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Background

In contrast to Western population, glucagon-like peptide-1 (GLP-1) levels are preserved in some East Asian population with type 2 diabetes (T2D), explaining why dipeptidyl peptidase-IV (DPP-IV) inhibitors are more effective in East Asians. We assessed whether differences in endogenous GLP-1 levels resulted in different treatment responses to DPP-IV inhibitors in prediabetes and T2D.



Methods

A prospective 12-week study using linagliptin 5mg once daily in 50 subjects (28 prediabetes and 22 T2D) who were stratified into high versus low fasting GLP-1 groups. A 75-g oral glucose tolerance test (OGTT) was performed at week 0 and 12. Primary outcomes were changes in HbA1c, fasting and post-OGTT glucose after 12 weeks. Secondary outcomes included changes in insulin resistance and beta cell function indices.



Results

There was a greater HbA1c reduction in subjects with high GLP-1 compared to low GLP-1 levels in both the prediabetes and T2D populations [least-squares mean (LS-mean) change of -0.33% vs. -0.11% and -1.48% vs. -0.90% respectively)]. Linagliptin significantly reduced glucose excursion by 18% in high GLP-1 compared with 8% in low GLP-1 prediabetes groups. The reduction in glucose excursion was greater in high GLP-1 compared to low GLP-1 T2D by 30% and 21% respectively. There were significant LS-mean between-group differences in fasting glucose (-0.95 mmol/L), 2-hour glucose post-OGTT (-2.4 mmol/L) in the high GLP-1 T2D group. Improvement in insulin resistance indices were seen in the high GLP-1 T2D group while high GLP-1 prediabetes group demonstrated improvement in beta cell function indices. No incidence of hypoglycemia was reported.



Conclusions

Linagliptin resulted in a greater HbA1c reduction in the high GLP-1 prediabetes and T2D compared to low GLP-1 groups. Endogenous GLP-1 level play an important role in determining the efficacy of DPP-IV inhibitors irrespective of the abnormal glucose tolerance states.
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1 Introduction

Glucagon-like peptide-1 (GLP-1) is an incretin hormone which plays an important role in the physiological regulation of glucose homeostasis. GLP-1 is rapidly inactivated by the enzyme dipeptidyl peptidase-IV (DPPIV). To overcome the very short half-life of GLP-1, DPP-IV inhibitors have been developed. The enhancement of active endogenous GLP-1 leads to increased insulin but reduced glucagon secretion, in addition to delaying gastric emptying and supressing appetite (1). Linagliptin is an oral, once-daily selective DPP-IV inhibitor. Treatment with linagliptin monotherapy or in combination with other oral glucose lowering drugs (OGLDs) produces clinically significant improvement in glycaemic control among type 2 diabetes (T2D) patients (2, 3). In addition, linagliptin has been shown to be effective in reducing glucose excursion in prediabetes (4, 5).

Pathophysiology of T2D is characterized by predominant insulin resistance than impaired insulin secretion in Caucasians whereas impaired insulin secretion rather than insulin resistance predominates in Asians (6). Given the growing body of evidence that the pathophysiology of T2D differs by ethnic groups, a number of systematic reviews and meta-analyses have been conducted to examine ethnic differences in the glucose-lowering efficacy of DPP-IV inhibitors (2, 3, 7–10). These analyses included large-scale, multi-regional studies which enrolled patients from either predominantly Asian (11) or Western (12, 13) countries. Kim et al. (7) revealed that DPP-IV inhibitors lowered HbA1c to a greater magnitude in studies with ≥50% Asian participants than in studies with<50% Asian participants. The between-group difference was −0.26% (95% confidence interval [CI] −0.36 to −0.17%, p< 0.001). The overall decrease in fasting plasma glucose (FPG) was significantly larger in the Asian-dominant studies than in non-Asian-dominant studies; the difference between the two groups was −0.45 mmol/L (95% CI −0.79 to −0.10 mmol/L). When a more robust ethnic-specific population cut-off of 70% was used, Gan et al. (9) also found -0.11% (p = 0.0098) greater reduction in HbA1c in the predominantly Asian compared to the predominantly Caucasian populations. Similar findings were found by Park et al. (8) where the HbA1c reduction with DPP-IV inhibitors was more than doubled in Japanese-specific trials compared to non-Japanese trials (weighted mean difference –1.67% versus – 0.66%, p< 0.05). HbA1c reduction at each trough DPP-IV inhibition level was larger in Japanese than non-Japanese patients (10).

