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Article 
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Orsolya Szathmári, Erika Fésüs and Réka Horváth 

International Center for Medical Nutritional Intervention, Budapest, Hungary; borkaandi69@gmail.com (A.D.); 
andrasofszkyeniko61@gmail.com (E.A.); schimmer.maca@gmail.com (M.S.); nataliebalance@gmail.com (N.D.); 
orsolya.szathmari@icloud.com (O.S.); erika.icmni@gmail.com (E.F.); whoisreka@hotmail.com (R.H.) 
* Correspondence: clemenszsofia@mail.com 

Abstract: C-peptide is used as a measure of endogenous insulin production. Given that insulin and C-peptide 
are produced in equal amounts, C-peptide is typically used to differentiate between external and endogenously 
produced insulin in insulin-treated type 1 diabetes mellitus (T1DM). In a clinical seĴing, a decline in C-peptide 
is regarded as a loss of beta cell function. However, physiological conditions may also be associated with low C-
peptide levels. The authors of this paper use a low-carbohydrate diet, the so-called paleolithic ketogenic diet 
(PKD), in the treatment of various conditions and observed that C-peptide is typically low on this diet. In order 
to characterize C-peptide levels on this diet, we designed a study to retrospectively assess C-peptide levels in 
100 non-T1DM subjects. We found that 55% of the subjects had a C-peptide level below the standard reference 
range. C-peptide levels correlated with glucose levels. A significant correlation was found between C-peptide 
and age, with younger subjects having lower C-peptide levels. Males also showed lower C-peptide levels than 
females. Given the increasing number of patients using low-carbohydrate diets worldwide, physicians should 
be aware of laboratory correlates of low-carbohydrate diets, including low C-peptide levels, most importantly 
to prevent incorrect T1DM diagnosis. 

Keywords: C-peptide; paleolithic ketogenic diet; diabetes; T1DM; low-carbohydrate diet; insulin 
 

Introduction 
C-peptide is a reliable measure of endogenous insulin production as it is secreted in 1:1 ratio to 

insulin in pancreatic beta cells after cleavage of proinsulin. The rationale for measuring C-peptide 
instead of insulin is to discriminate between endogenously produced and external insulin in insulin-
treated type 1 diabetes mellitus (T1DM) patients. Most C-peptide-related research has focused on 
T1DM, while much less is known about the characteristics of C-peptide outside T1DM. 

The normal physiological range for the fasted C-peptide is 0.9-1.8 ng/ml (Yosten et al., 2014). 
C-peptide lower than 0.6 ng/ml is regarded as an indicator of beta-cell failure and, therefore, is 

used as a diagnostic marker for T1DM (Leighton, 2017). 
In clinical practice, measurement of C-peptide is limited to T1DM and a few other rare 

conditions like insulinoma, beta-cell tumor, and sulfonylurea therapy (Venugopal et al., 2021). Since 
these laĴer conditions are associated with elevated C-peptide levels, low C-peptide levels in the 
clinical routine are typically linked to T1DM. However, beyond T1DM, other conditions are 
associated with low C-peptide levels, too. These conditions are physiological and include fasting and 
low-carbohydrate diets. In our experience, clinicians often dismiss these conditions when seeing a 
low C-peptide level. 

Currently, an increasing number of people are following different forms of low-carbohydrate 
diets or practicing fasting. In the absence of support from a medical professional trained in low-
carbohydrate diets, most of them are self-administering such diets. Most often, they are left without 
professional help when it comes to the evaluation of the blood work. 

Disclaimer/Publisher’s Note: The statements, opinions, and data contained in all publications are solely those of the individual author(s) and 
contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to people or property resulting 
from any ideas, methods, instructions, or products referred to in the content.
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The authors of this article have been using a low-carbohydrate diet, denoted paleolithic 
ketogenic diet (PKD), in the treatment of chronic diseases, including diabetes, autoimmune diseases, 
epilepsy, and cancer, for the last 12 years. 

Thus far, we have published several case reports of patients successfully treated with the PKD. 
These include: type 2 (Tóth and Clemens, 2015a) and type 1 diabetes (Tóth and Clemens, 2014; 2015b), 
Crohn’s disease (Tóth et al, 2016), Gilbert’s syndrome (Tóth and Clemens, 2015c), epilepsy (Clemens 
et al., 2013, 2015); complete reversal of cervical intraepithelial neoplasia (Tóth et al., 2018); halted 
progression of soft palate cancer (Tóth and Clemens, 2016), regression of rectal cancer (Tóth and 
Clemens, 2017) and unexpectedly long survival with glioblastoma (Tóth et al., 2019). In 2017, we 
published a study with 50 patients on the PKD with 98% showing magnesium levels in the normal 
range, which is unexpected for a population with chronic diseases. This finding highlights that a low-
carbohydrate diet may be associated with laboratory findings different from those generally seen. 

