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Background and Aim

Sodium-glucose cotransporter-2 inhibitors (SGLT2i) induce less weight loss than expected. This may be explained by SGLT2i-induced alterations in central reward and satiety circuits, contributing to increased appetite and food intake. This hyperphagia may be specific to high-calorie foods. Glucagon-like peptide-1 receptor agonists (GLP-1RA) are associated with lower preferences for high-calorie foods, and with decreased activation in areas regulating satiety and reward in response to high-calorie food pictures, which may reflect this lower preference for energy-dense foods. To optimize treatment, we need a better understanding of how intake is controlled, and how [(un)healthy] food choices are made. The aim of the study was to investigate the effects of dapagliflozin, exenatide, and their combination on brain activation in response to low-calorie food pictures.



Methods

We performed an exploratory analysis of a larger, 16-week, double-blind, randomized, placebo-controlled trial. Sixty-eight subjects with obesity and type 2 diabetes were randomized to dapagliflozin, exenatide, dapagliflozin plus exenatide, or double placebo. Using functional MRI, the effects of treatments on brain responses to low-calorie food pictures were assessed after 10 days and 16 weeks.



Results

Dapagliflozin versus placebo decreased activity in response to low-calorie food pictures, in the caudate nucleus, insula, and amygdala after 10 days, and in the insula after 16 weeks. Exenatide versus placebo increased activation in the putamen in response to low-calorie food pictures after 10 days, but not after 16 weeks. Dapagliflozin plus exenatide versus placebo had no effect on brain responses, but after 10 days dapagliflozin plus exenatide versus dapagliflozin increased activity in the insula and amygdala in response to low-calorie food pictures.



Conclusion

Dapagliflozin decreased activation in response to low-calorie food pictures, which may reflect a specific decreased preference for low-calorie foods, in combination with the previously found increased activation in response to high-calorie foods, which may reflect a specific preference for high-calorie foods, and may hamper SGLT2i-induced weight loss. Exenatide treatment increased activation in response to low-calorie foods. Combination treatment may lead to more favorable brain responses to low-calorie food cues, as we observed that the dapagliflozin-induced decreased response to low-calorie food pictures had disappeared.
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1 Introduction

Sodium-glucose cotransporter-2 inhibitors (SGLT2i) and glucagon-like peptide-1 receptor agonists (GLP-1RA) are recently introduced drug classes for the treatment of type 2 diabetes (T2D). Besides their effects on glucose regulation, both reduce body weight.

Weight loss induced by SGLT2i is attributable to urinary glucose excretion. However, observed weight loss is less than expected based on the amount of calories excreted. Since energy expenditure remains unchanged with SGLT2i, the discrepancy between the observed and expected weight loss implies an increase in calorie intake (1, 2). Previously, we showed that dapagliflozin affects central satiety and reward centers, as we found that dapagliflozin increased regional brain responses to highly palatable food cues (3). Together with an observed increased appetite and carbohydrate intake, this could contribute to less weight loss than expected based on urinary calorie excretion. Other studies also suggested a specific increase in (craving for) high calorie/sweet foods with SGLT2i treatment (4–6).

The weight loss induced by GLP-1RAs is mainly attributable to suppressed appetite signaling in the brain and increased satiety, which leads to a reduced food intake via direct and indirect actions in the CNS. Interestingly, GLP-1 receptor activation selectively reduced intake of highly palatable, energy-dense food without affecting intake of standard diets in animals (7–10). In humans, GLP-1RA treatment is also associated with lower preferences for fatty, energy-dense foods (11–14). In addition, GLP-1RA treatment was associated with decreased activation in the insula, putamen, and amygdala in response to palatable food cues (15, 16), which may reflect a lower preference for energy-dense foods. However, it is unknown if GLP-1RA treatment is associated with an increased CNS activation to low-calorie food pictures, which may reflect a preference for healthy low-calorie foods.

Given their unique mechanisms of lowering glucose and body weight, the combination of SGLT2i and GLP-1RA appears promising (17–19). Recently we showed that in combination therapy, exenatide blunted the increased CNS activation observed with dapagliflozin in response to palatable food cues (3). However, the response to low-calorie foods has not been investigated.

