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Background: The clinical utility of Urinary C-Peptide to Creatinine Ratio (UCPCR) is well understood in people with different types of diabetes in Caucasian populations, but studies are lacking in African populations. We, therefore, aimed to examine Urinary C-Peptide to Creatinine Ratio levels among groups of people with different types of diabetes in a sub-Saharan African population.

Methods: A total of 47 adults with diabetes; 10 with type 1 diabetes, 26 with type 2 diabetes, 11 with ketosis-prone diabetes, and 22 healthy control individuals, were recruited from Yaoundé Central Hospital in Cameroon. Fasting blood glucose and C-peptide were measured in venous blood and urine. Stimulated Urinary C-Peptide to Creatinine Ratio was determined in all subjects after ingestion of a standardized mixed meal. We compared the stimulated Urinary C-peptide to Creatinine Ration concentration in subjects with type 1 diabetes to the other groups.

Results: The basal C-peptide and HOMA-β were lower in T1D than in the T2D group [median 57 (34, 69) vs. 398 (335, 502) pmol/l; p ≤ 0.001] and [median 3.0 (1.63, 5.25) vs. 30.6 (17.94, 45.03); p < 0.001] respectively. Also, basal C-peptide and HOMA-β were lower in T1D than in those with KPD [median 57 (34, 69) vs. 330 (265, 478) pmol/l; p = 0.003] and [median 3.0 (1.63, 5.25) vs. 47.1 (16.2, 63.1), p = 0.001] respectively. Basal C-peptide was not different between participants with T2D and KPD; 398 (335, 502) vs. 330 (265, 478) pmol/l, p = 0.19. Stimulated UCPCR was lower in T1D compared to T2D, KPD and control participants; [median 0.29 (0.14, 0.68) vs. 0.89 (0.40, 1.69) nmol/moll; p = 0.009], [median 0.29 (0.14, 0.68) vs. 1.33 (0.84, 1.59) nmol/mol; p = 0.006] and [median 0.29 (0.14, 0.68) vs. 1.21 (0.85, 1.21) nmol/mol; p = 0.005] respectively. However, stimulated UCPCR was similar between the T2D and KPD study participants; 0.89 (0.40, 1.69) vs. 1.33 (0.84, 1.59) nmol/mol, p = 0.36.

Conclusions: Stimulated Urinary C-Peptide to Creatinine Ratio (UCPCR) is lower in participants with type 1 diabetes compared to those with other types of diabetes in this population. This means stimulated UCPCR could potentially differentiate type 1 diabetes from other diabetes types among people with diabetes in sub-Saharan Africa.
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INTRODUCTION


Background

Differentiating between different diabetes types is usually challenging in sub-Saharan Africa, where clinicians rely solely on clinical judgment (1). Moreover, apart from type 1 and type 2 diabetes, other atypical forms of diabetes, such as ketosis-prone diabetes (KPD), are prevalent in the region (2). While type 1 diabetes is exclusively treated with the exogenous administration of insulin, people with type 2 diabetes and KPD can be treated with oral anti-diabetic tablets. They may, however, need insulin for optimal glycaemic control and in other specific circumstances (3). Therefore, differentiating between the different types of diabetes is crucial for deciding therapeutic strategies for optimal management, and the measurement of endogenous insulin secretion has been shown to be helpful (4, 5).

C-peptide, secreted in equal amounts with insulin from the pancreas, is often used in clinical settings to measure endogenous insulin secretion (5). Its measurement in the blood (serum C-peptide) is considered the reference method (during a mixed meal tolerance test) but is cumbersome and expensive to perform (6). Urine C-peptide measurement is a less invasive and practical alternative to serum C-peptide measurements (5). Furthermore, Urinary C-peptide to creatinine ratio (UCPCR) is a surrogate marker for endogenous insulin secretion (7). While the importance of UCPCR in diabetes classification and management has been well demonstrated in people with diabetes of European descent (8–10), very little or no work exists on the its clinical utility in people with diabetes in sub-Saharan Africa. We, therefore, carried out a preliminary analysis into examining UCPCR levels amongst people with different types of diabetes and healthy controls in a clinical setting in sub-Saharan Africa.




METHODS


Study Setting, Participants, and Ethical Considerations

Forty-seven (47) adults with diabetes [10 with type 1 diabetes (T1D), 26 with type 2 diabetes (T2D), and 11 with ketosis-prone diabetes] and 22 healthy control participants were enrolled in the study. All participants provided written informed consent before the start of the study. T1D was defined as young-onset diabetes (age of onset <30 years) with the presence of glutamic acid decarboxylase autoantibody and on insulin treatment. T2D was defined as previously diagnosed diabetes managed by lifestyle measures and/or oral anti-diabetic tablets. Ketosis-prone diabetes (KPD) was defined as diabetes diagnosed in the state of significant ketosis (urine ketones ≥ 13.7 mmol/l), initially requiring insulin therapy to achieve optimal glucose control with absent glutamic acid decarboxylase autoantibody (11). All healthy control individuals had normal fasting blood glucose levels with no personal or family history of diabetes. The National Ethics Committee of Cameroon's Ministry of Public Health approved the study (N. 120/CNE/SE/09).