In our practice, we have seen cases where individuals following a low-carbohydrate diet were 
wrongly diagnosed with T1DM, and some of them were therefore put on insulin therapy. This is 
because ketones are generally present in the urine in diabetic ketoacidosis and it is sometimes 
assumed that T1DM is also the cause of ketonuria in low-carbohydrate dieters. Thus, a low C-peptide 
level combined with urinary ketones may increase the likelihood of misdiagnosing a potentially 
healthy low-carbohydrate dieter as a T1 diabetic. 

Previously, we have published cases of new-onset T1DM where, besides long-term 
normoglycaemia and insulin-freedom, the PKD also resulted in preservation or an increase in C-
peptide level, indicating preservation and/or restoration of endogenous pancreatic insulin 
production capacity over time (Tóth and Clemens, 2014, 2015b; Clemens and Tóth, 2018). Importantly, 
restoration of endogenous pancreatic insulin production is typically not seen in T1DM on other 
versions of the ketogenic diet. 

We also observed that even though PKD prevents a progressive decline of C-peptide in new-
onset T1DM cases, C-peptide levels typically remain below the reference range (Tóth and Clemens, 
2014, 2015b; Clemens and Tóth, 2018). In order to differentiate between the loss of insulin production 
and the effect of a low-carbohydrate diet, we introduced the measurement of the stimulated C-
peptide, which includes the measurement of C-peptide after a regular PKD meal (Tóth and Clemens, 
2015b; Clemens and Tóth, 2018). We believe that the combination of the two measurements provides 
a beĴer grasp of endogenous insulin production. Of importance, we observed that not only newly 
diagnosed T1DM patients have low C-peptide levels on the PKD but patients with other conditions 
and healthy persons, too. These patients and healthy subjects have no symptoms indicative of T1DM. 

In order to characterize C-peptide levels in non-T1DM subjects following the PKD, we 
retrospectively analyzed laboratory data from 100 subjects on the PKD. 

Methods 
Patients/subjects 

We included patients and healthy subjects who conformed the below criteria: 
(1) Had an initial consultation with us and took part in our 2-weeks follow-up program to ascertain 

that they correctly understand and effectuate the diet 
(2) Had at least one follow-up laboratory blood work that included C-peptide levels 
(3) Had a diagnosis other than T1DM or were healthy 
(4) Have been adherent to the diet as assessed by patient feedback and the laboratory blood work  
(5) Have not been receiving chemotherapy, radiotherapy, or any medicinal therapy nor taking 

dietary supplements at the time of the laboratory test 
We identified 100 subjects (92 patients and 8 healthy controls) who matched criteria 1-5. If more 

than one follow-up laboratory report was available for a subject, we used the most recent one for the 
current analysis.  

The study was approved by the institutional review board (3/ 2019.08.30). 

The Paleolithic Ketogenic Diet (PKD) 
The PKD is a meat-fat-based diet similar to the one originally proposed by Voegtlin (1975). The 

diet has roots in both the paleolithic diet as defined by Cordain (2002) and clinical studies that used 
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the paleolithic diet (e.g. Manheeimer et al., 2015) as well as in the classical ketogenic diet that has 
been in use in the last 100 years (Kossoff and Hartman. 2012). The PKD comprises 70-100 % animal-
based food (in volume) with a fat:protein ratio of approximately 2:1 (in grams). 

In the PKD, red and faĴy meats are prioritized, and organ meats are encouraged. Milk, dairy, 
cereals, grains, oilseeds, legumes, nightshades, plant oils (including coconut and olive oil), refined 
sugars, artificial sweeteners, foods with additives, black tea and herbal tea are all prohibited. Vitamin 
or mineral supplements are also prohibited in the PKD. In a few cases, coffee is permiĴed in 
moderation and some patients are allowed to use small amounts of honey. 

Statistical tests 
Pearson correlation was calculated to assess the relation between C-peptide, glucose, and age. 

T-test for independent samples was carried out to compare C-peptide and glucose levels in males 
and females. 

Results 
Individual subject data are shown in Tables 1 and 2. Demographics are shown in Table 3. Mean 

and SD for C-peptide, glucose, cholesterol, triglyceride, CRP, and TSH are shown in Table 4.  

