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Abstract

Background: The aim of the study is to compare the effect of met-
formin hydrochloride and alogliptin benzoate combination tablets 
medication once daily am/pm on blood glucose and investigate pre-
dictive factors for drug responses.

Methods: This is a single-center, single-dose, open-label, rand-
omized, two-treatment (once-daily, am and pm), two-sequence and 
two-period crossover study with a washout period of 1 day. Glycemic 
variability and control were assessed using the FreeStyle Libre Pro 
continuous glucose monitoring in terms of time spent in different gly-
cemic ranges and low/high blood glucose indices (LBGI/HBGI), and 
compared between the dosing timing.

Results: The average postprandial glucose in lunch and dinner in AM 
group were lower but not significant compared to PM group. There 
was no difference in average, time above range (TAR: > 180 mg/
dL), time in range (TIR: 70 - 180 mg/dL), time below range (TBR: < 
70 mg/dL), and area under curve (AUC) (AM0 - AM6, AM6 - PM0, 
PM0 - PM6, and PM6 - PM12) between treatments time (AM vs. PM). 
There was a significant strong negative correlation between high-
density lipoprotein cholesterol (HDL-C) levels and changes of HBGI 
from AM to PM (r = -0.608), but HDL-C levels were not associated 
with LBGI. There was moderately strong correlation between evening 
type in chronotype and changes of HBGI from AM to PM (r = 0.592).

Conclusions: These findings suggest that HDL-C levels and chrono-
type might modulate drug response, although there was no difference 

in average, TIR, TBR, TAR, and AUC between treatments timing in 
patients with type 2 diabetes (T2D).
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Introduction

Metformin is a first-line medication for patients with type 2 
diabetes (T2D) [1]. On the other hand, alogliptin, which is the 
dipeptidyl peptidase-4 inhibitor (DPP-4i), is an oral and anti-
diabetic medication that is approved for patients with T2D in 
the world including Japan [2]. Fixed-dose combination products 
containing metformin and DPP-4i have been developed and 
improved drug adherence [3]. The blood glucose (BG) levels 
after breakfast were increased but BG levels after lunch were 
decreased after switching from twice-daily 250-mg metformin 
plus to once-daily 25-mg alogliptin fixed-dose combination in 
patients with T2D [4]. According to the morningness-evening-
ness questionnaire, people were divided into morning type or 
evening type [5]. Flash glucose monitoring offer daily glucose 
profiles [6]. However, the comparative efficacy of fixed dose 
combination of alogliptin and metformin [7] at am vs. pm dos-
ing regimen has not previously been determined. The aim of the 
study is to compare the effect of metformin hydrochloride and 
alogliptin benzoate fixed-dose tablets medication once-daily am/
pm on BG and investigate predictive factors for drug response.

Materials and Methods

Trial design

This study was a single-center (metformin hydrochloride 500 
mg and alogliptin benzoate 25 mg fixed-dose tablets), rand-
omized, two-way crossover trial. This study consisted of two 
intervention periods (2 weeks) and washout period (1 day). 
Time to reach maximum plasma concentration (Tmax) of met-
formin is 2.5 h, while Tmax of alogliptin is 3 h [8]. Patients 
with T2D and poor control were randomly allocated to the se-
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quence of two treatments timing: administration at am and pm.
We registered clinical trial registry (UMIN000031445). 

Inclusion criteria included: 1) age of 20 - 70 years, 2) T2D, 
and 3) ≥ 6.5% of hemoglobin A1c (HbA1c). Exclusion crite-
ria included type 1 diabetes mellitus, glucagon-like peptide-1 
(GLP-1) agonist or insulin treatment, night worker or shift 
worker, contraindications of metformin medication (creatinine 
(Cr) ≥ 1.2 mg/dL for women or Cr ≥ 1.3 mg/dL for men), and 
history of adverse reactions to metformin or DPP-4i medica-
tion. The recruitment of the participants started on March 31, 
2018 and ended in March 2019.

