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Introduction: New antidiabetic drugs have simplified treatment regimens in patients with 
type-2 diabetes (T2D). More importantly, they have proven to reduce cardiovascular risk by 
lowering insulin-resistance, blood pressure and body weight, in addition to avoiding inap-
propriate insulin therapy, responsible for hypoglycemic episodes and weight gain. In this 
context, accurate assessment of the metabolic status of T2D patients becomes essential. The 
C-peptide assay is a simple but often overlooked test that can provide a fundamental 
contribution to the correct disease classification and optimal therapeutic management of 
diabetic patients.
Clinical Case: We report the case of a 72-year-old patient, treated with insulin for 26 years 
after a diagnosis of type-1 diabetes (T1D), resulting in inadequate glycemia control and 
a severe evolution of cardiovascular complications. After an accurate evaluation of the 
clinical history, phenotype and laboratory data, including the determination of C-peptide 
serum levels, a diagnosis was made of T2D not T1D. Considering the patient’s very high 
cardiovascular risk and dysmetabolic profile, insulin therapy was discontinued and more 
appropriate therapy with dulaglutide and metformin was instituted. These overall therapeutic 
modifications yielded remarkable clinical advantages in terms of the glycometabolic profile, 
weight reduction, abdominal circumference and body mass index decrease, as well as a better 
quality of life, with complete resolution of the dangerous hypoglycemic episodes.
Conclusion: In the era of new cardioprotective antidiabetic drugs, we believe the impor-
tance of the C-peptide assay should be re-evaluated in order to avoid misdiagnosis and to 
improve the therapeutic approach to T2D.
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Introduction
Type-2 diabetes (T2D) is becoming more prevalent in the general population, espe-
cially in individuals over the age of 65 years, and is closely linked to cardiovascular 
diseases (CVDs). The treatment of diabetes is challenging, since the aims addressed are 
to achieve metabolic compensation and to reduce micro and macrovascular 
complications.1,2 Cardiovascular outcome trials (CVOTs) have provided useful infor-
mation on the cardiovascular safety and cardio- and nephro-protection achieved with 
the new anti-diabetes drugs, namely Glucagon-like-peptide-1 receptor agonists (GLP-1 
RA) and sodium-glucose transporter-2 inhibitors (SGLT2i). These are both very 
effective pharmacological approaches, currently recommended for T2D, particularly 
in patients with established heart disease or at high risk for cardiovascular events. 
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Nowadays, since the emergence of these revolutionary drugs 
for the treatment of T2D, routine determination of the pan-
creatic β cells reserve has become essential. C-peptide is 
a biomarker of residual β-cell function and can provide 
valuable clinical information, but it is rarely used to classify 
the diabetes type in clinical practice or to manage T2D.3,4 

While type-1 diabetes (T1D) is an autoimmune process lead-
ing to the loss of pancreatic β-cell function, T2D is 
a heterogeneous disease characterized by a combination of 
varying degrees of relative insulin secretory deficiency and 
insulin-resistance linked to the metabolic syndrome, featur-
ing a slower, more protracted course. We report the case of 
a 72-year-old dysmetabolic patient, treated with insulin for 
26 years after a diagnosis of T1D, who developed severe 
CVDs. An accurate evaluation of the clinical history, pheno-
type and especially the measurement of C-peptide levels 
allowed us to correct the T1D misdiagnosis to T2D, and set 
up a more appropriate therapy resulting in metabolic and 
glycemic advantages and a marked improvement of the 
patient’s quality of life. Regular use of the C-peptide assay 
in clinical practice, particularly at the time of first diagnosis, 
might help clinicians to avoid inappropriate use of insulin 
and prevent a detrimental delay in the introduction of new 
cardioprotective antidiabetic drugs.

Clinical Case
A 72-year-old man with a history of T1D was admitted to 
the Department of Internal Medicine complaining of alter-
nating hyperglycemia and numerous hypoglycemic 
episodes.

The patient signed the informed consent for the acqui-
sition, analysis, and publishing of the anonymized data 
collected. Since no personal identification data were used 
in this manuscript, the ethics committee approval is not 
needed.