Table 1. Patients’ characteristics (patients #1-50). 
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GB: glioblastoma, mets: metastases, JRA: juvenile rheumatoid arthritis, FA: fibroangioma, AHA: autoimmune 
hemolytic anaemia, HT: hypertension, RA: rheumatoid arthritis, T2DM: type 2 diabetes mellitus, UC: uterine 
cancer, MS: multiple sclerosis, IBD: irritable bowel syndrome, DA: Diffuse astrocytoma, lichen sclerosis: LS, SD: 
seborrheic dermatitis. Dashes indicate that a given parameter was not measured. 

Table 2. Patient’s characteristics (patients #51-100). For abbreviations, see Table 1. 

Patient 
#

Gender Age 
(years)

Condition PKD 
duration 
(months)

C-peptide 
(ng/ml)

Glucose 
(mmol/l)

Cholesterol 
(mmol/l)

Triglyceride 
(mmol/l)

CRP 
(mg/l)

TS H 
(mIU/l)

1 F 42 Fatigue 1 0.52 4.7 12.4 2.9 0.04 1.59
2 M 21 Fatigue 1 1.10 4.8 8.1 1.1 0.78 1.90
3 M 28 Allergy 1 0.60 3.7 7.0 5.2 - 3.70
4 M 6 Brain stem tumor 3 0.30 3.4 8.0 2.6 0.20 -
5 F 58 Brain cancer, GB 0.5 0.70 4.7 6.5 0.9 1.00 1.28
6 F 55 Colon cancer, liver mets 0.25 0.70 5.7 6.2 0.6 5.90 0.75
7 M 42 Fatigue 3 0.42 4.3 7.3 2.7 0.30 1.46
8 F 42 JRA 1 0.40 3.9 4.2 1.8 0.10 0.80
9 M 9 JRA 3.5 0.30 4.1 6.4 0.7 53.30 2.01
10 M 37 Joint pain 4 0.40 4.7 7.0 0.7 0.10 2.11
11 M 55 Healthy 72 0.60 3.3 11.1 1.8 1.00 0.61
12 M 32 Alveolar hemorrhage 1.5 0.70 4.6 9.2 1.2 0.26 2.31
13 F 42 Healthy 13 1.30 5.5 12.2 2.1 0.20 -
14 F 72 Gout 3.5 1.60 4.4 6.6 1.1 5.99 2.92
15 F 65 AHA 1 0.60 4.3 14.8 0.8 1.00 2.13
16 M 21 Colitis ulcerosa 7 0.80 4.5 3.6 1.3 146.00 2.28
17 F 56 Parkinson's disease, HT 3 1.10 5.1 4.7 1.2 4.00 2.11
18 F 44 Hashimoto thyreoiditis, FA 14 1.20 4.7 12.5 1.3 0.10 5.90
19 F 57 Autoimmune liver disease 19 0.62 4.1 6.2 1.1 0.70 1.97
20 F 72 Pancreas tumor 0.75 1.10 6.5 4.1 1.1 1.20 1.52
21 F 63 RA 1 1.24 3.6 4.9 1.1 27.00 0.91
22 F 57 Allergy, depression 1 0.90 4.0 7.4 3.1 0.20 1.70
23 M 76 HT 33 1.20 5.3 10.3 1.3 1.70 1.60
24 M 20 Colitis ulcerosa 3 1.20 5.2 6.7 1.5 32.90 2.74
25 M 56 Brain tumor, GB 28 0.70 4.9 5.9 0.8 0.10 2.95
26 F 58 Ovarian cancer 10 2.10 5.7 5.0 0.8 0.30 2.16
27 M 72 Tongue base cancer 7 0.90 5.0 4.6 1.9 24.40 0.47
28 M 85 Healthy 1.5 0.60 4.0 10.8 2.9 0.00 2.19
29 F 38 Hypothyreosis 0.25 1.00 4.4 5.2 1.7 0.10 0.78
30 F 51 Hypothyreosis 1 1.33 4.3 9.7 1.5 2.80 8.30
31 M 31 Crohn's disease 4 0.42 3.7 4.3 0.7 21.40 2.71
32 M 42 Healthy 72 0.42 4.7 10.4 1.5 0.10 1.23
33 M 34 Crohn's disease 3 0.43 3.6 7.3 1.1 0.50 2.92
34 F 67 HT, 2TDM, UC, liver mets 7 1.85 5.2 7.2 1.8 0.10 5.58
35 M 4 Atopic dermatitis 4 0.30 3.8 6.3 0.9 0.10 2.36
36 M 19 Healthy 5 0.49 4.3 8.1 1.0 0.10 0.85
37 F 19 Healthy 5 0.59 4.6 7.3 0.8 0.10 2.49
38 M 12 Crohn's disease 2.5 0.64 5.0 4.6 0.9 0.40 2.45
39 F 70 2TDM, HT, RA 2 1.81 8.6 6.9 2.5 7.50 4.18
40 M 17 Crohn's disease 1 1.14 5.4 6.2 1.6 2.80 0.50
41 M 37 Epilepsy 1 0.80 4.8 4.4 1.0 0.17 -
42 F 45 Healthy 108 0.83 4.6 9.7 0.8 1.30 2.98
43 M 35 Fatigue 2 0.69 4.8 5.8 0.7 0.83 0.46
44 M 69 Brain cancer, GB 2 1.32 4.7 11.0 2.8 0.17 -
45 F 46 Sleep apnea 3 1.20 4.7 6.9 1.4 0.51 0.75
46 M 35 MS 1 0.80 4.1 5.8 1.1 0.10 0.99
47 M 30 IBS 3 0.97 4.2 - - 0.01 0.49
48 M 21 Brain cancer, GB 6 0.95 4.9 8.4 1.2 0.30 1.15
49 F 53 Breast cancer 10 0.83 - 8.3 0.7 0.30 0.70
50 F 83 Pancreatic cancer 1 1.80 5.2 7.2 1.0 1.38 0.36
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Table 3. Patient characteristics. 