Most studies investigated brain responses to high-calorie foods, as high-calorie foods induce greater hedonic responses in the brain. Interestingly, some studies also investigated brain responses to low-calorie food pictures and suggested that high- and low-calorie foods may be (partially) differently processed by the brain (20–22). In order to optimize treatments for obesity, we need a better understanding of how the intake of different nutrients is controlled, and how food choices are made. Therefore, the aim of the current study was to explore the effects of dapagliflozin, exenatide, and their combination on CNS activation in response to low-calorie food pictures.



2 Methods


2.1 Study Design

This was an exploratory analysis of the Dapagliflozin plus Exenatide on Central REgulation of Appetite in diabeteS typE 2 (DECREASE) study (3, 23) (NCT03361098). The study was approved by the Medical Ethics Committee of the Amsterdam University Medical Center, location Vumc, the Netherlands, and conducted in accordance with the Declaration of Helsinki and Good Clinical Practice. All patients provided informed consent.



2.2 Participants

Participants were recruited from our outpatient clinic database and by advertisement in local newspapers. We included men and postmenopausal women with type 2 diabetes, aged 18 to 75 years, with a stable body weight (<5% reported change during the previous 3 months), a BMI >25 kg/m2 who used metformin with or without sulfonylurea (stable dose for ≥ 3 months). HbA1c levels for participants treated with metformin monotherapy were 7%-10% and for metformin plus sulfonylurea 7.5%-10%. Exclusion criteria were a history of severe cardiovascular, renal, or liver disease, malignancies (excluding basal cell carcinoma), uncontrolled thyroid disease, the use of any centrally acting agent or oral glucocorticoids, substance abuse, neurological or psychiatric disease including eating disorders and depression, and MRI contra-indications. Written informed consent was obtained from all participants.



2.3 General Experimental Protocol

The design of this randomized double-blind placebo-controlled trial has been described in detail previously (3, 23). In summary, patients were randomized 1:1:1:1, performed by an independent trial pharmacist using computer-generated numbers, to 1. dapagliflozin 10 mg plus exenatide-matched placebo; 2. exenatide twice-daily 10 µg plus dapagliflozin-matched placebo; 3. dapagliflozin plus exenatide; or 4. placebo dapagliflozin plus placebo exenatide for 16 weeks. Exenatide (or placebo) was injected twice daily 15 to 30 minutes before breakfast and dinner, and was initiated at a dose of 5 µg, followed by a dose increase to 10 µg after 4 weeks, which was maintained until the end of the study. Dapagliflozin (or placebo) was taken once daily at 8 PM during the 16-week treatment period. To maintain blinding throughout the study, participants were treated in a double-dummy design. There was no difference in appearance between exenatide and placebo injections or dapagliflozin or placebo tablets.

There were three endpoint visits, at baseline, after 10 days, and 16 weeks of treatment. On these three visits, fMRI measurements and measurements of anthropometrics, blood pressure, and body composition were performed, and blood was drawn. The 10-day measurement was chosen to assess the effects of treatments on the CNS responses, independent of changes in body weight. The 16-week follow up time point was chosen because the largest reductions in HbA1c and body weight occur in the first ~16 weeks of treatment, and remain more or less stable thereafter (2, 24).



2.4 fMRI Protocol

The fMRI measurements were performed as described previously (3, 15, 16, 25). Briefly, pictures were presented in three runs comprising six blocks each: two blocks consisting of high-calorie food (sweet and savoury), two blocks of low-calorie food (fruits and vegetables), and two blocks of non-food items (e.g., trees, flowers, rocks, and bricks). Within each block seven pictures were presented for 2.5 s each, separated by a 0.5 s blank screen. Each block was followed by 9 s of grey blank screen with a fixation cross. Across each block and session, pictures were matched for shape and color

Imaging data were acquired using a 3.0 Tesla GE Signa HDxt scanner (General Electric, Milwaukee, WI, USA). Structural MRI was obtained using a T1-weighted sequence. fMRI data were acquired using an echo planar imaging T2-weighted blood oxygenation level–dependent sequence with 40 ascending slices per volume (3 mm thickness, 0 mm gap), which resulted in whole-brain coverage. Functional images were pre-processed with fMRIprep v1.2.3 (26), as described previously (3). T1-coregistered volumes were normalized to Montreal Neurological Institute space. Pre-processed data were analysed in the context of the general linear model with SPM12 (Wellcome Trust Centre for Neuroimaging, London, U.K.). At the first (single-subject) level, high-calorie food, low-calorie food, and non-food blocks were modeled. To assess if the effect of treatment on CNS activation related to viewing food pictures, and was food-cue specific, we computed the following contrasts at each time point: low-calorie vs non-food and high-calorie vs. non-food. To test our hypotheses, dapagliflozin, exenatide, and dapagliflozin plus exenatide were compared with placebo after 10 days and 16 weeks of treatment. In additional analyses, dapagliflozin was compared with dapagliflozin-exenatide.

