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Abstract. We had aimed to determine whether homeostasis model assessment–insulin resistance (HOMA-IR) reflects insulin
resistance-sensitivity during treatment with a sodium-glucose cotransporter 2 inhibitor (SGLT2i). Hyperinsulinemic-
euglycemic clamp analysis was performed in 22 patients with type 2 diabetic patients taking dapagliflozin (5 mg/day before or
after breakfast). Propensity score matching of these individuals (SGLT2i group) for age, sex, body mass index, and clamp-
derived tissue glucose uptake rate with 44 type 2 diabetic patients who had undergone clamp analysis without SGLT2i
treatment (control group) identified 17 paired subjects in each group for further analysis of the relation between HOMA-IR
and a clamp-derived insulin sensitivity index (ISI). Natural log–transformed HOMA-IR was negatively correlated with ISI in
both SGLT2i (r = –0.527, p = 0.030) and control (r = –0.534, p = 0.027) groups. The simple regression lines for log-
transformed HOMA-IR and ISI in the two groups showed similar slopes but differed in their intercepts. Multivariate analysis
revealed that HOMA-IR for patients with the same ISI in the two groups was related by the formula: HOMA-IRcontrol =
HOMA-IRSGLT2i × 2.45. In conclusion, HOMA-IR was well correlated with ISI during SGLT2i treatment, but values
corresponding to the same ISI were lower in the SGLT2i group than in the control group.

Key words: Homeostasis model assessment–insulin resistance (HOMA-IR), Sodium-glucose cotransporter 2 (SGLT2)
inhibitor, Hyperinsulinemic-euglycemic clamp, Insulin sensitivity, Insulin resistance

HOMEOSTASIS MODEL ASSESSMENT–INSULIN
RESISTANCE (HOMA-IR), which is calculated from
circulating glucose and insulin concentrations after fast‐
ing, has been shown to reflect well insulin resistance or
sensitivity determined by hyperinsulinemic-euglycemic
clamp analysis, a gold standard for assessment of insulin
resistance-sensitivity [1-3]. Although updated HOMA
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models such as homeostasis model assessment of insulin
sensitivity (HOMA2-%S) [4] and interactive 24-variable
homeostasis model of assessment (iHOMA2) have been
developed [5], they require complex calculations for
their determination. HOMA-IR is thus still applied for
the evaluation of insulin resistance-sensitivity in a wide
range of settings [6-11].

Sodium-glucose cotransporter 2 (SGLT2) inhibitors
administered as hypoglycemic agents have been found to
have various additional beneficial clinical effects, includ‐
ing prevention of cardiovascular events and the preserva‐
tion of renal function [12-16]. SGLT2 inhibitors exert
their hypoglycemic effect primarily by promoting uri‐
nary glucose excretion, but they appear to trigger a vari‐



ety of secondary effects on hormonal or metabolic status.
These latter effects include elevation of the circulating
level of glucagon [17, 18] and an increase in hepatic glu‐
cose output [17-19] as well as stimulation of lipolysis
and a consequent increase in circulating levels of nones‐
terified fatty acids [18, 20-22]. Given that such hormonal
and metabolic changes might affect insulin resistance-
sensitivity, it has remained unknown whether HOMA-IR
accurately reflects insulin resistance-sensitivity in indi‐
viduals treated with SGLT2 inhibitors. We therefore
investigated whether HOMA-IR indeed reflects insulin
resistance-sensitivity as determined by hyperinsulinemic-
euglycemic clamp analysis in patients undergoing treat‐
ment with an SGLT2 inhibitor.