It is apparent that the therapeutic effects of DPP-IV inhibitors in Asians are more pronounced compared with Caucasians. Regional differences in environment, pharmacogenetic, lifestyle and dietary differences of the patients might affect their treatment responses. Previous studies have suggested that deficiency in GLP-1 secretion partly contribute to the diminished incretin effect typically observed among Caucasians with T2D (14). However, recent studies conducted in East Asia revealed that GLP-1 levels are not reduced in T2D patients (15). Hence, question has been raised whether difference in GLP-1 levels between Asian and Caucasian populations has the potential to explain the difference in responses to DPP-IV inhibitors. Although extensive research has been carried out to identify clinical characteristics of patients that predict the therapeutic efficacy of DPP-IV inhibitor (16–18), very little attention has been paid to the role of basal (fasting) endogenous GLP-1 level in mediating the therapeutic effect of DPP-IV inhibitor. In fact, previous research have examined the mechanism of action of sitagliptin (19) and vildagliptin (20) underlying the improved glucose control. However, individual DPP-IV inhibitor differs in its pharmacokinetic or pharmacodynamic properties. Therefore, this study aimed to examine whether differences in basal endogenous GLP-1 levels in prediabetes and T2D patients affected their responses to linagliptin treatment. The primary outcome in this study were changes from baseline in HbA1c, FPG and glucose responses following an oral glucose tolerance test (OGTT) after 12 weeks of linagliptin treatment. The secondary outcomes included changes from baseline in markers of insulin resistance, insulin sensitivity and beta cell function during an OGTT.



2 Materials and methods


2.1 Study participants

This was a prospective study conducted over a 12-week period. Patients who attended their routine health examination were invited for OGTT screening. Prediabetes and T2D were diagnosed according to the American Diabetes Association Guidelines (21). Prediabetes was defined as having impaired fasting glucose and/or impaired glucose tolerance. We also recruited subjects diagnosed with T2D from the specialized diabetes clinics. Eligible subjects included 18 to 75 years of age, HbA1c ≥6.5% and ≤10%, T2D patients for at least 3 months on stable doses of either metformin, sulphonylurea, alpha-glucosidase inhibitor or combination therapy. Subjects were excluded if they had anemia (hemoglobin<10 g/dL), renal dysfunction (serum creatinine >130 μmol/L), elevated liver enzymes (twice the upper limit of normal values), chronic lung disease; or if they had myocardial infarction, stroke or transient ischemic attack within 6 months; or those who were pregnant or breastfeeding; or if they had received DPP-IV inhibitor, GLP-1 analogue or insulin treatment within the prior 3 months.

The study was approved by the local ethics committees and conformed to the declaration of Helsinki. Written informed consent was obtained from all subjects.



2.2 Methods


2.2.1 Study procedure

After an overnight fast of 10 hours at weeks 0 and 12, fasting blood samples were collected for baseline hematological and biochemical assessments. Anthropometric measurements and vital signs were obtained. For subjects with T2D, the last 2 doses of OGLDs were withheld prior to the study. Each subject then ingested a 75-g glucose within 5 minutes. Venous blood samples were drawn at times 0 (before initiation of OGTT), 30, 60, 90, 120 minutes from the indwelling catheter for measurement of glucose and insulin. All prediabetes and T2D subjects received linagliptin 5mg once daily for a duration of 12 weeks. During the treatment period, T2D subjects were allowed to continue their existing, stable background regimen of OGLDs. All subjects were required to attend study visit at week 6 during which compliance was assessed by pill counting. Subjects whose compliance< 80% were discontinued from the study. At week 12, the study medication was taken 30 min before the repeated OGTT. Fasting plasma samples for total GLP-1 determination were collected at week 0. HbA1c was measured at week 0 and 12. All adverse events related to the study medication were monitored throughout the study and documented.



2.2.2 Laboratory analyses

Fasting plasma samples for total GLP-1 measurement were collected in an EDTA tube without any aprotinin, DPP-IV inhibitor or anticoagulant. The tubes were kept on ice until centrifugation. After centrifugation at 3000 g for 15 min at 4 0C, the samples were stored in aliquots at -800C until further analysis. The total GLP-1 (7-36 and 9-36) were determined by ELISA (EMD Millipore, Billerica, MA, USA). HbA1c was measured using an automatic HbA1c analyzer (D10, Bio-Rad, California, USA). Plasma glucose, total cholesterol, HDL cholesterol and triglyceride levels were analyzed by a Roche Cobas 8000 modular analyzer (Basel, Switzerland). LDL cholesterol was calculated using Friedewald’s formula (22). The serum insulin was measured by an electrochemiluminescence immunoassay (Cobas E411, Roche, Switzerland).