The patient had been diagnosed with T1D in 1994 at 
a diabetes center and treated with insulin thereafter, con-
tinuing follow-up at an endocrinology department. He was 
a former smoker (15 pack-years), non-drinker, and 
reported a family history of diabetes and cardiovascular 
diseases. After the T1D diagnosis, his clinical course was 
complicated by peripheral neuropathy, arterial hyperten-
sion, OSAS (obstructive sleep apnea syndrome) and multi-
ple episodes of angina, requiring placement of 
intracoronary stents for an N-STEMI (non-ST-segment 
elevation myocardial infarction) in 2011. At the time of 
our first observation, the patient’s medications included 
a β-blocker, an angiotensin-converting enzyme (ACE)- 

inhibitor, double antiplatelet therapy, ranolazine, statins, 
furosemide and pregabalin. Diabetes medications con-
sisted of basal-bolus insulin therapy, in the form of long- 
acting insulin glargine 30 I.U. at bedtime, and short-acting 
insulin lispro at meals (8 I.U. at breakfast and dinner, 15 I. 
U. at lunch). Last year, his family doctor had recom-
mended increasing the doses of short-acting insulin at 
meals, in order to improve the glycemic control, but his 
conditions were deteriorating due to the onset of numerous 
hypoglycemic episodes (up to 4 per day) and an increased 
appetite. At physical examination, the patient had a high 
body mass index (BMI) and abdominal circumference, and 
his condition was classified as metabolic syndrome with 
class I obesity (Table 1). The laboratory tests showed 
unsatisfactory glycemic compensation and a suboptimal 
lipid profile but preserved renal function (see Table 1). 
Serum C-peptide levels had never been determined in any 
of the patient’s clinical records. Nor had the presence of 
autoantibodies to diabetes-associated antigens ever been 
evaluated since the T1D diagnosis. The fasting serum 
C-peptide assay was performed and resulted within the 
normal range. The patient’s clinical history, as well as 
his phenotype, suggested a diagnosis of T2D rather than 
T1D. This view was confirmed by the finding of normal 
C-peptide levels. Ezetimibe and metformin were added to 
the therapy, and the short-acting insulin dose was tapered 
until complete discontinuation at 10 days. Owing to the 
patient’s very high cardiovascular risk, either an SGLT2i 
or a GLP-1RA was particularly indicated.5–8 His obesity 
status and referred increase in appetite led us to institute 
therapy with dulaglutide, a long-acting GLP-1RA. Over 
the next 4 weeks, the long-acting insulin doses were also 
completely discontinued. After 4 weeks of treatment, the 
patient’s glycated hemoglobin values had normalized and 
no further hypoglycemic episodes occurred. After 2 
months of dulaglutide treatment, and the insulin disconti-
nuation, the patient achieved 10 kg of weight loss and 
a reduction in abdominal circumference by 13 cm.

Discussion
In past decades, randomized trials compared the effect of 
more versus less intensive glycemic control, showing that 
the potential benefit of strict glycemic control on micro-
vascular diabetes complications was counteracted by the 
increased risk of cardiovascular disease and mortality.9 In 
contrast to the more traditional focus on glycemic control, 
new diabetes guidelines increasingly highlight the impor-
tance of multifactorial management focused on 
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cardiovascular risk benefits. Recent CVOTs have provided 
useful information on cardio- and nephro-protection con-
ferred by the new antidiabetic drugs.6,10 In this context, an 
accurate evaluation of the diabetic disease and correct 
determination of pancreatic reserves are crucial to ensure 
optimal care. C-peptide is the part of pro-insulin cleaved 
prior to co-secretion with insulin by pancreatic β-cells. It is 
produced in equimolar amounts to endogenous insulin and 
provides the best gauge of β-cells’ ability to produce 
insulin in diabetic patients, including those treated with 
exogenous insulin.3,11,12 The determination of serum 
C-peptide levels can help to identify subjects whose resi-
dual β-cell function is still sufficient to indicate the use of 

emerging antidiabetic drugs, avoiding the administration 
of exogenous insulin. Instead, very low C-peptide levels, 
suggestive of a defective β-cell secretory function, have 
been indicated as predictors of poor response to GLP-1 
RA.13 Serious errors may arise when T1D is diagnosed 
later in life; in fact, more than 50% of the patients diag-
nosed with T1D after age 35 have been found to have T2D 
at long-term follow-up.14 Furthermore, among T2D 
patients, too often the timing of insulin administration is 
anticipated due to suboptimal glycemic control, potentially 
leading to hypoglycemic episodes, weight gain and 
increased cardiovascular risk. In this context, the 
C-peptide assay is a simple, inexpensive but often 

Table 1 Relevant Patient Data Before (Baseline) and 2, 4 and 8 Weeks After Instituting the New Therapy