Outcome measure

We downloaded the raw glucose data from the FreeStyle Libre 
Pro continuous glucose monitoring (CGM) system (Abbott Lab-
oratories). Glycemic variability included the following: average 
glucose; standard deviation (SD); high BG index (HBGI) and low 
BG index (LBGI) [9], time above range (TAR: > 180 mg/dL), 
time in range (TIR: 70 - 180 mg/dL), time below range (TBR: 
< 70 mg/dL), area under curve (AUC), and estimated HbA1c. 
We obtained information on age, body mass index (BMI), and 
medical history. Glycemic markers (HbA1c, glycated albumin 
(GA), and 1, 5-anhydroglucitol (1, 5-AG), serum lipids (total 
cholesterol (TC), high-density lipoprotein cholesterol (HDL-C), 
and triglycerides (TG), total protein (TP), albumin (Alb), blood 
urea nitrogen (BUN), serum creatinine sCr, urinalysis (UA), 
aspartate aminotransferase (AST), alanine aminotransferase 
(ALT), γ-glutamyl transferase (GGT), and high-sensitivity C-
reactive protein (hs-CRP) were measured. The chronotype was 
self-classified as one of three possible classes (morning type, 
intermediate type, and evening type) [10]. The healthy lifestyle 
score (HLS) was defined based on eight healthy lifestyle behav-
iors, namely: 1) fruit intake per day (≥ 1); 2) fish intake per day 
(≥ 1); 3) milk consumption per day (almost daily); 4) BMI (21 
- 25 kg/m2); 5) number of hours spent in walking and/or sports 
(≥ 0.5 h per day and/or ≥ 5 h per week, respectively); 6) avoid-
ance of smoking (nonsmokers included past smokers); 7) alco-
hol consumption (< 2 gou = 46.0 g ethanol/day; 1 gou is a unit of 
Japanese liquor that contain approximately 23 g of ethanol); and 
8) sleep duration (5.5 - 7.4 h/day). We assigned 1 point for each 
lifestyle behavior, and totaled the points to obtain the healthy 
lifestyle score, which ranged from 0 to 8 [11]. Treatment satis-
faction and preference was measured using 5-point Likert scale.

Sample size

Sample sizes (n = 20) were estimated using the previous study 
[12].

Randomization

The biostatistician randomly assigned patients (1:1) to either 
medication in the morning (A) during period 1 followed by 
medication in the evening during period 2 (AB sequence); fur-

ther, the reverse order of the medication timing (BA sequence) 
was also followed.

Blinding

Patients and physicians were not blinded to the medication 
timing. The biostatistician performed blind analysis of the fi-
nal data.

Statistical analysis

Data are indicated as mean (SD). Pearson’s correlation coeffi-
cient was applied to test possible significant relationships [13]. 
Correlation coefficient interpretation guideline was: 0.8 ≤ |r| 
< 1.0: very strong, 0.6 ≤ |r| ≤ 0.8: strong, 0.4 ≤ |r| < 0.6: mod-
erately strong, 0.2 ≤ |r| < 0.4: weak, 0.0 < |r| < 0.2: very weak 
correlation. Glycemic variability was calculated using the R 
package gluvarpro. Using the pkcross command in Stata, treat-
ment and carryover effect were calculated.

Adverse events

Adverse events were assessed during the intervention period, 
but adverse events were not obtained in the washout period.

This study protocol was approved by the Ethics Commit-
tee of Sukoyaka Takada Central Hospital (approval number: 
2018-A-02); and the study was conducted in compliance with 
the Helsinki Declaration.

Results

Of 17 patients screened, 12 patients consented to participate 
in the study. One patient was drop-out due to moving. A total 
of 11 patients with T2D (mean age, 57.2 ± 11.2 years; mean 
BMI, 26.1 ± 4.6 kg/m2) were analyzed (Table 1). Medication 
adherence was 100%. There were no differences in laboratory 
parameters between groups (Table 2). The average postprandial 
glucose levels in lunch and dinner in AM group were lower but 
not significant compared to PM group (Fig. 1). There were no 
differences in average, time above range (TAR: > 180 mg/dL), 
time in range (TIR: 70 - 180 mg/dL), time below range (TBR: 
< 70 mg/dL), time above range (TAR: > 180 mg/dL), and AUC 
(AM0 - AM6, AM6 - PM0, PM0 - PM6, and PM6 - PM12) 
between groups (Table 3). HDL-C levels was significantly as-
sociated with changes of HBGI from AM to PM, but not associ-
ated with LBGI (Table 4, Fig. 2). There was moderately strong 
correlation between evening type in chronotype and changes of 
HBGI from AM to PM (r = 0.592). The percent of patients re-
ported high satisfaction at medication am was 18.2%, although 
the percent of patients reported high satisfaction at pm was 0% 
with no difference. The number of patients reported recom-
mended this fixed combination medication at am was 0% but 
at pm was 9.1% with no difference. No adverse events related 
with the study were observed during the intervention period.
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Discussion