A priori ROIs were determined based on previous studies (i.e., insula [including adjacent opercula], striatum [i.e., putamen and caudate nucleus], amygdala, and orbitofrontal cortex [OFC]), as these regions are consistently shown to be involved in responses to food cues and are part of the central reward circuits (27)). CNS activations were reported as significant when these survived family-wise error (FWE) correction for multiple comparisons (PFWE < 0.05) at the voxel level using small volume correction within the predefined ROIs, using 10-mm radius spheres (5-mm sphere for the amygdala) as described previously (15, 28).




3 Results


3.1 Baseline Characteristics

Of 68 patients, 65 patients completed the study protocol between September 2017 and March 2020 (3). One patient in the combination group discontinued treatment due to nausea, and one patient in the placebo group discontinued treatment due to personal reasons. One patient in the exenatide group experienced claustrophobia during baseline MRI measurements; this patient continued treatment without follow-up MRI measurements. Baseline characteristics were well balanced between treatment groups (Table 1) (3).


Table 1 | Baseline characteristics.





3.2 Anthropometrics and Glycemic Control

As previously published, compared with placebo, dapagliflozin reduced body weight by -2.5 ± 0.5 kg (p<0.001), exenatide by -1.4 ± 0.5 kg (p<0.01), and the combination by -2.8 ± 0.5 kg (p<0.001), after 16 weeks of treatment (3). In addition, compared with placebo, dapagliflozin reduced HbA1c by 0.5 ± 0.19% (5 mmol/mol, p<0.01), exenatide by 0.8 ± 0.18% (8.4 mmol/mol, p<0.001), and the combination by -1.2 ± 0.19% (11.9 mmol/mol, p<0.001) after 16 weeks (3).



3.3 CNS Responses to Food Pictures


3.3.1 Dapagliflozin Compared With Placebo

After 10 days dapagliflozin compared with placebo decreased activity in the bilateral caudate nucleus (right, T 3.5, P‐FWE 0.035; left, T 3.7, P‐FWE 0.023), left insula (T 3.6, P‐FWE 0.027), and left amygdala (T 3.1, P‐FWE 0.021) in response to low-calorie pictures (Table 2; Figure 1A). After 16 weeks of treatment, dapagliflozin compared with placebo reduced activity in the right insula (T 3.5, P‐FWE 0.041) in response to low-calorie pictures (Table 2; Figure 1B).


Table 2 | Effects of dapagliflozin, exenatide and the combination of dapagliflozin and exenatide on brain responses to low-calorie food pictures.






Figure 1 | Average differences in CNS activation between dapagliflozin (black bar) and placebo (white bar). (A) Axial slice showing average differences between dapagliflozin (black bar) and placebo (white bar) after 10 days of treatment in the left caudate nucleus (PFWE < 0.05, T = 3.7) (upper left panel), the right caudate nucleus (PFWE < 0.05, T = 3.5) (upper right panel), the left amygdala (PFWE < 0.05, T = 3.1) (middle left panel), and the left insula (PFWE < 0.05, T = 3.6) (middle right panel) in response to the viewing of low-calorie versus non-food pictures. (B). Horizontal slice showing average differences between dapagliflozin (black bar) and placebo (white bar) after 16 weeks of treatment in the right insula (left panel: PFWE < 0.05, T = 3.5), and non-statistically significant in the right insula (right panel: PFWE = 0.074, T = 3.2) in response to the viewing of low-calorie food pictures versus non-food pictures. The left side of the brain slices is the left side of the brain. The color scale reflects the T value of the functional activity. Results are presented at the threshold of P < 0.05, familywise error (FWE) corrected on cluster extent within the regions of interest using small volume correction (10 mm sphere; 5 mm sphere for the amygdala). In the graphs, blood oxygen level-dependent (BOLD) signal intensity (effect size) is plotted (arbitrary unites), mean and SEM. The numbers on the y-axes of the bar graphs are the x,y,z, coordinates of the peak voxel of the observed difference in Montreal Neurological Institute (MNI) space. R, right; L, left.