2.2.3 Definitions

To examine the effect of fasting total GLP-1 level on the response to linagliptin during an OGTT, prediabetes and T2D subjects were divided into high GLP-1 and low GLP-1 groups based on the median of fasting GLP-1 levels. Individuals above the median GLP-1 level were categorised as high GLP-1 group whereas those below the median level as low GLP-1 group.

The area under the curve (AUC) for glucose and insulin were estimated according to the trapezoidal rule for 0- to 120-minute during the OGTT. Glucose excursion was defined as the percent change in glucose concentration (AUCGlucose) from baseline to week-12 (23).

Indices of insulin resistance at fasting state:

Homeostasis model assessment of insulin resistance (HOMA-IR):



Triglyceride-glucose (TyG) index:



Homeostasis resistance of insulin sensitivity (HOMA-IS) was used to evaluate insulin sensitivity at fasting state:m



Homeostasis model assessment of beta cell function (HOMA-β) was used to assess insulin secretory capacity of pancreatic beta cell at fasting state:



Insulinogenic index was used as a measurement of early phase insulin response to OGTT:



Oral disposition index was used to provide an estimate of beta cell function relative to the prevailing insulin resistance level during the OGTT:






2.3 Statistical analyses

Based on sample size calculation, a minimum of 32 subjects were needed for this study, taking into account 10% drop out rate, standard deviation of 1.59%, with 90% power to detect the difference of at least 2.1% in glucose level at 120 min during an OGTT between high GLP-1 and low GLP-1 groups (two-sided test, α = 0.05).

Data were analysed using SPSS for windows version 23 (Chicago, IL, USA). All continuous variables were expressed as the mean ± SD or as median (25th percentile, 75th percentile) if the data were not normally distributed. Differences between the baseline and after 12-week of treatment were analysed using paired t-test or Wilcoxon signed-rank test. Between-group comparisons were made by independent Student’s t-test or Mann-Whitney test. The chi-square test was used for categorical variables. The ANCOVA model was used to compare least-squares mean (LS-mean) change from baseline value at week 12 with covariates included baseline value, ethnicity and concomitant OGLDs.




3 Results


3.1 Patient demography and clinical characteristics

A total of 76 subjects were screened but only 58 subjects (33 prediabetes and 25 T2D) subjects met the study criteria and consented to be enrolled in the study (Figure 1). All subjects were given linagliptin 5 mg daily in the morning for 12 weeks. At the end of the 12-week, 50 subjects (28 prediabetes and 22 T2D) completed the study. Among the T2D subjects, 8 were newly diagnosed and 14 subjects were known diabetes with a mean duration of 3.2 ± 2.8 years (mean ± SD). They were treated with a minimum 3-month stable doses of OGLDs (metformin [n = 3], sulphonylurea [n = 1], metformin plus sulphonylurea [n = 7] as well as metformin plus sulphonylurea plus acarbose [n = 3]). Prediabetes subjects were divided into low GLP-1 group (<21.11 pmol/L) and high GLP-1 group (>21.11 pmol/L) based on the median of fasting total GLP-1 levels measured before the OGTT at week 0. Similarly, T2D subjects were categorized into two groups by the median (26.07 pmol/L) of their fasting total GLP-1 levels.




Figure 1 | Patient disposition.



The baseline demography, anthropometry, clinical and biochemical parameters were similarly distributed between the prediabetes and T2D subjects, with the exception of T2D subjects who had significantly higher FPG and HbA1c than prediabetes as expected (Table 1). In general, there were no significant differences in the baseline characteristics between low versus high GLP-1 groups in both prediabetes and T2D populations (Table 2). The median fasting GLP-1 in the low versus high GLP-1 groups in the prediabetes and T2D subjects were 16.06 pmol/L versus 27.28 pmol/L and 21.37 pmol/L versus 30.39 pmol/L respectively. This reflected different cut-off values of fasting GLP-1 levels employed in defining low and high GLP-1 groups.


Table 1 | Baseline demography and clinical characteristics of prediabetes versus type 2 diabetes.




Table 2 | Baseline demography and clinical characteristics of low versus high GLP-1 levels in prediabetes and type 2 diabetes subjects.



T2D subjects in the low GLP-1 group had significantly higher fasting GLP-1 level compared to prediabetes with low GLP-1 group. Other metabolic parameters such as total cholesterol, triglyceride, LDL-cholesterol and HDL-cholesterol were not statistically different between the low GLP-1 and high GLP-1 groups.



