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Purpose: This study aimed to compare the proinsulin to C-peptide (PI:C) ratio in
those with recent-onset type 1 diabetes versus those with no diabetes and to
explore the effect of age on PI:C ratio.

Methods: Nineteen participants (n=9 with type 1 diabetes and n=10 with no
diabetes) between 10 and 19 years of age were enrolled in a single-visit cross-
sectional study and underwent blood collection after 10 hours fasting to measure
proinsulin and C-peptide levels as well as other glycemic parameters.

Results: The median PI:C ratio was significantly different between type 1 diabetes
and nondiabetes groups (6.24% vs. 1.46%, P<0.01). A significant negative
correlation was seen between PI:.C ratio and patient age after adjustment for
duration of diabetes (=0.61, P=0.02) in the type 1 diabetes group.

Conclusion: Even in this narrow age window, a higher degree of 3-cell dysfunction
indicated by a higher PI:C ratio was seen in younger children.
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Introduction

The proinsulin to C-peptide (PI:C) ratio may be an indicator of chronic p-cell stimulation
in conditions with B-cell loss as well as of secretion of immature insulin granules.” Increased
secretion of proinsulin relative to fully processed insulin also may be a marker of B-cell
endoplasmic reticulum dysfunction.” Moreover, elevated PI:C ratio has been observed in
patients with both type 1 and type 2 diabetes, as well as people at risk for diabetes before onset
of symptoms,"*¥ Multiple variables may modulate a patients diabetes control and risk for
complications. The purpose of this pilot study was to explore how the PI:C ratio in children
with recent-onset type 1 diabetes (within 5 years of diagnosis) compared to those with no
diabetes and to investigate the effect of age on PI:C ratio.

Materials and methods

1. Participants and research design

This single-visit cross-sectional study was approved by the Pennington Biomedical Research
Center Institutional Review Board (Study #2016-056). Participants were asked to report to
the Pennington Biomedical Outpatient Clinic in the morning after 10 hours fasting. Parental
consent and participant assent were obtained prior to any study procedures. Children/
adolescents from 10-19 years of age who had been diagnosed with type 1 diabetes within the
past 5 years (based on both insulin dependence and self-report) were included. In addition,
children and adolescents of similar ages with no diabetes were also recruited as a control
group. In the type 1 diabetes group, the major exclusion criteria were pregnancy, use of nicotine
products, and use of any medications other than insulin that could alter glucose metabolism.
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In addition to blood analysis, measurements of body weight
and height were recorded to calculate a body mass index
(BMI) and BMI and height z-scores based on current Centers
for Disease Control and Prevention data. A medical history
questionnaire, including information on duration of diabetes
(if applicable) and family history of diabetes, was administered.
Glucose, C-peptide, proinsulin, and hemoglobin Alc (HbAlc)
levels were measured and reported by the Pennington Biome-
dical Clinical Research Laboratory.

Nine children/adolescents diagnosed with type 1 diabetes
and 10 children/adolescents without diabetes were recruited
for the study. HbAlc and glucose (Beckman Coulter, Brea, CA,
USA) were measured to assess glucose control. Proinsulin was
assessed using enzyme-linked immunosorbent assay (Mercodia,
Uppsala, Sweden), while C-peptide level was measured by
immunoassay with chemiluminescent detection (Siemens,
Malvern, PA, USA). The proinsulin assay showed <0.03%
cross reactivity with insulin and <0.006% with C-peptide;
whereas, the C-peptide assay showed 10% cross reactivity with
proinsulin. The lowest limit reportable for proinsulin was 3.53
pmol/L, while the lowest limit reportable for C-peptide was 0.1
ng/mL. For values below the lowest limit reportable, we assigned
a value of one-half the lower limit of detection.” Molar ratios of
proinsulin and C-peptide were calculated and multiplied by 100
to obtain PI:C ratio. Participants were compensated for their
participation.

2. Statistical analyses

Statistical analyses were completed using SAS/STAT software,
ver. 9.4, of the SAS System for Windows (Cary, NC, USA). All
tests were performed with significance level a=0.05, and the
findings were considered significant when P<a. Due to the
small sample size and nonnormality of measured variables, the
distributions of age, BMI z-score, height z-score, HbA I, fasting
glucose, proinsulin, C-peptide, and PI:C ratio were compared
between groups via Wilcoxon rank-sum tests; the results are
reported as medians. Chi-square tests were used to compare sex
and race. The Pearson correlation between PI:C ratio and age
was calculated for the diabetes group and is presented as an r*
value.

Table 2. Characterization of type 1 diabetes participants
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Results

A summary of the study population is shown in Table 1.
There were no differences in median age, median BMI z-score,
median height z-score, sex, or race between the groups. The
median duration of diabetes was 20 months, with a range from
3-47 months. The median HbA ¢ result in the type 1 diabetes
group was 7.3% (56 mmol/mol), compared to 5.1% (32 mmol/
mol) in the nondiabetes group (P<0.01), while the median
fasting glucose value of the type 1 diabetes group was 209 mg/
dL compared to 88 mg/dL in the nondiabetes group (P<0.01).
The median PI:C ratio was significantly different between
the type 1 diabetes and nondiabetes groups (6.24% vs. 1.46%,
P<0.01). In the type 1 diabetes group, there were no statistically
significant correlations between duration of type 1 diabetes
and PI:C ratio or between HbAlc and PI:C ratio. Further
characterization of the type 1 diabetes group is presented in
Table 2. In the type 1 diabetes group, a negative correlation was
observed between PL:C ratio and age, as shown in Fig. 1 (’=0.45,

