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Abstract: Introduction: Metformin is a cornerstone of glucose-lowering therapy in type 2 diabetes mellitus (T2DM).
Biologic variations in glucose metabolism, as reflected by the hemoglobin glycation index (HGI), may influence the
therapeutic effect of this medication. This study examined the correlation between HGI and efficacy of metformin in
individuals newly diagnosed with T2DM. Method: This observational study enrolled 328 individuals with new onset
T2DM between December 2013 and November 2015. Participants exceeded 21 years of age and had received
metformin for at least 12 months after diagnosis. Individuals who received antidiabetic medications in addition to
metformin were excluded. Efficacy of metformin was compared between equally sized subgroups stratified by base-
line HGI. Result: All participants attained glycemic improvement after metformin therapy, with enhanced efficacy in
individuals with high HGI after adjusting for pretreatment glycemic status. Differences in therapeutic effect between
HGI subgroups were maintained after one year of treatment. Even among people with comparable pretreatment he-
moglobin Alc, the high HGI subgroup also demonstrated better clinical response to metformin therapy. Conclusion:
HGI correlated with efficacy of metformin therapy in individuals with T2DM. Glycemic improvement was enhanced in
participants with high HGI at diagnosis, for whom additional antidiabetic medications may be unnecessary. HGl is a
promising guide for personalized glycemic treatment in individuals with new onset T2DM.
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Introduction

Type 2 diabetes mellitus (T2DM) is a developing
epidemic in Asia that affects a sizable propor-
tion of the adult population [1, 2]. Metformin
has remained a cornerstone of glucose-lower-
ing therapy in T2DM endorsed by both the
American Diabetes Association and Inter-
national Diabetes Federation, which advocate
the use of this medication at diagnosis [3, 4].
Metformin effectively lowered blood glucose
concentration in randomized placebo-con-
trolled studies and demonstrated benefits
beyond its glucose-lowering effect in individu-
als with diabetes [5, 6].

However, metformin is not uniformly effective
among all patients. It enables only a subset of

recipients to attain hemoglobin Alc (HbAlc)
target [7, 8]. This variation in therapeutic effect
may reflect individual differences in glucose
metabolism. Considering the importance of
early treatment to glycemic target and the cost-
effectiveness of metformin [9], a predictor of its
efficacy will streamline treatment decisions in
individuals newly diagnosed with T2DM.

The discrepancy between observed HbAlc and
HbAlc predicted from fasting plasma glucose
(FPG), termed the hemoglobin glycation index
(HGI), reflects biologic variations in glucose
metabolism [10]. This index remains consistent
over time and likely represents an individual's
unique level of glucose homeostasis [11]. Since
metformin alters glucose metabolism by inhibit-
ing hepatic gluconeogenesis [12], an individu-
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Table 1. Demographic characteristics of the hemoglobin glyca-

tion index subgroups

extracted from electronic medi-
cal records. Body mass index

was calculated by dividing the

Low HGI Moderate High HGI P ; e
ggei;):;ars) 8+ 13 6113 6012 0.29 FPG were col'lected.for each pa'r-
ticipant at diagnosis and at six
Female 64(58.7) 61(56.0) 46 (41.8) 0.027 month intervals for up to one
Male 45(41.3) 48(44.0) 64(58.2) year. Metformin dose for each
BMI (kg/m?2) 261+41 26.0+5.0 26.3+4.3 0.907 individual was defined as the
SBP (mm Hg) 132+15.7 131+17.7 133+145 0.734 daily quantity received for the
Creatinine (mg/dL)  0.83 +0.21 0.84+0.25 0.84+0.23 0.83 longest duration in the first year
HDLC (mg/dL) 48+13  47+12  44+10 0.145 of treatment.
LDL-C (mg/dL) 114 +39.5 111+36.5 110+32.0 0.661 Calculation of HGI
TG (mg/dL) 136 +66.5 151 +74.0 140+83.8 0.476
Metformin dose (mg) 1450 + 435 1422 + 420 1540+429 0.1 HbAlc and FPG measurements

Data are expressed as the mean with standard deviation for continuous
variables or number (%) for categorical variables. *: P < 0.05 compared to the
low HGI subgroup. Differences between subgroups are compared by ANOVA or
X2 test. Abbreviations: HGI, hemoglobin glycation index; BMI, body mass index;
SBP, systolic blood pressure; HDL-C, high density lipoprotein cholesterol; LDL-C,
low density lipoprotein cholesterol; TG: triglyceride; HbAlc: hemoglobin Alc.

al’s set-point of glucose homeostasis at diagno-
sis may determine the therapeutic efficacy of
this medication.