3.2 Glycaemic response

In the prediabetes group, treatment with linagliptin 5 mg once-daily for 12 weeks significantly reduced HbA1c from baseline in the high GLP-1 group [LS-mean change from baseline -0.33% (95% CI -0.48, -0.18). This resulted in a significant greater reduction in HbA1c at week 12 in the high GLP-1 group compared to the low GLP-1 group [between-group difference -0.22% (95% CI -0.43, -0.02)] (Table 3). Treatment with linagliptin did not change the FPG in the high GLP-1 group. However, the LS-mean change in FPG from baseline between the low and high GLP-1 groups was significantly differed by -0.45 mmol/L (95% CI -0.78, -0.12). Linagliptin lowered plasma glucose levels significantly at 30, 60, 90 and 120-minute during OGTT in high GLP-1 group (Figures 2A, B). Moreover, there was a significant reduction in LS-mean change in AUCGlucose0-2h from baseline across the high GLP-1 group [LS-mean change from baseline -263.89 mmol/L (95% CI -384.74, -143.04)]. There was also a significant reduction in AUCGlucose0-2h in the high GLP-1 compared to the low GLP-1 group at 12 weeks [between group difference -172.24 mmol/L.min (95% CI -343.53,-0.95)] (Table 3).


Table 3 | Changes in HbA1c, plasma glucose and serum insulin in prediabetes and type 2 diabetes.






Figure 2 | Comparison of glucose levels during OGTT at baseline and after 12-week treatment with linagliptin in low GLP-1 and high GLP-1 groups in prediabetes and T2D: glucose levels in prediabetes (A); change in glucose levels from 0 to 12 weeks in prediabetes (B); glucose excursion in prediabetes (C); glucose levels in T2D (D); change in glucose levels from 0-12 weeks in T2D (E); glucose excursion in T2D (F). White circles: baseline; black squares: after linagliptin treatment; black bars: low GLP-1 group; white bars: high GLP-1 groups. T2D, type 2 diabetes. *p<0.05. Data shown are mean ± standard error.



Treatment with linagliptin did not change the FPG and 30-min plasma glucose in the low GLP-1 group with prediabetes (Figures 2A, B). The low GLP-1 group only had small but no significant decrease in glucose levels at 60, 90 and 120-minute during OGTT. Overall, linagliptin significantly reduced the OGTT-associated glucose excursion by 18% (95% CI -26.55, -10.34) in the high GLP-1 group compared with 8% (95% CI -16.09 to 0.24) in the low GLP-1 group (Figure 2C). The between-group difference approached statistical significance (p = 0.071).

In T2D group, linagliptin significantly reduced HbA1c from baseline in both the low GLP-1 and high GLP-1 groups. The LS-mean reduction in HbA1c in the high GLP-1 was significantly greater than in the low GLP-1 groups by -0.58% (95% CI -1.04, -0.12%). Linagliptin significantly decreased fasting and postload plasma glucose levels in both the low and high GLP-1groups (Table 3; Figures 2D, E). The LS-mean change in FPG from baseline between the low and high GLP-1 groups was significantly differed by -0.95 mmol/L (95% CI -1.82, -0.08). For the LS-mean change in 2-h OGTT plasma glucose from baseline, the between-group difference was -2.4 mmol/L (95% CI -3.94, -0.87) (Table 3). There was a significant reduction in LS-mean change from baseline in AUCGlucose0-2h at 12 weeks both in the high GLP-1 and low GLP-1 groups with a greater degree of reduction seen in the high GLP-1 group compared to the low GLP-1 group by -156.26 mmol/L.min (95% CI -272.81, -39.72 mmol/L.min). This was associated with a significant reduction in the glucose excursion by 30% (95% CI -34.53, -25.45) in the high GLP-1 and 21% (95% CI -25.62, -16.55) in the low GLP-1 group, giving rise to a significant between-group difference (p = 0.01) (Figure 2F).



3.3 Insulin response

In the prediabetes group, treatment with linagliptin did not alter fasting and postload serum insulin levels in prediabetes in both the low and high GLP-1 groups (Table 3, Figures 3A–C). However, in the high GLP-1 group, the change from baseline in the early (30-minute) LS-mean insulin response to OGTT was increased significantly at 12 weeks of treatment compared to the low GLP-1 groups [between group difference 31.13 µU/ml (95% CI 9.94, 52.33 µU/ml).




Figure 3 | Comparison of insulin levels during OGTT at baseline and after 12-week treatment with linagliptin in low GLP-1 and high GLP-1 groups in prediabetes and T2D: Insulin level at each time point in prediabetes (A); change in insulin levels from 0 to 12 weeks in prediabetes (B); insulin response 0-2h (percent change from baseline) in prediabetes (C); insulin level at each time point in T2D (D), change in insulin levels from 0-12 weeks in T2D (E); insulin response 0-2h (percent change from baseline) in T2D (F). White circles: baseline; black squares: after linagliptin treatment; black bars: low GLP-1 group; white bars: high GLP-1 groups. T2D, type 2 diabetes. *p<0.05. Data shown are mean ± standard error.