Patient Data Normal Range Baseline Week 2 Week 4 Week 8

Glycemic Profile
HbA1c (mmol/mol) ≤40 64 / 47 49

Fasting glucose (mg/dL) 70–100 196 130 130 126

Fasting C-peptide (nmol/L) 0.26–0.6218 0.30 / 0.56 0.46

Lipid Profile
Total cholesterol (mg/dL) ≤200 140 140 82 85

LDL (mg/dL) ≤55a 85 86 36 43

HDL (mg/dL) ≥40 33 32 30 27
Triglicerides (mg/dL) ≤150 109 110 83 90

Renal Function
Creatinine (mg/dL) 0.67–1.17 1.01 1.05 1.04 1.02

eGFR (mL/min/1.73 m2) ≥90 74 71 72 73

Anthropometric Assessments
Weight (kg) ≤73b 90 87.5 86 80

BMI (kg/m2) ≤25 31.1 30.2 29.7 27.7
Waist circumference (cm) ≤94 115 110 108 102

Arterial Pressure
PAS/PAD (mmHg) ≤130/≤80c 155/60 145/75 140/70 140/70

Heart Rate (bpm) 60–80 55 58 60 60

Anti-Diabetic Therapy
Short-acting insulin (I.U./day) 31 0 0 0
Long-acting insulin (I.U./day) 30 30 10 0

Metformin (mg/day) 0 750 750 750

Dulaglutide (mg/week) 0 1.5 1.5 1.5

Hypocholesterolemic Therapy
Atorvastatin (mg/day) 40 40 40 40
Ezetimibe (mg/day) 0 10 10 10

Hypoglycemic Events/Wweek 20 4 0 0

Notes: aLDL target for patients with T2DM at high cardiovascular risk.19 bIdeal weight for height of 171 cm. cAppropriate arterial pressure for patients with T2DM and 
hypertension at high cardiovascular risk.19 

Abbreviations: HbA1c, glycated hemoglobin; LDL, low-density lipoprotein; HDL, high-density lipoprotein; eGFR, estimated glomerular filtration rate; BMI, body mass 
index; SBP, systolic blood pressure; DBP, diastolic blood pressure.
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overlooked laboratory test that can provide an essential 
contribution to the differential diagnosis between T1D and 
T2D and to a correct determination of pancreatic reserves 
in T2D.15,16 This patient did not have the typical hallmarks 
of immune-mediated T1D and his normal C-peptide value 
was poorly compatible with a diagnosis of T1D 26 years 
after the disease onset. The patient’s complaint of an 
increased appetite, the absence of clinical evidence of 
heart failure, as well as our aim to simplify the therapeutic 
schedule, constituted the rationale for prescribing metfor-
min and dulaglutide and discontinuing exogenous insulin 
therapy. After only 4 weeks of treatment the C-peptide 
levels had further increased, indicating a satisfactory resi-
dual β-cell function. Following these therapeutic changes, 
the patient’s quality of life significantly improved, thanks 
to the reduced subcutaneous administration of drugs (from 
4 per day to 1 per week) and resolution of the frequent 
hypoglycemic episodes. Hypoglycemia has long been 
recognized as a dangerous side effect of treating diabetes 
with insulin or insulin secretagogues. Indeed, hypoglyce-
mia is associated with negative life consequences, ranging 
from the disruption of daily activities to psychosocial 
problems for both patients and their family members, in 
addition to increasing cardiovascular risk and mortality.9,17 

After a few days of treatment with dulaglutide and insulin 
discontinuation, the quality of life of our patient had 
improved considerably, as also his therapeutic compliance. 
Other clinical advantages included the normalization of 
glycated hemoglobin values, a decreased appetite, 10 kg 
of weight loss in only 2 months and a 13 cm reduction in 
abdominal circumference, all yielding unquestionable 
health benefits.

The study's strong point lies in the evidence that 
C-peptide evaluation changed the diagnosis and therapeu-
tic management of our patient. Accordingly, the use of 
C-peptide as a preliminary test in clinical practice may 
help clinicians to institute the most suitable antidiabetic 
therapy as early as possible, and also encourage them to 
refrain from prescribing insulin at all, when it may actually 
be useless.

The main limitation is that the c-peptide assay is 
a well-known but overlooked test and the official guide-
lines on medical care in diabetes and pre-diabetes do not 
exploit it for the correct classification of patients. For this 
reason, there are not yet data in the literature to support 
our view that re-evaluating c-peptide dosage as a key tool 
may offer a novel approach to diabetic disease 
management.

Conclusion
We believe that in the era of the new cardioprotective antidia-
betic drugs, the C-peptide assay may be the natural laboratory 
complement to clinical signs and symptoms in T2D patients, 
offering the advantage of avoiding inappropriate prescription 
of insulin to dysmetabolic and insulin-resistant patients. 
A correct clinical classification of our patient and the determi-
nation of a preserved pancreatic β-cell function with this 
simple test led us to introduce a more beneficial and appro-
priate antidiabetic therapy. The application of this test in 
clinical practice might have important implications on cardio-
protection and body wellness in diabetic patients. Certainly, 
inappropriate or overuse of insulin in dysmetabolic and high 
cardiovascular risk patients is no longer acceptable, and should 
be considered deleterious to their health and quality of life. 
This strongly suggests that the C-peptide assay needs to be re- 
evaluated as a key tool for use in daily clinical practice.
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