. This, in theory, is due to sec-
ondary β-cell failure, notwithstanding residual function not 
routinely assessed through direct measurement. Therefore, 
some patients run the risk of being prematurely or inappro-
priately treated with insulin, with the possible consequence 
of incurring into unwanted side effects such as weight gain 
and hypoglycemia [17]. Evaluating the residual β-cell func-
tion of insulin treated patients with T2M could aid in deter-
mining whether insulin therapy may be switched to other 
non-insulin therapeutic schemes, such as GLP-1 analogs or 
SGLT-2 inhibitors, possibly in association with the same 
insulin, a decision which is currently solely dependent on 
HbA1c levels.

Fasting plasma C-peptide is a well-established marker of 
residual β-cell function. Its values  correlate with endogenous 
insulin production, type of diabetes, disease duration, and 
the age of the patient at the time of diagnosis [18].

This study aimed to evaluate the residual β-cell function 
in long standing insulin-treated T2D patients and to explore 
the utility of C-peptide measurement as a marker of diabetes 
related complications. Basal insulin usually is the first step 
in the initiation of insulin-based therapies, and this study 
for the first time identifies to what extent the C-peptide level 
differs between patients on basal–bolus compared to those 
on basal insulin scheme.

Materials and methods

Patients were consecutively enrolled at the outpatient service 
Unit of Endocrinology and Diabetes of Campus Bio-Medico 
University of Rome (UCBM). Inclusion criteria are as fol-
lows: a diagnosis of T2D according to ADA criteria [19]; age 
above 18 years; and current treatment with insulin. Those with 
a diagnosis of T2D following a pancreatectomy or whose T2D 
treatment had been modified within the preceding 3 months 
were excluded. Written consent from all participants was 

obtained before the commencement of the study. The study 
protocol was conducted in accordance with the principles of 
the Declaration of Helsinki and was approved by University 
Campus Bio-Medico’s ethical committee.

In this cross-sectional study, physicians examined the study 
subjects, and medical history was recorded; then, a registered 
dietitian measured anthropometric parameters. Body weight 
and height were obtained in the morning upon an overnight 
fast (last insulin injection at 8 pm the preceding day), and 
patients were allowed to wear light clothing but no shoes. 
The same stadiometer and calibrated scale were used for all 
patients. Fasting blood samples were collected by venipunc-
ture, and were then transferred to the local laboratory, where 
glucose, HbA1c, C-peptide, total cholesterol, High-Density 
Lipoprotein (HDL), Low-Density Lipoprotein (LDL), triglyc-
erides, and creatinine were measured according to the local 
standards of practice. The estimated glomerular filtration rate 
was calculated using the CKD-EPI formula.

The duration of T2D and a complete list of current phar-
macological treatment were determined according to records 
retained by the physician and cross-checked with those pro-
vided by the patient. Presence of T2D related complications, 
namely cardiovascular disease, retinopathy, nephropathy, 
neuropathy, and also dyslipidemia, were assessed through 
in-person interview and physical examination, together with 
the consultation of their medical records, in accordance with 
current guidelines.

Patients were then categorized according to the treatment 
scheme: Basal–Bolus (BB group) if they were injecting with 
both basal insulin every 24 h and rapid acting insulin boluses 
at meal-time; and Basal (B group) if they only used basal 
insulin, with no rapid acting injections at meals.

The Statistical Package for Social Sciences (SPSS), v.20 
was used for the statistical analysis. Results are presented as 
means ± SE. Variables were assessed for normality with the 
Kolmogorov–Smirnov test. Not normally distributed vari-
ables were log-transformed. A Student’s t-test was used to 
compare subjects in the BB group with those in the B group. 
Chi-square or Fisher exact test were used for dichotomous 
variables analysis. A Pearson correlation method was used 
to analyze the correlation between continuous variables. A 
ROC area under curve (AUC) was performed to investigate 
which threshold of C-peptide level could predict the possi-
bility of requiring a BB instead of a B only insulin treatment. 
Graphpad Prism was used to create graphs. P values < 0.05 
were considered statistically significant.