In T2D patients with low GLP-1, linagliptin significantly increased serum insulin from baseline at 90-minute during the OGTT (Figure 3D). There was a significant increase from baseline in insulin levels at 60, 90 and 120 minutes in high GLP-1 T2D group (Figure 3D), resulting in significantly greater LS-mean increment from baseline in these insulin levels in high GLP-1 compared with low GLP-1 groups (Figure 3E). Linagliptin significantly increased LS-mean insulin response to OGTT by 55% (95% CI 39.05, 71.74%) in the high GLP-1 compared to 12% (95% CI -4.05, 29.01%) in low GLP-1 group, resulted in a significant between-group difference (p = 0.002) (Figure 3F).



3.3 Insulin resistance (HOMA-IR, TyG index) and beta cell function indices

Linagliptin resulted in a reduction of HOMA-IR in the high GLP-1 prediabetes subjects, albeit not significant. On the other hand, TyG index was significantly improved in the high GLP-1 prediabetes group treated with linagliptin [LS-mean change from baseline -0.195 (95% CI -0.33, -0.06). This resulted in a significantly greater improvement in the TyG index at week 12 in the high GLP-1 group compared to the low GLP-1 group [between-group difference -0.19 (95% CI -0.39, -0.01)] (Table 4).


Table 4 | Change from baseline in indices of insulin resistance and beta cell function in subjects with prediabetes and type 2 diabetes.



Similarly, treatment with linagliptin resulted in significant improvement in the insulinogenic index in the high GLP-1 prediabetes [LS-mean change from baseline 23.53 (95% CI 13, 34.06)]. There was also a significant increase in the insulinogenic index in the high GLP-1 compared to the low GLP-1 group at 12 weeks [between group difference 17.9 (95% CI 1.76, 34.04)] (Table 4). With regards to the oral disposition index, the high GLP-1 group demonstrated significant increment following 12 weeks of treatment with linagliptin [LS-mean change 1.17 (95% CI 0.43, 1.91)].

Linagliptin-treated prediabetes with low GLP-1 level showed small, non-significant decrease in HOMA-IR and TyG index (Table 4). Linagliptin appeared to improve HOMA-IS, HOMA-β, insulinogenic index and oral disposition index in low GLP-1 prediabetes although the LS-mean changes from baseline in these indices did not reach statistical significance.

In contrast to prediabetes subjects, linagliptin resulted in a significant reduction in insulin resistance in the high GLP-1 group with T2D (Table 4). LS-mean change from baseline in HOMA-IR and TyG index showed significantly greater degree of reduction in high GLP-1 compared with low GLP-1 groups [between group difference -3.14 (95% CI -6.19, -0.100) and between group difference -0.57 (95% -1.05, -0.09) respectively].




4 Discussion

The pharmacological action of DPP-IV inhibitors has been studied previously in prediabetes (4, 5) and T2D populations (11–13). However, very little is known about the effects of endogenous GLP-1 levels in determining the efficacy of DPP-IV inhibition in these individuals. In our previous study (submitted for publication) we have shown that prediabetes and T2D subjects have higher GLP-1 levels compared to normal glucose tolerance (30). Hence there is a need to determine if this higher GLP-1 levels in these prediabetes and T2D subjects translate into a better efficacy with DPP-IV inhibition.

To the best of our knowledge, this is the first study ever conducted to investigate the relationship between endogenous GLP-1 levels and glycaemic control as well as insulin responses to DPP-IV inhibition in the form of linagliptin therapy in both prediabetes and T2D subjects. We divided our subjects into low and high GLP-1 groups based on the median fasting GLP-1 levels as the cut-off point. Since GLP-l levels measurement vary with different assays and detection methods, there have been difficulty in deriving the absolute value to define low and high GLP-1. Hence the GLP-1 cut-off remains arbitrary.

Our results demonstrated that the response to DPP-IV inhibitor in prediabetes and T2D is influenced by the baseline endogenous GLP-1 levels as evidenced by the greater reduction in the HbA1c, FPG, AUCGlucose0-2h, as well as the glucose excursion seen in the high GLP-1 compared to the low GLP-1 groups in both the prediabetes and T2D populations. In addition, there was a greater reduction in the 2h plasma glucose level in the high GLP-1 compared to the low GLP-1 groups among T2D subjects.

Twelve weeks of linagliptin therapy resulted in a significant reduction in the post-challenge glucose excursion following OGTT (30-minute) in the high GLP-1 subjects with prediabetes. This was also associated with significant improvement in the insulinogenic index in the high GLP-1 prediabetes group. Treatment with linagliptin also yielded small but statistically significant reduction in HbA1c in the high GLP-1 prediabetes group. This modest reduction in HbA1c is probably explained by the modest degree of hyperglycemia present in the prediabetes subjects whose baseline mean HbA1c was only 5.95%.