This study examined the relationship between
HGI and efficacy of metformin therapy in indi-
viduals with new onset T2DM.

Materials and methods
Study participants

This observational study was conducted at a
medical center in Taiwan. Patients who visited
the endocrinology outpatient department bet-
ween 1%t December 2013 and 30" Novem-
ber 2015 were screened for eligibility. Inclusion
criteria were individuals exceeding 21 years of
age, with new onset T2DM, who had received at
least 12 months of treatment with metformin
after diagnosis. Exclusion criteria involved
patients who received antidiabetic medications
in addition to metformin or who discontinued
metformin within 12 months of treatment.
Individuals with hemoglobin disorders, preg-
nancy, or anemia were also ineligible. The study
was approved by the ethics committee of the
medical center.

Clinical and laboratory measurements

Demographic information including age, sex,
weight, height, lipid profile, creatinine, and
blood pressure at diagnosis of diabetes were
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from all participants were used
to establish a regression equa-
tion describing the linear rela-
tionship between these vari-
ables. Predicted HbA1c was cal-
culated by substituting baseline
FPG into the linear regression
equation. The difference between an individu-
al’'s observed and predicted HbA1c was defined
as HGI [13].

Efficacy of metformin therapy

Individuals were stratified according to base-
line HGI into three subgroups of equal size.
Efficacy of metformin, as indicated by the
reduction in HbAl1c, was compared between
these subgroups after adjusting for pretreat-
ment HbAlc. To further reduce any confound-
ing effect of baseline glycemic status, a sub-
group analysis assessed whether the HGI sub-
groups also correlate with clinical response
when the intergroup difference in pretreatment
HbA1c was negligible. This was done by select-
ing a subpopulation with similar baseline HbA1c
between 6.5% and 7.5%.

Statistical analysis

Demographic data for the HGI subgroups were
compared using analysis of variance (ANOVA)
or x? test. Paired t-test enabled comparison of
an individual's HbAlc at diagnosis and after
receiving metformin therapy. Changes in HbAlc
were compared between HGI subgroups using
ANOVA after adjusting for pretreatment HbA1c.
Calculations were based on a two-sided hypoth-
esis with P < 0.05 interpreted as significant.
Statistical analysis was performed using
Statistical Package for the Social Sciences (ver-
sion 22.0; SPSS, Chicago, IL).
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Table 2. Glycemic improvement in the hemoglobin glycation index subgroups after metformin therapy

Serum HbAlc (%)

Treatment duration (months) I("?:Vlgg)l P value MO& e:in)egl)—lel P value ?ﬁﬁg; P value
0 69+1.4 71+£0.7 9.6+1.8

6 6.4+0.7 <0.001 6.5+0.8 <0.001 6.7+1.0 <0.001
12 6.3+0.7 < 0.001 6.4 £0.7 <0.001 6.7+1.1 < 0.001

Data are expressed as the mean with standard deviation. Changes from baseline HbAlc are compared by paired t-test. Abbre-

viations: HbA1c, glycated hemoglobin Alc; HGI, hemoglobin glycation index.

Table 3. Comparison of therapeutic response between the hemoglo-
bin glycation index subgroups after metformin therapy

Changes in serum HbA1c (%)

. Low HGI Moderate High HGI
Treatment duration (months) (n=109) HGI (=109)  (n=110) P value
6 -06+15 -0.7+1.0° -2.8+2.0"* <0.001
12 -0.7+1.7 -07+1.0° -2.9+2.0"* <0.001

Data are expressed as the mean with standard deviation. *: P < 0.05 compared to the
low HGI subgroup; #: P < 0.05 compared to the moderate HGI subgroup. Differences
between subgroups are compared by ANOVA after adjusting for pretreatment HbAZlc.
Changes in serum HbA1c are calculated relative to baseline data. Abbreviations:
HbA1c, glycated hemoglobin Alc; HGI, hemoglobin glycation index.