This is the first study using flash glucose monitoring to com-
pare the effect of metformin hydrochloride and alogliptin ben-
zoate fix-dose tablets medication once-daily am/pm on BG and 
investigate predictive factors for drug response. There was no 
difference in average BG levels between medication timing. 
The crossover study by DeFronzo et al indicated that there was 

no significant difference in mean fasting plasma glucose (FPG) 
values between 1,000 mg delayed-release metformin once-
daily am and pm groups in 26 patients with T2D, although 
greater decreases in change of FPG were observed following 
once-daily am regimen [14]. On the other hand, once-daily pm 
dosing of DPP-4i vildagliptin decreased FPG in patients with 
T2D, although both am and pm dosings decreased postprandial 
glucose [15]. In this study, there was moderately strong cor-
relation between evening type in chronotype and changes of 
HBGI from AM to PM (r = 0.592). These meanings indicates 
that patients with evening type were recommended at am dos-
ing, but patients with morning type levels were recommend at 
pm dosing. Further examinations including large samples are 
required to clarify these issued in the future.

HDL-C and HBGI

HBGI are common CGM metrics used to quantify the risk of 
hyperglycemia. In this study, HDL-C levels were negatively 
correlated with changes of HBGI from AM to PM. These 
meanings indicate that patients with higher HDL-C levels were 
recommended at pm dosing, but patients with lower HDL-C 
levels were recommend at am dosing. However, the mecha-
nism why HDL-C levels modulate drug response is unclear. 
Kashi et al showed that there was a positive association be-
tween HDL-C levels and glycemic response to metformin in a 
total of 150 patients with T2D [16]. Lower HDL-C levels were 
associated insulin resistance in women with polycystic ovary 
syndrome [17], but the exact mechanism of this relationship is 
still unclear. Metformin have antidiabetic effects through im-

Table 1.  Baseline Demographics and Laboratory Data of Pa-
tients With T2D

Variables Mean (SD)
Age, years 57.2 (11.2)
BMI, kg/m2 26.1 (4.6)
HbA1c, % 8.2 (1.5)
TC, mg/dL 204 (26)
HDL-C, mg/dL 52 (11)
TG, mg/dL 166 (97)
Chronotype, %
  Morning type 36.4
  Intermediate 45.5
  Evening type 18.2
HLS, points (out of 8) 3.8 (1.7)

T2D: type 2 diabetes; BMI: body mass index; HbA1c: hemoglobin A1c; 
TC: total cholesterol; HDL-C: high-density lipoprotein cholesterol; TG: 
triglycerides; HLS: healthy lifestyle score; SD: standard deviation.

Table 2.  Comparison of AM or PM Administration of Drug

Variables
AM group PM group

P value
Baseline Changes Baseline Changes

HbA1c, % 7.9 (1.3) -0.2 (0.4) 8.0 (1.4) -0.5 (0.7) 0.307
GA, % 19.9 (4.8) 0.1 (3.9) 21.9 (5.6) -2.1 (3.0) 0.145
1, 5-AG, % 7.5 (7.5) 1.0 (1.9) 9.3 (7.9) -0.6 (3.9) 0.224
TC, mg/dL 205 (39) -7 (19) 198 (35) 3 (15) 0.219
HDL-C, mg/dL 54 (10) 2 (5) 54 (12) 2 (5) 0.851
TG, mg/dL 148 (78) -33 (74) 145 (82) -8 (87) 0.466
TP, mg/dL 7.3 (0.4) 0.1 (0.3) 7.4 (0.3) -0.1 (0.3) 0.395
Alb, mg/dL 4.3 (0.2) 0.0 (0.1) 4.3 (0.2) 0.1 (0.2) 0.789
BUN, mg/dL 25.7 (28.8) -7.9 (30.3) 16.2 (3.3) 1.3 (3.2) 0.317
SCr, mg/dL 0.7 (0.1) 0.0 (0.0) 0.7 (0.2) -0.0 (0.1) 0.303
UA, mg/dL 5.1 (1.1) 0.1 (1.0) 5.1 (1.4) 0.1 (0.5) 0.960
AST, IU/L 27 (13) 2 (11) 24 (12) 3 (5) 0.794
ALT, IU/L 34 (29) 1 (14) 31 (27) 1 (4) 0.955
GGT, IU/L 37 (28) 0 (6) 38 (22) 1 (7) 0.726
hs-CRP, mg/dL 0.15 (0.22) 0.04 (0.41) 0.12 (0.09) -0.02 (0.14) 0.652