Our findings highlighted the fact that endogenous baseline GLP-1 concentration has significant influence on insulin secretory and glucose-lowering responses to a larger extent than previously thought. GLP-1 is degraded extensively by the endothelial DPP-IV and consequently only 10-15% of secreted GLP-1 enters the systemic circulation in the active form (31). In general linagliptin has been demonstrated to enhance the systemic concentrations of active GLP-1 by 2-fold (32). This study showcased the magnitude of the therapeutic effect of linagliptin is dependent on the prevailing endogenous GLP-1 levels. When the fasting GLP-1 concentration is comparatively high to begin with, by preventing the proteolytic degradation of GLP-1 with DPP-IV inhibition, considerable increase in GLP-1 responses during the OGTT ensues leading to significant stimulation of insulin secretion and reduction in plasma glucose.

In contrast to the high GLP-1 group, DPP-IV inhibition did not significantly alter plasma glucose, insulin levels, insulin resistance and beta cell function indices in the low GLP-1 prediabetes group. A possible explanation is that DPP-IV inhibition could not raise the GLP-1 levels sufficiently to therapeutic range when the basal GLP-1 level was too low to begin with (33).

The differences in the magnitude of treatment responses to linagliptin between the high and low GLP-1 levels was more pronounced in T2D than prediabetes. This is probably due to the fact that T2D cohort in our study had significantly higher fasting GLP-1 levels compared to prediabetes. This higher fasting GLP-1 level resulted in the higher insulin level during fasting state. In this respect, we postulated that compensatory L-cell secretion of GLP-1 has occurred in our T2D population who were generally still in the early stages of their diabetes (34).

Previous studies have attempted to investigate the potential mechanisms explaining the differences observed in the efficacy of DPP-IV inhibitors between Asians and non-Asians. Our study adds to the growing body of research on the role of basal GLP-1 level where higher level of GLP-1 at fasting state mediates greater treatment response to DPP-IV inhibitor. Other possible mechanisms include enhanced DPP-IV activity (35), lower baseline BMI (<30 kg/m2) (16, 36) and increased fish intake (36, 37) in East Asians which contribute to greater therapeutic efficacy of DPP-IV inhibitors. In addition, since the major pathogenesis of T2D in Asians is beta cell dysfunction, incretin-based therapeutic agents exert greater pharmacological actions by ameliorating primary beta cell dysfunction (36, 37).

Linagliptin has been shown to significantly reduced insulin resistance in T2D patients. Previous studies of linagliptin have demonstrated improvement in HOMA-β, insulinogenic index and oral disposition index (3, 11, 12). In this study, the surrogate measures of insulin resistance showed discordant results in the high GLP-1 prediabetes group. While linagliptin did not appreciably alter the HOMA-IR, there was a significant decrease in the TyG index from baseline. Similarly, the TyG index was also significantly lower in the high GLP-1 group compared to the low GLP-1 group in the prediabetes subjects at 12 weeks. TyG index in several recent studies have been shown to be more sensitive than HOMA-IR in determining the insulin resistance and metabolic syndrome state in several population studies (38, 39).

At the end of the study, both HOMA-IR and TyG index were significantly improved in the high GLP-1 group of the T2D population. Similarly, the HOMA-IR and TyG index were significantly lower in the high GLP-1 compared to the lower GLP-1 groups in the T2D population. The improvement in the TyG index and to a lesser extend the HOMA-IR is to be expected as the FPG levels improved significantly following linagliptin intervention in the high GLP-1 group of both the prediabetes and T2D populations despite the non-significant drop in the fasting insulin levels.

We also observed a significant improvement in oral disposition index, a dynamic measure of pancreatic beta cell function that has been adjusted for the influence of prevailing insulin sensitivity level, in the high GLP-1 prediabetes group treated with linagliptin. A decrease in TyG index in addition to the increase in insulinogenic and oral disposition indices following DPP-IV inhibition in high GLP-1 of the prediabetes subjects represents an improvement in their insulin sensitivity and beta cell function respectively. Preclinical data has demonstrated DPP-IV inhibitors inhibit apoptosis and promote beta cell proliferation thereby increasing beta cell mass (40). The present study highlighted the beneficial effect of DPP-IV inhibitors in improving beta cell function in prediabetes, thus potentially halting the progression to T2D.

In general, linagliptin therapy in both prediabetes and T2D subjects were well tolerated. There was no incidence of hypoglycemia reported. There were also no significant changes in the laboratory parameters at the end of the study. Overall, this is consistent with the safety and tolerability profiles reported (3, 12, 41).