Materials and Methods

Subjects
Twenty-two subjects (SGLT2 inhibitor group) were

recruited from type 2 diabetes patients attending Kobe
University Hospital between September 2017 and
August 2018. These subjects were selected from individ‐
uals aged 20 to 75 years who had been treated with the
same antidiabetic, antihypertensive, or lipid-lowering
medications for >3 months, had a controlled fasting
blood glucose level of <140 mg/dL, and were judged by
their attending physician to require treatment with dapa‐
gliflozin. Exclusion criteria included: (1) previous treat‐
ment with dapagliflozin or other SGLT2 inhibitors, (2) a
diagnosis of type 1 diabetes (including slowly progres‐
sive type 1 diabetes) or other types of diabetes, (3) actual
or possible pregnancy or breastfeeding, (4) the presence
of antibodies to insulin that might influence variability of
plasma glucose levels, (5) participation in other clinical
studies, (6) severe liver dysfunction (serum aspartate
aminotransferase or alanine aminotransferase level of
≥2 times the normal upper limit), (7) renal dysfunction
(estimated glomerular filtration rate of <50 mL min–1

1.73 m–2), (8) severe cardiac dysfunction (New York
Heart Association classification stage of >II), (9) treat‐
ment with pioglitazone, long-acting insulin, a long-acting
glucagon-like peptide–1 receptor agonist, or a once-
weekly dipeptidyl peptidase–4 inhibitor, (10) allergy to
insulin, (11) frequently recurring severe hypoglycemia or
hospitalization due to serious hypoglycemia or diabetic
ketoacidosis within the previous year, (12) a psychiatric
disorder, (13) contraindication for dapagliflozin, (14)
treatment with other medications that affect glucose
metabolism (such as beta-blockers, corticosteroids, or
monoamine oxidase inhibitors), and (15) a judgment of
ineligibility to participate by researchers for any other
reason.

Forty-four type 2 diabetic patients who did not fulfill

any of the above exclusion criteria and had undergone
hyperinsulinemic-euglycemic clamp analysis at Kobe
University Hospital between October 2008 and April
2018 were selected as controls. The 22 patients in the
SGLT2 inhibitor group and 44 patients in the control
group were matched for age, sex, body mass index, and
tissue glucose uptake rate (TGUR) on the basis of the
logit of the propensity score with the use of the nearest-
neighbor matching method without replacement at a cali‐
per width of SD × 0.3.

This study was conducted in accordance with the
Declaration of Helsinki and its amendments and was
approved by the Ethics Committee of Kobe University
Hospital (approval number 180155). All participants pro‐
vided written informed consent.

Glucose clamp analysis
For patients in the SGLT2 inhibitor group, a

hyperinsulinemic-euglycemic clamp was performed
within 6 days after the start of dapagliflozin treatment
(5 mg/day before or after breakfast) with the use of an
artificial endocrine pancreas (STG-22 or -55; Nikkiso,
Shizuoka, Japan). All antidiabetic medications with the
exception of dapagliflozin were withheld on the morning
of the analysis. Details of the clamp technique were
described previously [23, 24]. In brief, regular insulin
was administered continuously by intravenous infusion
at a rate of 40 mU/m2/min to ensure a plasma insulin
concentration of 100 μU/mL. To correct for the influence
of urinary glucose excretion, we applied a modification
of DeFronzo’s method [17]: Subjects in the SGLT2
inhibitor group were thus instructed to void before and
soon after the glucose clamp, and urinary glucose excre‐
tion was then calculated from the volume and glucose
concentration of the second voided urine sample. The
urinary glucose excretion rate was obtained by dividing
urinary glucose excretion by the duration of the clamp
(120 min). TGUR was calculated by subtraction of the
urinary glucose excretion rate from the mean glucose
infusion rate (GIR, mg/kg/min) during the final 30 min
of the glucose clamp [17]. An index of insulin sensitivity
(ISI) derived from the hyperinsulinemic-euglycemic
clamp analysis was obtained by dividing TGUR by both
the plasma glucose (mg/dL) and serum insulin (μU/mL)
levels at the end of the clamp and then multiplying the
resulting value by 100. In the case of the control group,
given that urinary glucose excretion was negligible and
that GIR could thus be considered to be equal to TGUR
during the clamp, ISI was calculated by dividing the
mean GIR during the final 30 min of the clamp by both
plasma glucose and serum insulin levels at the end of the
clamp.
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Metabolic parameters
HOMA-IR was calculated from a blood sample