Results

Ninety-three participants were enrolled, and patients’ fea-
tures are summarized in Table 1. Briefly, mean age was 
71.6 ± 0.9  years, BMI 30.84 ± 0.63  kg/m2, 55.7% were 
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female, and mean disease duration was 20 ± 1 years, with 
an average fasting C-peptide of 1.81 ± 0.15 ng/mL. Most 
patients were on concomitant treatment with insulin and one 
or more OADs/non-insulin injectables such as metformin 
(47%), sulfonylureas (14%), DPP4-inhibitors (5.4%), GLP-1 
RA (10%), and SGLT2 inhibitors (11%).

C-peptide levels showed a significant inverse correlation 
with the duration of diabetes (r = -0.24, p = 0.03; Fig. 1), 
but not with HbA1c and fasting glycaemia (Supplemental 
Fig. 1 A and B, respectively). Interestingly, fasting C-pep-
tide levels were significantly higher in patients presenting 
nephropathy compared to those who did not (2.53 ± 0.38 ng/
mL and 1.55 ± 0.13 ng/mL, respectively; P = 0.027, Sup-
plemental Fig.  2) and trended higher in the uppermost 
quartiles of kidney failure stages (n of trials, Mean ± SE; 
Stage I 19, 1.58 ± 0.2 ng/mL; Stage II 34, 1.37 ± 0.2 ng/
mL; Stage III 30, 2.1 ± 0.3 ng/mL; Stage IV 7, 2,4 ± 0.5 ng/
mL, respectively; p = 0.06; Supplemental Fig. 3). A linear 
multivariate analysis showed that triglycerides (βs 0.828 
95% CI (0.503–1.152) P < 0.0001, Supplemental Fig. 4) and duration of T2D (βs −0.055 95% CI (−0.088–0.022) 

P < 0.035, Supplemental Fig. 4) were the only significant 
markers of C-peptide concentration, even after adjustment 
for HDL, total cholesterol, kidney function, insulin require-
ment, HbA1c, BMI and age (see also Supplemental Fig. 4). 
HDL showed a trend increase with the rise of C-peptide con-
centration (βs 95% CI 0,387, (−0,0022–0,796), P = 0.063, 
Supplemental Fig. 4).

Despite a similar disease duration, participants belong-
ing to the BB group displayed lower fasting C-peptide lev-
els (1.51 ± 0.14 ng/mL vs.2.03 ± 0.22 ng/mL, respectively 
p < 0.005; Table 2, Fig. 2) and higher fasting glycemia 
(171 ± 8.71 mg/dL vs. 142 ± 6.73 mg/dL, respectively, 

Table 1  Demographic and metabolic characteristics of the partici-
pants

 Data shown as means ± standard error (SE) of the mean for continu-
ous variables and n (%) for dichotomous variables
T2D Type 2 Diabetes; BMI Body mass index; e GFR Estimated glo-
merular filtration rate (EPI–CKD calculation), HDL High density 
lipoprotein; LDL Low density lipoprotein; OADs Anti diabetic drugs; 
DPP4-i Inhibitors of dipeptidyl peptidase 4; GLP-1 RA Glucagon-
like peptide-1 receptor agonists; SGLT2-i Sodium-glucose cotrans-
porter 2 inhibitors

n 93
Women n (%) 48 (55.7)
Age (years) 71.50 ± 0.81
Duration of T2D (years) 20 ± 1.1
BMI (kg/m2) 30.84 ± 0.64
C-Peptide (ng/mL) 1.81 ± 0.15
Creatinine (mg/dL) 1.12 ± 0.05
e GFR (ml/min) 64.92 ± 2.53
Insulin requirement (IU/Kg) 0.55 ± 0.06
Glycaemia (mg/dL) 161.8 ± 6.52
HbA1c (%) 7.84 ± 0.12
HbA1c (mmol/mol) 62.22 ± 1.28
Total Cholesterol (mg/dl) 151 ± 3.69
HDL (mg/dl) 47.9 ± 1.67
Triglycerides (mg/dl) 151 ± 7.77
LDL (mg/dl) 72.27 ± 3.76
Concomitant OADs
 Metformin 44 (47)
 Sulfonylureas 13 (14)
 DPP4-i 5 (5.4)
 GLP-1 RA 9 (10)
 SGLT2-i 10 (11)