3.3.2 Exenatide Compared With Placebo

After 10 days exenatide compared with placebo increased activity in the right putamen (T 3.6, P‐FWE 0.027) and tended to increase activity in right insula (T 3.3, P‐FWE 0.057) in response to low-calorie pictures (Table 2; Figure 2A). After 16 weeks exenatide compared with placebo had no effect on brain activation in response to low-calorie pictures.




Figure 2 | Average differences in CNS activation after 10 days of treatment. (A) Axial slice showing average differences between exenatide (black bar) and placebo (white bar) in the right putamen (PFWE < 0.01, T=3.2) (upper panel) in response to the viewing of low-calorie versus non-food pictures. (B) Horizontal slice showing average differences between dapagliflozin plus exenatide (combi) (black bar) and dapagliflozin (white bar) in the left insula (PFWE < 0.01, T = 4.3) (middle left panel), right insula (PFWE < 0.01, T = 4.3) (middle right panel), and right amygdala (PFWE < 0.05, T = 2.8) (bottom panel) in response to the viewing of low-calorie food pictures versus non-food pictures. The left side of the brain slices is the left side of the brain. The color scale reflects the T value of the functional activity. Results are presented at the threshold of P < 0.05, familywise error (FWE) corrected on cluster extent within the regions of interest using small volume correction (10 mm sphere; 5 mm sphere for the amygdala). In the graphs, blood oxygen level-dependent (BOLD) signal intensity (effect size) is plotted (arbitrary unites), mean and SEM. The numbers on the y-axes of the bar graphs are the x,y,z, coordinates of the peak voxel of the observed difference in Montreal Neurological Institute (MNI) space. Combi, dapagliflozin plus exenatide; R, right; L, left.





3.3.3 Dapagliflozin-Exenatide Compared With Placebo

Dapagliflozin-exenatide compared with placebo had no effect on brain activation in response to low-calorie pictures.



3.3.4 Dapagliflozin-Exenatide Compared With Dapagliflozin

After 10 days of treatment, dapagliflozin-exenatide compared with dapagliflozin increased activity to low-calorie food pictures in bilateral insula (right T 4.3, P‐FWE = 0.006, T 3.8, P‐FWE = 0.016; left T=4.3, P‐FWE = 0.004, T=4.2, P‐FWE = 0.006) and right amygdala (T 2.8, P‐FWE = 0.043) (Table 2; Figure 2B). After 16 weeks combination therapy tended to increase activity in the left putamen (T 3.1, P‐FWE 0.065) in response to low-calorie pictures (Table 2).





4 Discussion

This is the first study investigating CNS activation in response to low-calorie food pictures with dapagliflozin, exenatide, or combination treatment. Previously we demonstrated that dapagliflozin increased appetite and carbohydrate intake, together with increased CNS activation in response to high-calorie (hedonic) food pictures after short-term treatment (3). Here, we demonstrated that the neural responses to food pictures with dapagliflozin may be food cue specific, as dapagliflozin was associated with reduced activation in response to low-calorie (non-hedonic) food pictures after short (10 days) and longer-term (16 weeks) treatment. In addition, exenatide was associated with increased CNS responses to low-calorie food pictures, while the combination of dapagliflozin and exenatide showed no effect on low-calorie food pictures.

Previously, we showed that the presumed SGLT2i-induced hyperphagia (1, 2, 29) may be specific for high-calorie/sweet foods, as we and others found an increase in carbohydrate intake (3, 30), or sugar intake (5). In line with this, we previously observed that dapagliflozin increased CNS activation in response to high-calorie foods, which may reflect the neurophysiological correlate for the observed preference for high-calorie/sweet foods. Interestingly, this is the first study that also demonstrated decreased CNS activation in response to low-calorie food pictures, which may reflect a specific decreased preference for low-calorie foods. This may have clinical consequences as a specific dislike for low-calorie foods in combination with a preference for high-calorie foods and may hamper SGLT2i-induced weight loss.