Procedure

Participants were required to take their medications (including insulin) as prescribed by their clinicians the day before the test. However, they were advised to eat and take their last medication before 10 pm so that they should have well fasted upon arrival for clinical investigations. Upon arrival for clinical investigation, we verified that the participants had fasted for at least 8 h and immediately performed capillary fasting glucose. When the capillary fasting glucose was >14 mmol/l, the participant's treatment was adjusted with the help of his/her clinician, and another appointment was arranged. After a short interview, we measured and recorded anthropometric data (weight, height, BMI, body fat mass, percent fat mass, waist and hip circumferences) onto a pre-structured data collection form. Afterward, we collected fasting venous blood and urine samples from each participant for fasting blood glucose and basal C-peptide determination. Each participant later ingested a standard meal with an energetic value comparable to that of a boost to stimulate insulin secretion (12). Postprandial urine was collected 2 h after ingesting the standard meal to determine C-peptide and creatinine concentrations.

The participants did not take any medication on the day of the investigations. After completing the standard meal to determine the stimulated UCPCR, we performed a capillary glucose measurement and adjusted the dose of medication for the participants on insulin to cater for any high glucose levels. Participants on oral anti-diabetic drugs continued their drugs as prescribed by their clinicians.



Anthropometric Measurements

Height was measured to nearest 0.5 cm, and weight in light clothes to the nearest 0.1 kg, and body mass index (BMI) was calculated as a ratio of weight in kg and height in meter-squared. Waist and hip circumference were measured to the nearest 0.5 cm. Total fat mass was measured by bio-impedancemetry (TANITA BC 420 MA, TANITA Corporation 1-14-2 Maeno-cho, Tabashi-ku, Tokyo-Japan).



Biochemical Measurements

Plasma glucose was measured by the hexokinase method (Roche Diagnostics GmbH, Mannheim, Germany). HbA1c was measured using the validated HLC-723G7 automatic HbA1c analyzer (Japan Tosoh Corporation). Plasma and urine C-peptide levels were measured by an immunoradiometric assay (IRMA-C-PEP, CIS International) with an intra-assay CV of 3.7–6.6% and an interassay CV of 4.4–8.0%. Urine creatinine was measured using the Kinetic Jaffe method.



Calculations

Urinary C-peptide to creatinine ratio (UCPCR) was calculated as a surrogate measurement of insulin secretion by dividing urine C-peptide and urine creatinine levels. Insulin secretory capacity was calculated as the HOMA-β cell index according to the equation: HOMA-β(C-P) = 0.27 x fasting C-peptide (nmol/l)/ [fasting glucose (mmol/l)-3.5] for people with diabetes; and HOMA- β (C-P) = 0.27 x basal C-peptide / (FPG-3.5 mmol) + 50 for the healthy control participants (13).



Statistical Methods

Data were coded, entered, and analyzed using StataSE15. Results are presented as counts (percentages) and medians (interquartile range). Mann-Whitney U test was used to compare data between any two study groups. A p-value < 0.05 was set as statistically significant.




RESULTS


Clinical and Biochemical Characteristics of the Study Population

A total of 69 participants were included in this study, 10 with T1D, 26 with T2D, 11 with KPD, and 22 healthy controls. Females and males were similar in proportion. Participants with type 1 diabetes were the youngest with a median age of 20 (18, 22) and duration of diabetes at 1.6 (1.2, 2.1) years. Table 1 shows the clinical and metabolic characteristics across the study groups.


Table 1. General characteristics of the study population.
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Comparison of Basal C-Peptide Among the Four Groups of Participants

Figures 1, 2 show the basal C-peptide and HOMA-β levels between the different study groups. The basal C-peptide and HOMA-β were lower in T1D than in the T2D group [median 57 (34, 69) vs. 398 (335, 502) pmol/l; p ≤ 0.001] and [median 3.0 (1.63, 5.25) vs. 30.6 (17.94, 45.03); p < 0.001] respectively. Basal C-peptide and HOMA-β were lower in T1D than in those with KPD [median 57 (34, 69) vs. 330 (265, 478) pmol/l; p = 0.003] and [median 3.0 (1.63, 5.25) vs. 47.1 (16.2, 63.1), p = 0.001] respectively. Basal C-peptide and HOMA-β were lower in T1D than in controls [median 57 (34, 69) vs. 364 (287, 432) pmol/l; p < 0.001] and [median 3.0 (1.63, 5.25) vs. 107.8 (93.4, 128.7), p < 0.001] respectively. Basal C-peptide was not significantly different between participants with T2D and KPD; 398 (335, 502) vs. 330 (265, 478) pmol/l, p = 0.19.