Patient 
#

Gender Age 
(years)

Condition PKD 
duration 
(months)

C-peptide 
(ng/ml)

Glucose 
(mmol/l)

Cholesterol 
(mmol/l)

Triglyceride 
(mmol/l)

CRP 
(mg/l)

TSH 
(mIU/l)

51 F 55 RA 1 1.20 3.2 5.8 1.2 5.60 2.59
52 F 44 Hashimoto's thyroiditis 2 1.00 3.9 6.2 0.7 0.20 3.27
53 F 58 Hypothyroidism, RA 2 1.21 4.4 8.9 1.4 0.20 2.80
54 F 53 GI issues, fatigue 5 0.79 - 23.6 1.6 0.30 1.40
55 M 27 GI issues   2 1.45 3.7 11.5 1.2 1.00 4.38
56 M 40 GI issues, fatigue 2 1.52 4.7 4.7 1.6 0.30 1.89
57 M 37 Brain cancer: DA 6 1.80 5.3 4.5 0.7 0.71 2.83
58 F 60 Eczema, allergy 38 0.60 4.2 11.0 1.1 0.60 3.90
59 M 41 Crohn's disease 1 0.60 4.4 7.4 1.8 - 2.70
60 F 50 Healthy 21 0.90 3.8 13.2 1.5 1.40 1.43
61 M 38 Hashimoto thyroiditis 1 0.80 4.0 9.8 2.8 0.54 10.00
62 F 55 RA, LS, hypothyreosis 2 2.70 5.3 5.8 1.5 18.00 -
63 M 66 Prostate cancer 7 0.76 3.0 8.1 1.1 0.46 1.52
64 F 22 Hashimoto thyroiditis 2 1.20 3.8 5.3 1.4 - 2.60
65 M 48 Crohn's disease, SD 1 0.60 4.1 4.0 0.6 54.00 1.00
66 M 43 IBS 1 1.50 4.1 10.3 2.0 0.60 0.91
67 M 14 Crohn's disease 1 0.68 4.2 12.5 1.8 0.04 1.40
68 M 58 Rectal cancer 1 1.70 5.2 9.0 1.1 - 0.62
69 F 50 Cerebral palsy 1 1.05 4.5 7.7 1.6 0.23 2.20
70 F 41 Uterine fibroid 24 0.64 3.4 6.6 57.0 12.00 1.99
71 F 46 Migraine 5 2.63 6.0 6.4 0.6 - 0.94
72 M 28 Spondyloarthritis 10 0.72 5.5 7.1 0.7 14.94 3.54
73 F 23 Anxiety 0.25 0.76 3.7 5.5 1.1 1.00 1.85
74 M 59 RA 1 0.63 4.0 5.8 1.7 16.10 4.53
75 F 50 Ekzema, allergy, HT 2 1.00 - 10.3 1.3 - 2.31
76 M 33 IBS 6 1.50 5.1 7.4 0.8 1.00 1.06
77 F 60 MS 19 0.79 4.6 16.0 1.2 1.20 2.10
78 F 43 Neurodermatitis 2 2.00 5.2 5.4 - 3.60 2.27
79 M 32 Depression 1 1.05 5.7 10.2 2.6 0.08 1.01
80 M 35 Non-Hodgkin lymphoma 10 0.80 3.6 10.4 1.8 - 1.51
81 M 68 Joint pain 3 0.63 5.4 6.9 0.7 11.00 2.70
82 F 38 Hypothyroidism, joint pain 16 0.75 - 8.2 0.9 - 6.70
83 F 48 Anxiety 4 0.90 4.7 7.2 0.6 0.30 2.00
84 F 21 Fatigue 2 1.03 3.5 10.6 1.4 0.05 2.53
85 M 35 Fatigue 2 0.69 4.8 5.8 0.7 0.83 0.46
86 M 17 Ewing sarcoma 7 1.28 5.0 5.0 - 1.70 -
87 M 48 Fatigue 3 1.20 4.3 21.6 4.0 - -
88 F 48 Spondylitis ankylopoetica 2 0.62 3.7 7.6 0.7 0.40 1.35
89 F 50 Psoriasis 1 0.90 3.9 9.7 1.3 3.10 1.50
90 F 50 Breast cancer 16 0.87 4.5 14.0 0.8 2.10 2.28
91 F 30 Uterine fibroids 1 0.54 4.1 5.3 0.7 0.20 0.53
92 M 58 Oral cavity cancer 1 0.51 4.0 4.7 0.7 6.20 1.52
93 F 65 Breast cancer 6 1.33 4.6 7.2 0.9 0.40 1.53
94 F 65 Reflux 1 0.70 5.2 8.4 1.1 2.50 0.96
95 F 44 MS 2 0.80 3.7 11.8 1.1 0.30 1.50