obtained on the day of the glucose clamp in both the
SGLT2 inhibitor and control groups according to the for‐
mula: [fasting plasma glucose level (mg/dL) × fasting
serum insulin level (μU/mL)]/405. Plasma glucose con‐
centration was determined by the glucose oxidase
method, and serum insulin level by a double-antibody
radioimmunoassay. Data for age, sex, body mass index,
diabetes duration, glycated hemoglobin (HbA1c) level,
and medications were collected from medical records.
Japan Diabetes Society (JDS) values for HbA1c were
converted to National Glycohemoglobin Standardization
Program (NGSP) values [25].

Statistical analysis
Results are presented as means ± SD for normally dis‐

tributed data and as the median (interquartile range) for
nonnormally distributed data. Intergroup differences of
normally or nonnormally distributed data were tested for
significance with the unpaired Student’s t test or Mann-
Whitney U test, respectively. In the case of categorical
data, the chi-square test or Fisher’s exact test was
applied. Simple linear regression analysis was adopted to
assess the relation between HOMA-IR and ISI. Differen‐
ces in regression lines between the SGLT2 inhibitor and
control groups were assessed by analysis of covariance.
Multiple regression analysis was applied to build an esti‐
mated ISI formula appropriate for both SGLT2 inhibitor
and control groups. A p value of <0.05 was considered
statistically significant, and all statistical analysis was
performed with SPSS ver. 22.0 software (IBM, Armonk,
NY).

Results

Propensity score matching identified 17 pairs of
patients from the 22 patients in the SGLT2 inhibitor
group and 44 patients in the control group. There were
no significant differences in diabetes duration, fasting
plasma glucose or serum insulin concentrations, or
HbA1c level between the two groups (Table 1). With
respect to medications, however, there was a significant
difference in the number of patients treated with sulfo‐
nylureas between the SGLT2 inhibitor group and the
control group (0% and 29.4%, respectively, p = 0.044)
(Table 2). The parameters in the clamp analysis were
shown in Table 3. GIR, TGUR, and serum insulin level
at steady state were not different in both groups, whereas
plasma glucose level of steady state was lower in control
group than that in SGLT2 inhibitor group.

A scatter plot revealed a hyperbola-like relation
between HOMA-IR and ISI in both the SGLT2 inhibitor
and control groups (Fig. 1A). We applied a natural loga‐
rithmic transformation to the data for HOMA-IR, which
were nonnormally distributed. A significant linear rela‐
tion was apparent between log-transformed HOMA-IR
and ISI in both the SGLT2 inhibitor group (r = –0.527, p
= 0.030) and the control group (r = –0.534, p = 0.027).
These results suggested that HOMA-IR is correlated
with ISI in individuals undergoing treatment with an
SGLT2 inhibitor as well as in those not receiving such
treatment. Simple regression analysis showed that the
formulas relating log-transformed HOMA-IR to ISI were
as follows: y = (–1.52 × 10–4)x + (4.50 × 10–4), where y is
ISI and x is log-transformed HOMA-IR, in the SGLT2
inhibitor group (p = 0.030, R2 = 0.277), and y = (–1.92 ×
10–4)x + (6.15 × 10–4) in the control group (p = 0.027, R2

= 0.286) (Fig. 1B). The slopes of the linear regression
lines did not significantly differ between the two groups

Table 1 Clinical characteristics of the paired study participants

Characteristic SGLT2 inhibitor group
(n = 17)