There are several strengths in our study. Notably this is the first study that looked into the endogenous GLP-1 levels and its effects on the subsequent DPP-IV inhibition among prediabetes and T2D populations. In addition, the various clinical and laboratory parameters between the high GLP-1 and low GLP-1 groups in both population at baseline were indistinguishable. Furthermore, the numbers and distribution of pre-existing OGLDs in the T2D population were comparable and they were on a stable dose for at least 3 months. Specifically, our study recruited prediabetes cohort which provides new insights into the role of endogenous GLP-1 levels on glucose metabolism, insulin sensitivity and beta cell function in the presence of DPP-IV inhibition. We also measured total GLP-1 and not the active, intact GLP-1 (7-36 amide) levels. Measurement of intact GLP-1 is compromised by its concentration below the detection limit of the assay due to its extremely rapid degradation by DPP-IV enzyme (1). Therefore, total GLP-1 (comprising both intact GLP-1 and its primary metabolite, GLP-1 9-36 amide) acts as a better indicator of the overall secretory response.

Notwithstanding the strength of the study, the main limitation includes firstly the T2D population recruited were not all newly diagnosed. Only 8 out of 22 T2D subjects were drug naïve. The remaining T2D subjects were on either one, two or three OGLDs. In this respect metformin has been shown to increase endogenous GLP-1 levels. However, this effect is minimised as there are comparable numbers of subjects on metformin in either the high or low GLP-1 groups. Furthermore, they were on a stable dose of the drugs for more than 3 months duration. Secondly, the use of OGTT may not allow us to extend our findings to studies using meal challenge tests.

The clinical relevance of the study is primarily to show that diabetic patients responded to DPPIV-inhibitors differently with regards to its clinical effectiveness. Our data proved that having higher endogenous GLP-1 levels resulted in a better glycaemic efficacy with DPP-IV inhibitors compared to those with lower endogenous GLP-1 levels.

The future perspectives would include different doses of DPPIV-inhibitors would need to be administered for different levels of endogenous GLP-1. This might also lead to alteration in the doses of other concomitant anti-diabetic agents prescribed. Future studies that would be able to identify any clinical or biochemical parameters that could determine an individual’s endogenous GLP-1 concentrations without having to measure the actual GLP-1 levels would be of significant practical relevance. It is also interesting to see whether prediabetes with low GLP-1 levels would need a more intensive diabetes prevention programme than prediabetes with higher GLP-1 levels.

In conclusion, treatment with DPP-IV inhibitor resulted in a greater reduction in HbA1c in subjects with high GLP-1 compared to low GLP-1 levels. This improved efficacy is seen in both the prediabetes and T2D populations. Essentially endogenous GLP-1 levels play an important role in determining DPP-IV inhibitor efficacy irrespective of the abnormal glucose tolerance states.
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TyG, triglyceride-glucose. *p<0.05; 'p<0.05 compared to baseline.
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Baseline
(mean * SD)

Prediabetes n

HbAlc (%)
Low GLP-1 14 5.94 £0.20
High GLP-1 14 5.95 + 0.62

Fasting plasma glucose (mmol/L)

Low GLP-1 14 5.35+0.88

High GLP-1 14 5.57 £ 0.66
2-h plasma glucose (mmol/L)

Low GLP-1 14 9.01 +1.31

High GLP-1 14 8.77 £ 1.18

Glucose AUC, 5, (mmol/L.min)

Low GLP-1 14 1256.57 + 232.97
High GLP-1 14 1294.39 + 289.48
Fasting insulin (uU/ml)

Low GLP-1 14 17.09 £ 9.41

High GLP-1 14 19.20 £ 6.31
30- min insulin (WU/ml)

Low GLP-1 14 61.32 + 38.09

High GLP-1 14 117.74 + 4440

Insulin AUCy.,;, (0U/ml.min)
Low GLP-1 14

High GLP-1 14 18539.53+6493.01

Type 2 diabetes n Baseline
mean + SD
HbAlc (%)
Low GLP-1 11 8.13 £ 0.96
High GLP-1 11 8.52 £ 0.70

Fasting plasma glucose (mmol/L)

Low GLP-1 11 8.85 +2.08

High GLP-1 11 9.39 £2.14
2-h plasma glucose (mmol/L)

Low GLP-1 11 17.03 + 4.79

High GLP-1 11 1593 + 3.11

Glucose AUC, ,;, (mmol/L.min)

Low GLP-1 11 1826.59 + 460.36

High GLP-1 11 1886.59 + 369.96

Fasting insulin (wU/ml)

Low GLP-1 11 18.79 £ 11.70

High GLP-1 11 18.85 + 16.38
30- min insulin (pU/ml)

Low GLP-1 11 48.08 +22.29

High GLP-1 11 60.37 + 43.87

Insulin AUC.,;, (0U/ml.min)
Low GLP-1 11
High GLP-1 11

7479.22+3823.06
13555.91£9709.1

AUC, area under the curve; GLP-1, glucagon-like peptide-1; LS, least-squares.