96 M 7 RA 2 0.86 3.8 7.8 1.9 14.00 -
97 F 42 Hashimoto's thyroiditis 1 0.97 4.6 10.3 1.1 4.60 27.90
98 M 46 Fatigue 3 0.66 4.7 15.8 3.0 2.20 2.26
99 F 29 Atopic dermatitis 1 0.59 - 8.6 1.4 0.11 0.96
100 F 48 Rectal cancer 1 1.05 4.2 19.3 1.7 6.30 1.66
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Table 4. Mean and SD for C-peptide and glucose, cholesterol, triglyceride, CRP and TSH. *CRP values 
indicated as "below 5 ng/ml" in the laboratory report were excluded from the current statistics. 

 
Of the 100 subjects, 55 had a C-peptide level below the standard reference range (below 0.9 

ng/ml). 
As expected, glucose levels were generally low. Triglyceride levels were mainly in the standard 

reference range, while cholesterol levels were slightly higher than the standard reference range. TSH 
levels mostly fall in the standard reference range (except for a few patients with hypothyroidism). 
CRP levels were generally low except for a few outliers. 

As expected, a strong and significant correlation existed between C-peptide and glucose (r=0.48, 
p=0.000001)(Figure 1.). There was a significant correlation between C-peptide and age (r=0,28; 
p=0,005)(Figure 2.). The correlation between glucose and age was also significant (r=0.22, 
p=0.032)(Figure 3.), but was not as strong as between C-peptide and age. 

There was a significant difference in the C-peptide between males and females (p=0.009), with 
females (mean ± SD: 1.08 ± 0.51 ng/ml) having higher C-peptide levels than males (mean ± SD: 0.83 ± 
0.39 ng/ml) (Figure 4.). There was no significant difference in glucose between males (mean ± SD: 4.46 
± 0.64 mmol/l) and females (mean ± SD: 4.59 ± 0.93 mmol/l)(Figure 5.). 
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Figure 1. ScaĴerplot showing the correlation between C-peptide and glucose. 

 
Figure 2. ScaĴerplot showing the correlation between C-peptide and age. 
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Figure 3. ScaĴerplot showing the correlation between glucose and age. 

 
Figure 4. C-peptide levels in males and females. 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 12 December 2023                   doi:10.20944/preprints202312.0817.v1

https://doi.org/10.20944/preprints202312.0817.v1


 9 

 

 
Figure 5. Glucose levels in males and females. 

Discussion 
In the last few decades, there has been an upsurge in the interest in low-carbohydrate diets. 