Table 4. Comparison of therapeutic response between the hemoglo-
bin glycation index subgroups for participants with similar pretreat-
ment glycemic status

Changes in serum HbA1c (%)

) Low HGI  Moderate High HGI
Treatment duration (months) (n=42)  HGI (n=42) (n=42) P value
6 -0.3+09 -04+1.0° -05+0.7"* <0.001
12 -0.4+08 -05+0.6" -0.5+0.7" <0.001

Data are expressed as the mean with standard deviation. *: P < 0.05 compared to the
low HGI subgroup; *: P < 0.05 compared to the moderate HGI subgroup. Participants
in the subgroup analysis had similar pretreatment HbA1c between 6.5% and 7.5%. Dif-
ferences between subgroups are compared by ANOVA. Changes in serum HbA1c are
calculated relative to baseline data. Abbreviations: HbAlc, glycated hemoglobin Alc;

treatment HbA1c, individu-
als in the high HGI category
experienced better glyce-
mic improvement relative
to other subgroups, as doc-
umented in Table 3. After
six months of therapy, the
mean HbAlc decreased by
2.8%, 0.7%, and 0.6% in
the high, moderate, and
low HGI subgroups, respec-
tively. Participants in the
high HGI subgroup experi-
enced an overall 2.9%
reduction in HbAlc after
receiving metformin for
one year.

In a subpopulation with
comparable baseline HbA-
1c between 6.5% and
7.5%, HGI also correlated
with efficacy of metformin
therapy, as shown in Table
4. After six months of ther-
apy, individuals with high
HGI attained a mean HbA-

HGI, hemoglobin glycation index.

Results

The study enrolled 328 individuals with T2DM
who were stratified according to baseline HGI
into three subgroups of equal size. Demographic
characteristics of the subgroups are presented
in Table 1. Individuals in the high HGI category
were more likely to be men with inadequate gly-
cemic control relative to other subgroups.
Participants in the HGI subgroups received
comparable dose of metformin during the first
year of therapy.

As shown in Table 2, participants demonstrat-
ed substantially reduced HbAlc after receiving
metformin therapy. Even after adjusting for pre-
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1c reduction of 0.5%, which
was better than the glyce-
mic improvement in other
subgroups. After one year, participants in both
moderate and high HGI subgroups demonstrat-
ed better clinical response relative to individu-
als with low HGI.

Discussion

Metformin is an indispensable antidiabetic
medication in T2DM. Apart from its neutral
effect on body weight and minimal risk of hypo-
glycemia, this medication also favorably affects
the cardiovascular system and insulin sensitiv-
ity [14-16]. Metformin is among the most effec-
tive oral antidiabetic drugs and remains the
first-line treatment for individuals with T2DM
[17]. All patients should therefore receive this
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medication at diagnosis in the absence of
contraindications.

HGI is an established measure of glucose
metabolism [18], which correlated with the glu-
cose-lowering effect of metformin in the pres-
ent study. Enhanced glycemic improvement in
the high HGI subgroup may represent altera-
tions in glucose homeostasis as mediated by
metformin [19]. Importantly, HGI also correlat-
ed with clinical response even in individuals
with similar pretreatment HbA1c. This observa-
tion suggests that HGI can influence clinical
response independently from baseline HbAlc.

In the context of this study, people with high
HGI will more frequently attain glycemic target
with metformin monotherapy, whereas individ-
uals with low HGI may require multiple antidia-
betic agents due to their attenuated response
to metformin alone. Decision making based on
HGI can prevent overuse of second-line antidia-
betic medications in the high HGI subgroup and
enable early treatment to target with combina-
tion glucose-lowering agents in the low HGI
category.