HbA1c: hemoglobin A1c; GA: glycated albumin; 1, 5-AG: 1, 5-anhydroglucitol; TC: total cholesterol; HDL-C: high-density lipoprotein cholesterol; TG: 
triglycerides; TC: total cholesterol; TG: triglycerides; TP: total protein; Alb: albumin; BUN: blood urea nitrogen; SCr: serum creatinine; UA: urinalysis; 
AST: aspartate aminotransferase; ALT: alanine aminotransferase; GGT: γ-glutamyl transferase; hs-CRP: high-sensitivity C-reactive protein.
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proved muscular uptake of glucose and reducing hepatic glu-
coneogenesis, because it primarily regulated AMP-activated 
protein kinase (AMPK)-dependent pathways [18]. HDL might 
modulate glucose metabolism through activation of AMPK-
dependent pathways in skeletal muscle. Thus, lower HDL-C 
levels might affect the insulin sensitivity in the response to 
medication. Further examinations including insulin resistance 

index are required to clarify these issues.

Strength and limitations

The strengths of our study include well-designed study and 
high medication adherence. There were several limitations: the 

Table 3.  Comparison of Glucose Parameters Between Treatment Time (AM vs. PM)

Variables
Treatment time Difference

P value
AM group PM group

Mean 165.7 (48.1) 160.0 (44.1) -5.6 (19.0) 0.778
Standard deviation 43.5 (13.2) 43.6 (10.3) 0.0 (7.2) 0.992
Glucose time, %
  < 54 0.3 (0.9) 0.1 (0.2) -0.2 (0.8) 0.533
  54 - 70 0.3 (0.8) 0.2 (0.4) -0.1 (0.8) 0.773
  70 - 180 66.1 (27.8) 70.6 (25.2) 4.5 (14.1) 0.696
  > 180 33.3 (28.0) 29.1 (25.3) -4.2 (14.3) 0.714
AUC, mg·h/dL
  Total 528,705 (674,078) 351,419 (584,807) -177,285 (395,354) 0.517
  0:00 - 6:00 18,820 (40,621) 15,126 (42,961) -3,694 (6,850) 0.838
  6:00 - 12:00 27,829 (40,755) 23,687 (43,604) -4,142 (16,392) 0.820
  12:00 - 18:00 32,132 (40,347) 28,699 (37,962) -3,433 (29,372) 0.839
  18:00 - 24:00 37,391 (47,698) 23,593 (36,091) -13,798 (27,844) 0.453
HBGI 7.8 (8.8) 7.0 (7.9) -0.8 (3.1) 0.817
LBGI 0.3 (0.4) 0.3 (0.2) 0.0 (0.4) 0.946

AUC: area under curve; L/HBGI: low/high blood glucose indices.

Figure 1. The average glucose levels in AM groups and PM groups.
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small sample size and short experimental period. Furthermore, 
it is unknown which medication affect drug response because 
of the alogliptin benzoate and metformin hydrochloride com-
bination tablets. Further examinations including each study 
with alogliptin or metformin are required to which medication 
affect drug response depend on dosing timing. Therefore, these 
issues might have limited generalizability. Careful attention 
should be paid for interpreting the results, because the smaller 
sample size.

In conclusion, the findings of the current study suggest 
that chronotype and HDL-C levels might modulate drug re-
sponse in patients with T2D.
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