*n<0.05; 'p<0.05 compared to baseline.

10011.0145495.12

Week 12
(mean + SD)

5.84 + 031
5.62 +0.62

5.67 + 0.68
5.37 £ 0.50

8.61 +1.78
7.57 + 1.56

1181.36 + 359.47
1028.25 + 146.70

15.16 + 8.84
18.23 + 5.67

66.81 + 35.96
136.53 + 35.45

10350.56+4481.95
20973.60+9348.39

Week 12
mean + SD

7.35+0.75
6.93 +0.39

7.16 + 1.86
6.48 +1.29

12.66 + 3.81
9.74 +2.18

1427.73 + 297.86

1303.91 + 241.94

18.70 + 15.48
19.58 + 13.11

49.13 +26.17
69.85 + 41.23

8474.23+4084.95

19708.59+13918.79

LS-mean change from baseline
(95% CI)

-0.11 (-0.26,0.04)
-0.33 (-0.48,-0.18)"

0.29 (0.05,0.52)
-0.16 (-0.39,0.07)
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-1.23 (-1.99,-0.48)"
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28.57"
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517.45 (-2854.14,3889.05)
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LS-mean change from baseline
(95% CI)

9 (-1.22,-058)"
-1.48 (-1.8,-1.16)"

-1.85 (-2.46,-1.25)"
-2.81 (-3.42,-2.19)"

-4.02 (-5.08,-2.95)"
-6.42 (-7.48,-5.35)"

-410.3t (-492.09,-328.51)
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(-648.39,-484.74)

-0.12 (-8.40,8.16)
0.80 (-7.49,9.09)

0.17 (-10.95,11.29)
8.89 (-2.09,19.87)

2045.02" (62.26,4027.77)
5109.56" (3148.9,7070.23)

LS-mean between- group difterence

(95% CI)

-0.22 (-0.43,-0.02)*

-0.45 (-0.78,-0.12)*

-0.85 (-1.92,0.22)

-172.24* (-343.53, -0.95)

1.10 (-1.66,3.87)

31.13 (9.94,52.33)*

2489.1 (-2741.39,7719.59)

LS-mean between- group difference
(95% CI)

-0.58 (-1.04,-0.12)*

-0.95 (-1.82,-0.08)*

-2.40 (-3.94,-0.87)*

-156.26*
(-272.81,-39.72)

0.92 (-10.88,12.72)

872 (-7.18,24.62)

3064.55* (160.28,5968.81)
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Prediabetes (n=28) Type 2 diabetes (n=22) p-value

Age (years) 50 10 52+ 12 0484
Male/Female, % 50/50 72.7/27.3 0.09
Ethnicity, n (%)

Malays 9 (32.1) 8 (36.4) 0.951

Chinese 11 (39.3) 8 (36.4)

Indians 8 (28.6) 6 (27.3)
Body weight 73.99 +13.26 75.09 + 15.26 0.787
(kg)
Height (cm) 161.30 = 8.23 163.64 + 9.27 0.352
BMI (kg/mz) 2842 + 4.65 28.16 £ 6.10 0.868
Waist-to-hip ratio 0.90 £ 0.09 0.92 £ 0.07 0.469
Systolic blood pressure (mmHg) 135+ 18 134+ 18 0.849
Diastolic blood pressure (mmHg) 82+ 11 80+ 10 0712
HbAlc (%) 5.95 + 0.45 832+ 0.84 <0.001
Fasting glucose (mmol/L) 5.46 +0.77 9.12 £ 2.08 <0.001
Fasting insulin (pU/ml) 18.15 + 7.94 18.82 + 13.89 0.839
Fasting GLP-1 21.11 (15.77, 27.53) 26.09 (21.27, 31.48) 0.044
(pmol/L)
Triglyceride (mmol/L) 1.60 (1, 2.03) 1.65 (1.3, 2.23) 0.252
Total cholesterol 4.83 £0.98 515+ 142 0344
(mmol/L)
LDL-C (mmol/L) 2.74 £ 0.69 312+ 1.26 0.209
HDL-C (mmol/L) 1.18 £ 0.35 1.09 £ 0.18 0.249

Data are expressed as mean + standard deviation or median (25™ percentile, 75% percentile).
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