Fig. 1  Correlation plots of Fasting C-peptide concentration and dura-
tion of Type 2 Diabetes in years, including all the enrolled popula-
tion. P is from a Pearson correlation analysis

Fig. 2  Scatter dot plots representing fasting C-peptide levels distribu-
tion and black lines representing fasting C-peptide mean ± SE in the 
Basal and Basal Bolus groups. P is from a Student’s t-test for inde-
pendent variables
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P = 0.01; Table 2) compared to those in the B group. A 
receiver operating characteristic (ROC) curve showed that 
a C-peptide concentration below 1.09 ng/mL could predict 
the adoption of a basal–bolus treatment with a sensitiv-
ity of 45% and specificity of 81% (Area 0.64, SE 0.061, 
95% CI 0.521–0.759, P = 0.038, Supplemental Fig. 5). 
Predictably, the insulin requirement for patients in the 
BB group was significantly higher compared to those in 
the B group (0.74 ± 0.06 IU/Kg vs. 0.08 ± 0.05 IU/Kg, 
p < 0.0001; Table 2). Moreover, the B group presented 
with an increased use of OADs (Table 2); although none 
of the patients in the B group was on SGLT2i therapy, 
while 10.8% of BB group was on this drug class (Table 2). 
Furthermore, the eGFR was significantly lower in the BB 
group compared to the B group (61.82 ± 3.01 ml/min vs. 
72.53 ± 4.37 mL/min, respectively, P = 0.049; Table 2), 
with no difference observed regarding macrovascular 
complications, retinopathy, hypertension or dyslipidemia. 
Conversely, an increase in nephropathy and neuropathy 
among microvascular complications was observed in the 

BB group (p = 0.062 and 0.1, respectively; Supplemental 
Table 1).

Discussion

Nowadays, among other clinical features [20, 21], the clini-
cal role of C-peptide is mainly that to exclude an absolute 
insulin deficiency at the time of diagnosis and despite its 
possible role in the T2D clinical management has been 
widely studied, still controversies remain. In addition, since 
basal insulin is usually the first step of insulin-based thera-
pies, herein for the first time, we explored to what extent 
the C-peptide level differs between patients on basal–bolus 
compared to those on basal insulin scheme. In a recent sys-
tematic review by Shields et al., it was found that a fasting 
C-peptide of 0.2 nmol/l (0.6 ng/mL) could differentiate insu-
lin requirement among patients diagnosed with T2D [22]. 
Nevertheless, an open debate remains whether C-peptide 
measurement can be introduced in clinical practice to detect 

Table 2  Results concerning 
anthropometry and metabolic 
features of the basal–bolus and 
the basal group

Data shown as means ± standard error (SE) of the mean for continuous variables and n (%) for dichotomous 
variables. P is from a Student’s t-test for independent variables for continuous variables and a Chi-square 
test or Fisher exact test for dichotomous variables
BB Basal–bolus; B Basal; BMI Body mass index; e GFR Estimated glomerular filtration rate (EPI–CKD 
calculation), HDL High density lipoprotein; LDL Low density lipoprotein; OADs Anti diabetic drugs; 
DPP4-i Inhibitors of dipeptidyl peptidase 4; GLP-1 RA Glucagon-like peptide-1 receptor agonists; 
SGLT2-i Sodium-glucose cotransporter 2 inhibitors
* The results were considered statistically significant when p < 0.05