Some studies suggested a specific dislike for calorie-dense/sweet foods with GLP-1RA treatment (11–14). Here, we are the first to demonstrate that exenatide increased CNS activation in response to low-calorie food pictures, while we previously demonstrated that liraglutide (16) and exenatide (3) reduced CNS activation to high-calorie food pictures. Together, these findings suggest an increased preferential response to low-calorie foods. Interestingly, in line with these results, a recent observational study found a positive correlation between endogenous circulating GLP-1 and dorsal striatal responsiveness to low-calorie food cues, and a negative correlation between GLP-1 and dorsal striatal responding to high-calorie food cues (31).

After combining dapagliflozin with exenatide, the dapagliflozin-induced decrease in CNS activation in response to low-calorie food pictures had disappeared, presumably due to activation increasing effects of exenatide. These findings complement the findings of CNS responsiveness to high-calorie food pictures, as we found no effect of dapagliflozin plus exenatide, while dapagliflozin increased responses and exenatide decreased CNS responses to high-calorie food pictures (3). Together, this suggests that exenatide can (partially) alter the food preferences induced by dapagliflozin, which may contribute to more weight loss with the combination.

“Effects of treatments compared with placebo were observed in putamen, caudate nucleus, insula and amygdala. These brain regions are part of a complex reward circuitry (32). The insula receives gustatory and visceral afferents, is involved in taste memory and is also involved in the rewarding aspects of food (33). The insula modulates the activity of the other brain regions, based on homeostatic signals, and translates these internal signals into subjective feelings such as the urge to eat (34). The putamen is engaged in the reward processing and conditioning, and activation in the putamen is associated with predicting future weight gain (35). The amygdala is involved in the association of cues with reward and emotional learning (36).

“SGLTs are glucose transporters in the intestine, kidney, and also in the brain (37–39). The expression of SGLT2 in brain is low, and therefore its physiological function remains questionable (40). Dapagliflozin has a higher affinity for SGLT2 (41), but could potentially also affect SGLT1. SGLT1 is expressed in neurons throughout the brain, showing high expression in regions that are involved in learning, regulation of feeding behavior, energy expenditure and glucose homeostasis (40). A study in rats demonstrated a direct effect of SGLT2i on the CNS as central administration of SGLT2i increased food intake (42). Metabolic adaptions may also play a role to compensate for the chronic calorie loss. “Further research to investigate the exact mechanism of how SGLT2 inhibition affects the CNS is needed.”

Although the design of the trial is one of its major strengths, the study was not specifically designed for this exploratory analysis and should therefore be considered as hypothesis generating. We assessed appetite scores, but we did not administer questionnaires determining preferences for specific (aspects of) food (i.e., sweet, fatty, savory, salty). Food intake was measured with an ad libitum lunch buffet, but daily food intake was not measured. However, measuring food intake is a major challenge in free-living individuals, and people with obesity are known to underreport their intake (43). Although we investigated changes in CNS activation in predefined ROIs which are consistently shown to be involved in responses to food cues, and are part of the central reward circuits, it would have been of interest to include regions for homeostatic control of feeding such as the nucleus tractus solitarii in the brain stem and the hypothalamus. However, visualization of both using fMRI is challenging due to their size and location. Further research primarily investigating the neurophysiological correlates for food preferences, with sufficient participants, and stringent measurements of food intake (i.e., weighed food intake) should be performed to confirm our results.

In conclusion, previously we showed that dapagliflozin treatment increased activation in feeding regulation areas in responses to high-calorie foods, which suggests that the hyperphagia with dapagliflozin treatment may be specific for high-calorie/sweet foods. Here, we also demonstrated a decreased activation in response to low-calorie foods in people with obesity and T2D, which may reflect a specific decreased preference for low-calorie foods. This may have clinical consequences as a specific dislike for low-calorie foods in combination with a preference for high-calorie foods may hamper the weight loss of SGLT2i. In contrast, exenatide treatment resulted in an increased activation in response to low-calorie foods. The combination of dapagliflozin plus exenatide may lead to more favorable brain responses to food cues, as we observed that the dapagliflozin-induced decrease to low-calorie food pictures had disappeared. These findings provide further insight in the appetite and weight lowering effects with SGLT2i and GLP-1RAs alone and in combination and may contribute to optimizing weight loss.
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OEBPS/Images/table2.jpg
-Group/comparison Time point Contrast Region Side Cluster T P-rwe MNI coordinates (x, y, 2)