HGl is an expedient indicator of glucose homeo-
stasis in clinical practice. This index can be
obtained without performing additional labora-
tory tests other than FPG and HbA1c. A linear
regression equation for predicting HbAlc from
FPG will need to be established beforehand
using a reference population. Unlike HbAlc
measurement, which is influenced by non-gly-
cemic factors such as oxidative stress [20], HGI
demonstrates minimal variability within an indi-
vidual [21]. The observation in this study that
HGI correlated with therapeutic response inde-
pendently from baseline HbAlc suggests that
HGI can provide additional information to
clinicians.

This study enrolled individuals who received
metformin exclusively after diagnosis of T2DM,
which precluded the confounding effects of
multiple antidiabetic agents. By excluding indi-
viduals with known hemoglobin disorders, the
impact of these conditions on HbAlc measure-
ment was diminished. To demonstrate that HGI
correlates with clinical response regardless of
initial glycemic status, further analysis was per-
formed in a subpopulation with minimal inter-
group difference in pretreatment HbAlc
between the HGI subgroups. Enrolled partici-
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pants were monitored at the same medical
center to minimize potential discrepancy in
laboratory assays.

Several limitations may arise from the study
design. Adherence to therapy certainly influ-
enced glycemic control, and factors that pre-
cipitate hyperglycemia such as infection could
not be ascertained. Since HGI is derived from
HbAlc measurement, investigators have sug-
gested that this index cannot be truly indepen-
dent from HbA1c [22]. Nonetheless, since HGI
is largely independent of non-glycemic factors
such as oxidative stress, it may be a more reli-
able indicator of glucose metabolism than
HbAlc.

In conclusion, HGI correlated with efficacy of
metformin therapy in individuals with new
onset T2DM. Individuals with high HGI at diag-
nosis experienced better glycemic improve-
ment relative to participants in other sub-
groups. Moreover, the HGI subgroups also cor-
related with clinical response even with mini-
mal intergroup difference in pretreatment
HbAlc. Overall, HGI is a promising guide for
tailoring glucose-lowering therapy in individuals
newly diagnosed with T2DM.

Disclosure of conflict of interest
None.

Address correspondence to: Dr. Po-Chung Cheng,
Division of Endocrinology, Department of Internal
Medicine, Changhua Christian Hospital, 135 Nan-
xiao Street, Changhua, Changhua County, Taiwan.
Tel: +88647238595; Fax: +88647234942; E-mail:
180459@cch.org.tw

References

[1] Hu D, Sun L, Fu P, Xie J, Lu J, Zhou J, Yu D,
Whelton PK, He J and Gu D. Prevalence and
risk factors for type 2 diabetes mellitus in the
Chinese adult population: the InterASIA Study.
Diabetes Res Clin Pract 2009; 84: 288-295.

[2] YangW, LuJ, Weng J, Jia W, Ji L, Xiao J, Shan Z,
Liu J, Tian H, Ji Q, Zhu D, Ge J, Lin L, Chen L,
Guo X, Zhao Z, Li Q, Zhou Z, Shan G and He J.
Prevalence of diabetes among men and wom-
en in China. N Engl J Med 2010; 362: 1090-
1101.

[3] Inzucchi SE, Bergenstal RM, Buse JB, Diamant
M, Ferrannini E, Nauck M, Peters AL, Tsapas A,
Wender R and Matthews DR. Management of
hyperglycemia in type 2 diabetes: a patient-

Int J Clin Exp Med 2017;10(2):3742-3746


mailto:180459@cch.org.tw

(4]

(5]

(6]

(7]

(8]

(9]

[10]

[11]

[12]

3746

HGI and efficacy of metformin

centered approach: position statement of the
American Diabetes Association (ADA) and the
European Association for the Study of Diabetes
(EASD). Diabetes Care 2012; 35: 1364-1379.
Andujar-Plata P, Pi-Sunyer X and Laferrére B.
Metformin effects revisited. Diabetes Res Clin
Pract 2012; 95: 1-9.

Fung CS, Wan EY, Wong CK, Jiao F and Chan
AK. Effect of metformin monotherapy on car-
diovascular diseases and mortality: a retro-
spective cohort study on Chinese type 2 diabe-
tes mellitus patients. Cardiovasc Diabetol
2015; 14: 137.