Table 1. Study population

Variable Type 1 diabetes No diabetes P-value
Age (yr) 12 (10-19) 13.5(10-16) 043
BMI z-score 0.52 (-0.16t0 2.35) 0.85(-0.32t0 2.57) 0.78
Height z-score 0.55(-0.16t0 2.11) -0.08(-1.861t03.19)  0.21
Sex 0.76
Female 3(33.3) 4(40.0)
Male 6 (66.7) 6 (60.0)
Race 0.84
Black 4 (44.4) 4(40.0)
White 5(55.6) 6 (60.0)
Diabetes duration 20 (3-47) =
(mo)
HbATc (%) 7.3 (6.2-144) 5.1(4.7-54) <0.01
Fasting glucose 209 (108-545) 88 (80-96) <0.01
(mg/dL)
Proinsulin (pmol/L)  7.90 (1.76-36.36)  10.79 (4.65-19.62) 0.27
C-peptide (ng/mL)  0.40 (0.05-1.3) 2.25(1.1-4.7) <0.01
PI:.C ratio (%) 6.24 (299-1035) 146 (0.54-191) <0.01

Values are presented as median (range) or number (%).
BMI, body mass index; HbA1c, hemoglobin Alc; PI:.C, proinsulin
to C-peptide.

Age (yr) Diabetes duration (mo) Sex Race HbATc (%)  Proinsulin (pmol/L) C-peptide (ng/mL) PI:C ratio (%)
1 3 F W 6.2 14.55 0.7 6.24
10 39 M W 7.8 1.76 0.05 10.35
13 45 F AA 14.4 1.76 0.1 533
16 4 M W 6.7 790 0.7 3.39
10 4 F W 7.3 36.36 1.3 840
10 43 M AA 6.3 1.76 0.05 10.35
13 18 M AA 6.8 11.95 12 2.99
12 20 M AA 9.6 8.79 04 6.61
19 47 M W 10.0 1.76 0.1 533

HbA1c, hemoglobin Alc; W, White; AA, African American; PI.C, proinsulin to C-peptide.
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Fig. 1. A significant negative correlation was observed between PI:C ratio and
age. PI:C, proinsulin to C-peptide.

P=0.05), and this correlation was even more pronounced when
adjusted for duration of diabetes (=0.61, P=0.02).

Discussion

While we recognize the small number of participants in our
study, our results support previous findings that PI:C ratio is
clearly elevated in patients diagnosed with type 1 diabetes.” Our
results also reinforce previous reports that children with type 1
diabetes who are diagnosed at a younger age have comparatively
greater B-cell dysfunction (as indicated by higher PI.C ratio).”
The participants in our study ranged in age from 10-19 years,
and they had been diagnosed with type 1 diabetes within the
past 5 years (range, 3-47 months). However, we were unable
to determine which participants were still in the "honeymoon
phase” (when the remaining islet cells start producing insulin
temporarily once insulin therapy is initiated), which may have
impacted our results. Younger age correlating with higher PI.C
ratio is consistent with more aggressive type 1 diabetes at a
younger age.”” One hypothesis to explain this trend could be that
there are fewer islet cells and a greater degree of insulitis with a
higher proportion of CD20+ B cells present within the inflamed
islets of younger children compared to older adolescents with
type 1 diabetes.”

Type 1 diabetes is characterized by immune-mediated
destruction of insulin-producing -cells in the pancreas and
leads to lifelong insulin dependence. Thus, it is important to
identify biomarkers that reflect p-cell stress and/or death to
improve our ability to optimally time immunomodulatory
and other interventions for type 1 diabetes.” The PI:C ratio
may be an important biomarker because accumulation and
secretion of inadequately processed proinsulin molecules
are hallmarks of p-cell dysfunction. While antibody testing
remains a major determinant of type 1 diabetes diagnosis,
PIL:C ratio may help to identify high-risk individuals currently
experiencing pre-symptomatic B-cell death.” Sims et al.”
compared PI:C level between antibody-positive individuals
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who progressed to diabetes and those who did not. The median
PIL:C ratio of progressors <10 years old (2.4%) was triple that of
nonprogressors (0.8%), while the older progressors exhibited
less drastically elevated PI:C ratio.” These observations
demonstrate the effect of age on aggressiveness of type 1
diabetes progression. The higher PI:C ratios in our study are
likely a reflection of a greater degree of B-cell stress in patients
with established type 1 diabetes compared to those at risk for
developing type 1 diabetes.

While PI:C ratio has been shown to be a good predictor for
progression to type 1 diabetes, less is known about its utility
in patients already diagnosed with type 1 diabetes and in
other diabetes populations. Future research should consider
a longitudinal assessment of PI:C ratio and other markers of
B-cell stress at multiple time points in a large number of patients
with type 1 or type 2 diabetes who have been diagnosed at
various ages. A better understanding of biomarkers of 8-cell
dysfunction, such as PI:C ratio, may go a long way toward
further understanding progression of types 1 and 2 diabetes.
Comparisons could be made among age groups to determine
variations in B-cell stress and their effects on insulin therapy.

In this small cohort, a higher degree of B-cell dysfunction
indicated by a higher PI:C ratio was seen in younger children
with type 1 diabetes. This trend may indicate that younger
children are more prone to p-cell dysfunction compared to older
children and adolescents. Future longitudinal studies of PI:C
ratio in a variety of patient populations may help identify its
potential as an indicator of prolonged honeymoon at diagnosis,
as a biomarker of B-cell dysfunction in diabetes treatment trials,
and as a predictor of risk for long-term diabetes complications.
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