Placebo > Dapaglifiozin

10 days Low-calorie > non-food Caudate nucleus R 40 35 0.035 10,10,14
Caudate nucleus L 28 3.7 0.023 -6,8,6
Insula L 183 3.6 0.027 -44,-12,16
Amygdala L 32 3.1 0.021 -28,-10,-16
16 weeks Low-calorie > non-food Insula R 75 3.5 0.041 38,-24,6
Insula R 39 32 0.076 40,28,6
Exenatide > Placebo
10 days Low-calorie > non-food Putamen R 31 3.6 0.027 32,06
Insula R 122 3.3 0.057 42,6,-8
16 weeks Low-calorie > non-food NS NS NS NS NS NS
Combination > Placebo
10 days Low-calorie > non-food NS NS NS NS NS NS
16 weeks Low-calorie > non-food NS NS NS NS NS NS
Combination > Dapagliflozin
10 days Low-calorie > non-food Insula R 141 4.3 0.006 46,-4,16
Insula R 150 3.8 0.016 32,-22,12
Insula L 144 4.3 0.004 -42,-14,16
Insula L 213 4.2 0.004 -36,-32,18
Amygdala R 17 28 0.043 28,-8,-14
16 weeks Low-calorie > non-food Putamen L 3.1 0.065 -32,2,0

This table describes the areas where significant differences in activations were observed with dapaglifiozin, exenatide, and combination of dapagiifiozin plus exenatide compared with
placebo treatment. For each comparison, the contrast (activation during low-calorie > non-food pictures) is presented. The areas with significant differences are listed, including the cluster
size of this effect, the T value, and the FWE corrected p-value after small volume correction. The last column describes the coordinates of the peak voxel of the observed difference in MNI
space. For completeness non-significant results in regions of interest are showed in grey. Combination, dapaglifiozin plus exenatide; T, T-value; P-rys P-value family-wise error corrected
for muitiple comparisons on the basis of cluster extent (small volume correction); R, right; L, left; MINI, Montreal Neurological Institute coordinates in mm, which represents the exact three
dimensional location [x=horizontal, y=horizontal, z= vertical axis in mm distance from the origin (which is the intersection of the three axis)] in the brain of the significant activation; NS,
indicating that there were no statistical significant results for this comparison.
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Dapagliflozin (n = 16)

Exenatide (n = 17)

Dapagliflozin + Exenatide (n = 16)

Placebo (n = 16)

Age (years) 64 (8-4) 65 (5-8) 64 (7-4) 609 (7-2)
Female [n (%)) 4(25) 6 (35-3) 4 (25) 4 (25:0)
Weight (kg) 97-8 (15+4) 966 (13-3) 936 (13-4) 991 (21-9)
BMI (kg/m?) 317 (33) 327 (51) 309 (34) 315 (5:9)
Body fat (%) 349 (55) 386 (8:6) 349 (6:2) 34.9 (7-4)
Diabetes duration (years) 80 [5:5,136] 100 6,18] 7:0[5,12:8] 95 [7,105]
Fasting glucose (mmol/) 87 (1:5) 99 (1:9) 10-7 (3-6) 95 (3:0)
HbA1c (% )(mmol/mol) 7-8 (0-6) 61-3 (6-1) 7:9 (0-8) 650 (11-1) 80 (1-3) 635 (14-5) -0 (0-95) 64-7 (11-7)
eGFR (ml/min/1-73m?) 83-4 (14-6) 83-2 (137) 888 (10-6) 87-8 (112)
Use of [n (%))

Metformin 16 (100) 17 (100) 16 (100) 16 (100)
SU derivative 5(31:3) 6 (35-3) 3(18:8) 8 (500)
Beta blocker 4(25:0) 4(235) 3(18:8) 2 (12:5)
Statin 12 (75:0) 14 (82-4) 12 (75:0) 14 (87-5)
Anti-coagulant 4(25:0) 4 (235) 5(31-9) 1(63)
RAS inhibition 5(313) 12 (706) 10 (66-7) 9 (563)
ACE inhibitor 2 (400) 8 (47-1) 7(70:0) 6 (667)
ARB 3(60-0) 4(23-5) 3(30-0) 3(30:0)

Data are means + SD or median [interquartile range] for continuous metrics, and number (percent) for categorical characteristics. BMI, body mass index; eGFR, estimated glomerular

filtration rate; SU, Sulfonylurea; ACE, angiotensin converting enzyme; ARB, angiotensin-Il receptor blocker.
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