King P, Peacock | and Donnelly R. The UK
Prospective Diabetes Study (UKPDS): clinical
and therapeutic implications for type 2 diabe-
tes. Br J Clin Pharmacol 1999; 48: 643-648.
Nichols GA, Alexander CM, Girman CJ, Kamal-
Bahl SJ and Brown JB. Treatment escalation
and rise in HbAlc following successful initial
metformin therapy. Diabetes Care 2006; 29:
504-509.

Kahn SE, Haffner SM, Heise MA, Herman WH,
Holman RR, Jones NP, Kravitz BG, Lachin JM,
O’Neill MC, Zinman B and Viberti G. Glycemic
durability of rosiglitazone, metformin, or gly-
buride monotherapy. N Engl J Med 2006; 355:
2427-2443.

United Kingdom Prospective Diabetes Study
(UKPDS) Group. Effect of intensive blood-glu-
cose control with metformin on complications
in overweight patients with type 2 diabetes
(UKPDS 34). Lancet 1998; 352: 854-865.
Hempe JM, Liu S, Myers L, McCarter RJ, Buse
JB and Fonseca V. The hemoglobin glycation
index identifies subpopulations with harms or
benefits from intensive treatment in the
ACCORD trial. Diabetes Care 2015; 38: 1067-
1074.

Nayak AU, Holland MR, Macdonald DR, Nevill A
and Singh BM. Evidence for consistency of the
glycation gap in diabetes. Diabetes Care 2011;
34: 1712-1716.

Pernicova | and Korbonits M. Metformin-mode
of action and clinical implications for diabetes
and cancer. Nat Rev Endocrinol 2014; 10:
143-156.

(13]

(14]

(15]

(16]

[17]

[19]

[20]

[21]

[22]

McCarter RJ, Hempe JM, Gomez R and Chalew
SA. Biological variation in HbA1c predicts risk
of retinopathy and nephropathy in type 1 dia-
betes. Diabetes Care 2004; 27: 1259-1264.
Wright AD, Cull CA, Macleod KM and Holman
RR. Hypoglycemia in type 2 diabetic patients
randomized to and maintained on monothera-
py with diet, sulfonylurea, metformin, or insulin
for 6 years from diagnosis: UKPDS73. J
Diabetes Complications 2006; 20: 395-401.
Ye Y, Perez-Polo JR, Aguilar D and Birnbaum Y.
The potential effects of anti-diabetic medica-
tions on myocardial ischemia-reperfusion inju-
ry. Basic Res Cardiol 2011; 106: 925-952.
Gunton JE, Delhanty PJ, Takahashi S and
Baxter RC. Metformin rapidly increases insulin
receptor activation in human liver and signals
preferentially through insulin-receptor sub-
strate-2. J Clin Endocrinol Metab 2003; 88:
1323-1332.

Clarke P, Gray A, Adler A, Stevens R, Raikou M,
Cull C, Stratton | and Holman R. Cost-
effectiveness analysis of intensive blood-glu-
cose control with metformin in overweight pa-
tients with type Il diabetes (UKPDS No. 51).
Diabetologia 2001; 44: 298-304.

Chalew SA, McCarter RJ, Thomas J, Thomson
JL and Hempe JM. A comparison of the glyco-
sylation gap and hemoglobin glycation index in
patients with diabetes. J Diabetes Compli-
cations 2005; 19: 218-222.

Hansen M, Palsge MK, Helge JW and Dela F.
The effect of metformin on glucose homeosta-
sis during moderate exercise. Diabetes Care
2015; 38: 293-301.

Hare MJ, Shaw JE and Zimmet PZ. Current con-
troversies in the use of haemoglobin Alc. J
Intern Med 2012; 271: 227-236.

Cohen RM, Holmes YR, Chenier TC and Joiner
CH. Discordance between HbA1c and fructos-
amine: evidence for a glycosylation gap and its
relation to diabetic nephropathy. Diabetes
Care 2003; 26: 163-167.

Sacks DB, Nathan DM and Lachin JM. Gaps in
the glycation gap hypothesis. Clin Chem 2011;
57: 150-152.

Int J Clin Exp Med 2017;10(2):3742-3746