[image: Figure 1]
FIGURE 1. Boxplot showing the basal C-peptide levels in the different categories of participants. The error bars represent the standard errors.
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FIGURE 2. Boxplot showing HOMA-β (beta cell function) in the different categories of participants. The error bars represent the standard errors.




Comparison of Basal and Stimulated UCPCR Among the Four Groups of Participants

Figure 3 is a scatter plot showing that stimulated UCPCR is lowest in participants with type 1 diabetes compared to those with type 2 diabetes and ketosis-prone diabetes. Figure 4 shows the comparison of the stimulated UCPCR between two different different study groups. Stimulated UCPCR was lower in T1D compared to T2D, KPD and control participants; [median 0.29 (0.14, 0.68) vs. 0.89 (0.40, 1.69) nmol/moll; p = 0.009], [median 0.29 (0.14, 0.68) vs. 1.33 (0.84, 1.59) nmol/mol; p = 0.006] and [median 0.29 (0.14, 0.68) vs. 1.21 (0.85, 1.21) nmol/mol; p = 0.005] respectively. Stimulated UCPCR was similar between the T2D and KPD study participants; 0.89 (0.40, 1.69) vs. 1.33 (0.84, 1.59) nmol/mol, p = 0.36.


[image: Figure 3]
FIGURE 3. Scatter showing difference in basal and stimulated UCPCR values across the different study groups. The gradient is lowest in participants with T1D.
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FIGURE 4. Barchart showing that stimulated UCPCR is lowest in participants with type 1 diabetes compared to those with type 2 and ketosis-prone diabetes. The error bars represent the standard errors.





DISCUSSION

This study aimed to examine UCPCR levels amongst groups of people with different types of diabetes in a sub-Saharan African population. We found that stimulated UCPCR after a standard meal test was lower in people with type 1 diabetes compared to those with type 2 diabetes and ketosis-prone diabetes. UCPCR is a simple and less invasive method of assessing endogenous insulin secretion and may be potentially relevant in identifying different types of diabetes in resource-limiting settings where complex laboratory methods are scarce or expensive.

This study has several limitations. First, the small sample size within the individual groups limits the ability to make firm conclusions about the similarities or differences observed between groups. Secondly, those identified as having KPD may just be patients with type 2 diabetes with a younger age of onset since it is known that type 2 diabetes patients can manifest ketosis. Thirdly, we did not use boric acid urine containers that offer 72-h stability to urine C-peptide (14), and therefore the observed UCPCR values may have been underestimated due to stability issues. Also, due to the limited sample size, we could not carry out discriminative analysis with sensitivity and specificity calculations for UCPCR in defining absolute severe insulin deficiency, which is the hallmark for type 1 diabetes. However, this is one of the first studies to the best of our knowledge to examine the clinical relevance of UCPCR different groups of people with diabetes in sub-Saharan Africa.

Several authors have shown that a basal plasma C-peptide cut-off of 0.08 nmol/l (and/or stimulated UCPCR cut-off of 0.2 nmol/mol) is a reliable threshold of clinical importance in diabetes classification and management. It has also been suggested that these cut-offs can also be clinically relevant in African settings (5, 15). Generally, a stimulated C-peptide of <0.2 nmol/l in plasma or 0.2 nmol/mol in urine in people with diabetes indicates severe insulin deficiency and, therefore, permanent insulin requirement (16).

The type 1 diabetes participants in our study had substantially higher baseline glucose and HbA1c values than the other participants. Achieving glycaemic control is a daunting task for individuals with type 1 diabetes worldwide, but more so for those living in resource-limited settings where about (17, 18). Chronic hyperglycemia (glucose toxicity) typically negatively affects beta-cell function, leading to poor insulin secretion, a state commonly referred to as beta-cell exhaustion or dysfunction (19). However, in type 1 diabetes, it may be challenging to ascertain whether the level of insulin secretion observed is affected by glucose toxicity or just a function of the remaining functional beta cells. However, to limit the possibility that glucose toxicity should impact residual insulin secretion, we performed the meal test only in participants with a fasting glucose level of <14 mmol/l on the morning of the test.