BB B P

n 67 26
Women n (%) 34 (36) 14 (20) 0.79
Age (years) 72.33 ± 0,937 69.62 ± 1.828 0.15
Duration of the disease (years) 20.75 ± 1,352 19.14 ± 2.314 0.54
BMI (kg/m2) 30.66 ± .69 31.26 ± 1.42 0.67
C-peptide (ng/mL) 1.51 ± 0.14 2.03 ± 0.22 0.005*
Creatinine (mg/dL) 1.16 ± 0.06 0.99 ± 0.07 0.081
e GFR (mL/min) 61.82 ± 3.01 72.53 ± 4.37 0.049*
Insulin requirement (IU/Kg) 0.74 ± 0.06 0.08 ± 0.05  < 0.0001*
Glycaemia (mg/dL) 171.26 ± 8.71 142.06 ± 6.73 0.01*
HbA1c (%) 7.87 ± 0.14 7.69 ± 0.23 0.51
HbA1c (mmol/mol) 63 ± 1.56 60 ± 2.18 0.51
Total cholesterol (mg/dl) 151.73 ± 4.37 151.15 ± 7.01 0.94
HDL (mg/dl) 48.71 ± 2.12 45.96 ± 2.52 0.73
Triglycerides (mg/dl) 149.78 ± 9.76 153.96 ± 12.46 0.45
LDL (mg/dl) 71.46 ± 4.73 74.35 ± 5.75 0.81
Concomitant OADs (%)
 Metformin 37.3 73.1 0.002*
 sulfonylureas 0 38.5  < 0.0001*
 DPP4-inhibitors 0 19.2  < 0.0001*
 GLP-1 RA 0 35  < 0.0001*
 SGLT2 inhibitors 15 0 0.037*
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residual β-cells function in poorly controlled patients with 
diabetes mellitus. In this respect, some studies evaluating 
conditions influencing the efficacy of non-insulin therapies 
and insulin treatment reported significant associations with 
fasting C-peptide [18, 23]. Similarly, stimulated C-peptide 
levels were found to predict a successful response to oral 
antidiabetic therapy after discontinuation of insulin [24]. 
A previous study observed that prandial insulin injection 
had a greater impact on glucose response in patients with 
a lower level of endogenous insulin (as defined by a fast-
ing C-peptide < 0.29 nmol/l), but was less effective in those 
with higher C-peptide levels, suggesting that other glucose-
lowering agents, possibly acting on insulin resistance in 
combination with basal insulin, might be considered for this 
subgroup of patients [25].

We report, as expected, that C-peptide correlated with the 
duration of diabetes. This finding is consistent with previous 
reports [18] and reflects the progressive decline of β-cells 
function (secondary failure) that characterizes the natural 
course of the disease. A 10-years-disease duration seems to 
be the threshold after which β-cell loss becomes permanent 
and difficult to restore when achieving normoglycemia [26]. 
Interestingly, our patients had a mean disease duration of 
20 years and yet had detectable C-peptide, including those 
on a basal–bolus regimen. It could be therefore postulated 
that the onset of secondary failure may take place much later 
than previously reported. Our findings may have potential 
implications for the clinical management of T2D. ADA/
EASD guidelines currently suggest adding insulin ther-
apy based primarily on HbA1c levels, starting by adding 
basal insulin treatment when HbA1c levels are above target 
despite maximal doses of combined OADs/injectable non-
insulin drugs, and further transition into a basal–bolus regi-
men in case the target is not reached [19]. As a result, insulin 
regimens are often improperly prescribed at an early stage of 
the disease when β-cell reserve is still present, unnecessarily 
exposing patients to unwanted side effects such as weight 
gain and hypoglycemia. Taking into account previous stud-
ies, we assume that, in our cohorts, fasting C-peptide levels 
may reflect a certain degree of residual β-cells function that 
might open the way for effective alternative therapies, when 
not contraindicated. Although there is evidence that insu-
lin therapy improves β-cell function reducing glucotoxicity 
[27], a large body of preclinical and clinical data demon-
strated that some glucose lowering agents, including dipep-
tidyl peptidase 4 (DPP-4) inhibitors [28], GLP1-RAs [29] 
and SGLT-2i [30], could be effective in slowing down β-cell 
loss, thereby improving the natural course and prognosis of 
the disease. The introduction of these cytoprotective medi-
cations could possibly be the reason why we found detect-
able C-peptide in patients with such a long-standing T2D, 
conversely to what observed in older studies. It should also 
be noted that most patients advancing toward poor glycemic 