Historically, the classical ketogenic diet has been used in epilepsy for the last 100 years (Wilder, 1921). 
Before the discovery of insulin in 1922, the only way to treat T1DM was with a diet low in 
carbohydrates. Recently, randomized controlled studies and meta-analyses have shown that a low-
carbohydrate diet is superior to a low-fat diet in glucose control (van Zuuren et al., 2018). The 2019 
consensus statement from the American Diabetes Association also included low-carbohydrate diets 
as an option in diabetes prevention (Evert et al., 2019).  

Lately, there have been aĴempts to use low-carbohydrate diets in cancer and autoimmune 
diseases. However, in the absence of a consensus on low-carbohydrate diets for different diseases, 
those patients who start a low-carbohydrate diet tend to self-apply it without the support of their 
caring physician. The lack of diet-related training may prevent the physician from properly 
evaluating laboratory blood in the context of a low-carbohydrate diet. As a result, low C-peptide 
levels due to a low-carbohydrate diet may be perceived as an alarming sign. This, combined with 
ketones in the urine, may lead to an incorrect diagnosis of T1DM. 

Our data showed that 55% of the patients and healthy subjects on the PKD have a C-peptide 
level below the reference range. We found a significant correlation between C-peptide and glucose 
levels similar to previous studies (for example, Bando et al., 2018), which reflects lower insulin need 
with lower glucose levels. Recently, studies have looked at the postprandial effects of low-
carbohydrate meals. These studies show that low-carbohydrate meals are associated with a smaller 
postprandial elevation of glucose and C-peptide (e.g. Samkani et al., 2018). Only a few studies 
examined the effect of sustained low-carbohydrate diets on glucose and C-peptide levels. These 
studies were confined to T2DM patients (MyeĴa-Côté et al., 2018; Bando et al., 2018).  

In the study of Bando et al. (2018), C-peptide levels were relatively low besides relatively high 
glucose levels (Table 5). In our present study, however, C-peptide levels were low yet not associated 
with high glucose levels. In the study of Bando et al. (2018), a few cases have very low C-peptide 
levels. Such low levels likely reflect the exertion of the own insulin production. In our study, however, 
low C-peptide levels were seen in patients who are not diabetic. We are not aware of any studies 
looking at the C-peptide levels associated with low-carbohydrate diets in conditions other than 
diabetes. 
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Table 5. C-peptide levels in studies looking at C-peptide levels on a low-carbohydrate diet. 

 
In our previous case reports (Tóth and Clemens; 2014, 2015, Clemens et al., 2018) we reported 

that newly diagnosed T1DM patients may be able to prevent the progressive decline in C-peptide 
and may retain normoglycemia and insulin-freedom. 

Since we observed that fasting C-peptide measurements are typically below the reference range 
on the PKD, we have started using paired C-peptide measurements in T1DM patients. This includes 
two C-peptide measurements: one fasted and another after a regular PKD meal (stimulated C-
peptide). The combination of the two measurements helps to distinguish between the effect of the 
low-carbohydrate diet and the deficiency of endogenous insulin production and thereby provides a 
beĴer representation of the actual insulin production. 

The present analysis showed that non-T1DM patients and healthy subjects on the PKD have C-
peptide levels in a similar range as those patients with a recent T1DM diagnosis. This information 
may be crucial to diabetologists given that an increasing number of patients, including type 1 and 
type 2 diabetics, are aĴempting to embark on a low-carbohydrate or ketogenic diet. 

Our data showed a significant correlation between C-peptide levels and age. Of note, C-peptide 
levels were very low in children under the age of 10 years: in 3 out of 4 children below 10 years, C-
peptide was 0.3 ng/ml. Such a low C-peptide level combined with ketones in the urine, especially if 
seen in children, may prompt seĴing up an incorrect diagnosis of T1DM.  

As far as we know, we are the first to report a correlation between C-peptide levels and age in 
conditions other than non-T1DM. In new-onset T1DM children, a similar relationship has already 
been reported (Hwang et al., 2017). Interestingly, in our sample, the relationship was smaller, yet 
significant, between glucose and age. 

In our study, males had lower C-peptide levels than females. At the same time, there was no 
gender difference in glucose.  

Our results indicate a need for redefining the reference range for C-peptide if the patient is 
following a low-carbohydrate diet. The data from the present study may provide a basis for this. The 
present results also draw aĴention to the fact that the clinical evaluation of C-peptide should be done 
within the context of the patient’s diet. In addition to this, C-peptide may be a valuable and reliable 
tool to monitor dietary adherence on low-carbohydrate diets including the PKD. 
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