Stimulated UCPCR has previously been shown to differentiate between type 1 and other forms of diabetes in Caucasian populations (8, 10, 20). Besser et al. showed that post-home meal UCPCR could discriminate type 1 from type 2 diabetes and MODY, a specific form of atypical diabetes presentation (20). The prevalence of MODY in sub-Saharan Africa is unknown but may be lower than that of ketosis-prone diabetes. The study also showed that UCPCR could not discriminate between type 2 diabetes and MODY (20). Our study found that stimulated UCPCR levels were similar between type 2 diabetes and KPD. This finding underscores a major overlap between these two clinical entities when insulin secretion is taken into consideration (21). In this study, both T2D and KPD participants had similar clinical features such as BMI, waist, and hip circumferences, although KPD participants were younger than those with type 2 diabetes.

Ketosis-prone diabetes, at times called “Flatbush diabetes” is highly prevalent in sub-Saharan Africa and populations of African descent (22, 23). People with KPD have clinical features of type 1 and type 2 diabetes and have sporadic periods of insulin requirement marked by insulin deficiency, which may lead to severe ketosis if not appropriately treated (24). Participants identified as having KPD in this study were probably in remission, which could be evidenced by their HOMA-B and stimulated UCPCR values being similar to that seen in the type 2 diabetes group. KPD patients will usually present with severe ketosis, high insulin requirements, and lowered basal C-peptide and insulin secretory capacity during a ketotic crisis than their non-ketotic counterparts (25). Generally, as in type 2 diabetes patients, KPD patients have been demonstrated to have reduced insulin secretory capacity compared to healthy matched controls even during remission (21).

In summary, stimulated UCPCR levels were lower in participants with type 1 compared to those with type 2 diabetes and ketosis-prone diabetes. Stimulated UCPCR levels were similar amongst participants with type 2 diabetes and ketosis-prone diabetes. However, a large sample size and formal mixed meal tolerance test studies are needed in sub-Saharan African populations to robustly define the usefulness of UCPCR in this setting with prevalent atypical diabetes types.
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TID (1 =10) T2D (n = 26) KPD (1 =11) Controls (n = 22)

Clinical characteristics

Sex (M/F) 73 11715 8/3 814

Age (years) 20(18,22) 55 (41, 61) 30 (25, 39) 32 (24, 53)
Diabetes duration (years) 1.6(1.2,2.1) 1.6(0.9,25) 4.122,98) NA
Treatment, n

Diet only 0 5(19.2) 0 NA

OAD only 0 8(30.8) 7(63.6) NA
Insulin only 10 (100) 8(30.8) 10.1) NA

OAD + insuiin 0 5(19.2) 3(7.9) NA

BMI (kg/m?) 22.7(20.5,24.5) 30.2(25.4,31.3) 27.3(24.6,31.5) 25.4(22.9,27.2)
Fat mass (kg) 10.1(4.8, 14.8) 26.9(16.4,30.7) 19.3(10.4,25.2) 18.5 (14.5, 25.9)
Fat (%) 135 (85, 21) 32.6(25.1,39.4) 22.8(14.9,27.5) 23.0(20.0,35.0)
Waist circumference (cm) 79(78,79) 97 (@1, 105) 93(84,99) 83(76,94)
Hip circumference (cm) 92 (87, 96) 100 (98, 111) 101 (97, 111) 98 (92, 109)
Metabolic characteristics

FPG (mmol/) 11.8(7.3, 18.1) 7.1(6.3,85) 57(4.8,7.9) 5.2(4.8,5.4)
HOMAB 30(16,5.2) 30.6(17.9,45.0) 47.1(16.2,63.1) 107.8(93.4, 128.7)
HbA1c (%) 14.0 (109, 14.0) 7.8(656,95) 7.1(68,128) 58(5.7,60)
Basal C-peptide (pmol/) 57 (34, 69) 398 (335, 502) 330 (265, 478) 364 (287, 432)
Basal UCPCR (nmol/mmol) 0.16(0.04, 0.26) 0.43 (0.20, 0.60) 0.31(0.16, 0.59) 0.39(0.23,0.67)
Stimulated UCPCR (nmol/mmol) 0.29 (0.14, 0.68) 0.89(0.40, 1.69) 1.33(0.84, 1.59) 1.21(0.85, 1.21)

T1D, type 1 diabetes; T2D, type 2 diabetes; KPD, Ketosis prone diabetes; M, male; F, female; BMI, Body Mass Index; FPG, fasting plasma glucose; HOMA-B, Homeostasis Model
Assessment-Beta-cell function; HbATC glycosylated hemoglobin; BCP, Basal C-peptide; OAD, Oral anti-diabetic drugs; UCPCR, Urinary C-peptide creatinine ratio. NA, Not applicable.
Data are in counts (percentage) and median (IQR).
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