control, and therefore being switched to insulin treatment, 
are often older adults, where the possible simultaneous pres-
ence of poor eyesight might predispose to dosing mistakes 
posing at increased risk of severe adverse consequences. 
Alternatives to insulin treatment should therefore be con-
sidered for the more favorable safety profile. Thus, in addi-
tion to the HbA1c evaluation, it may be critical to assess 
the residual β-cell function in order to identify who cannot 
avoid insulin treatment, currently considered the last resort 
of diabetes treatment. Moreover, we propose a C-peptide 
level cut-off of 1.09 ng/mL, under which the introduction 
of insulin boluses on top of basal insulin may be advisable.

Increasing evidences from other studies are revealing that 
C-peptide is associated with microvascular complications 
[31, 32]. In our cohort, no significant differences both in 
macrovascular and microvascular complications were found 
between the subgroups. However, fasting C-peptide levels 
showed significantly higher concentrations in subjects with 
nephropathy compared to those who did not. It is important 
that fasting C-peptide be interpreted with caution in case of 
renal impairment. In fact, C-peptide is partially removed by 
urine excretion, therefore its level can be falsely elevated 
in the case of renal failure [33]. In this study, the median 
value of eGFR was more than 60 mL/min in both B and BB 
groups, confirming a globally maintained renal function, but 
we are unable to exclude partial filtration impairment as a 
possible cause of the observed finding.

Intriguingly, triglycerides and disease duration were inde-
pendently associated with C-peptide levels after adjustment 
for several possible confounders. The finding might be inter-
preted in light of the fact that serum triglycerides represent 
indirect markers of liver fat deposition and more generally 
of ectopic deposition of lipids. It is, in fact, well established 
that this is a crucial step in the development of insulin resist-
ance, which is the main condition inducing increased insulin 
secretion [34]. Disease duration from the other side is well-
known to lead to progressive cell failure, and the finding 
comes therefore not unexpected.

This study presents several limitations. The cross-sec-
tional design prevented a longitudinal evaluation to predict 
C-peptide influence on the natural history of glycemic con-
trol, the possibility to delay insulin treatment and the devel-
opment of complications. The small sample size is also a 
major limitation. Moreover, adult autoimmune forms based 
on the presence of anti-GAD65, anti-IA2, and anti-ZnT8 
antibodies were not examined in our trials, and the inclu-
sion of patients affected by these could have potential distor-
tion on the study as a result of their different characteristics 
and clinical history. However, as the prevalence is very low 
among those with a classical disease progression, the risk 
of bias is very little. C-peptide levels from patients with 
impaired kidney function may have influenced the results; 
however, there was no significant different in C-peptide 
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levels among the 4 stages of kidney failure. Besides, the 
small number of subjects on oral antidiabetic medications 
in the BB group did not allow for proper stratification to 
explore the role of oral anti diabetic medications on C-pep-
tide levels between the two groups.

In conclusion, assessment of β-cell function may be use-
ful in providing additional information on patients’ beta 
cells-status and in guiding toward effective therapeutic strat-
egies both in patients incurring treatment failure with oral 
hypoglycemic agents and in those with long duration of dis-
ease. The use of an easy-to-measure and inexpensive marker 
such as fasting c-peptide should be therefore reconsidered in 
light of recent evidence.
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