Control group
(n = 17) p

Age (years) 57.9 ± 9.6 58.0 ± 14.2 0.978

Sex (male/female) 13/4 9/8 0.151

Body mass index (kg/m2) 25.0 ± 2.5 25.1 ± 4.6 0.812

Diabetes duration (years) 7.0 (0.0–16.5) 6.0 (2.5–13.0) 0.919

Fasting plasma glucose (mg/dL) 98.7 ± 17.6 102.8 ± 19.7 0.525

Fasting serum insulin (μU/mL) 4.0 (3.5–5.8) 6.0 (4.0–8.0) 0.114

HbA1c level (%) 8.2 ± 1.6 8.7 ± 1.8 0.472

Data are presented as means ± SD for normally distributed data, medians (25%–75% range) for
nonnormally distributed data, or n values for categorical data. The p values are for comparison
between the SGLT2 inhibitor and control groups. Abbreviations: SGLT2, sodium-glucose
cotransporter 2; HbA1c, glycated hemoglobin.
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(p = 0.716), but the intercepts differed significantly (p =
0.002), indicating that HOMA-IR values corresponding
to the same ISI were lower in patients treated with the
SGLT2 inhibitor than in those not receiving this medica‐
tion.

To obtain a regression formula for prediction of ISI in
both the SGLT2 inhibitor group and the control group,
we applied multiple regression analysis in which the
absence or presence of SGLT2 inhibitor treatment was
considered an independent variable together with log-
transformed HOMA-IR. The resulting formula was as
follows: y = (6.10 × 10–4) – (1.78 × 10–4)x – (1.59 × 10–4)z,
where y is ISI, x is log-transformed HOMA-IR, and z is 1
in the SGLT2 inhibitor group and 0 in the control group
(p = 0.018, R2 = 0.327). In addition, multivariate analysis

yielded a formula for comparison of HOMA-IR between
patients with the same ISI in the SGLT2 inhibitor
(SGLT2i) and control groups: HOMA-IRcontrol = HOMA-
IRSGLT-2i × 2.45.

Discussion

Whereas SGLT2 inhibitors reduce blood glucose lev‐
els by promoting urinary glucose output, these drugs also
appear to induce various humoral and metabolic changes
that may affect insulin resistance-sensitivity [17-22]. We
therefore investigated whether HOMA-IR, a widely
adopted marker for insulin resistance-sensitivity, actually
reflects this parameter during treatment with an SGLT2
inhibitor.

Table 2 Medications for the paired study participants

Medication SGLT2 inhibitor group
(n = 17)

Control group
(n = 17) p

Antidiabetic
 Sulfonylurea 0 (0.0) 5 (29.4) 0.044
 Glinide 2 (11.8) 1 (5.9) 1.000
 Biguanide 16 (94.1) 16 (94.1) 1.000
 DPP-4 inhibitor 10 (58.8) 11 (64.7) 0.724
 α-Glucosidase inhibitor 4 (23.5) 4 (23.5) 1.000
 Short-acting insulin 0 (0.0) 4 (23.5) 0.103

Antihypertensive
 Ca2+ channel blocker 4 (23.5) 5 (29.4) 1.000
 ACE-I or ARB 7 (41.2) 9 (52.9) 0.492
 Diuretic 1 (5.9) 1 (5.9) 1.000

Lipid-lowering
 Statin 5 (29.4) 8 (47.1) 0.481
 Fibrate 1 (5.9) 1 (5.9) 1.000
 Ezetimibe 1 (5.9) 1 (5.9) 1.000

Data are presented as n (%). Abbreviations: SGLT2, sodium-glucose cotransporter 2; DPP-4,
dipeptidyl peptidase-4; ACE-I, angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor
blocker.

Table 3 Parameters in clamp analysis

Characteristic SGLT2 inhibitor group
(n = 17)

Control group
(n = 17) p

GIR (mg/kg/min) 5.30 ± 1.38 4.74 ± 1.32 0.238

UGER (mg/kg/min) 1.19 ± 0.46 NA NA

TGUR (mg/kg/min) 4.54 ± 1.38 4.74 ± 1.32 0.671

Plasma glucose at steady state (mg/dL) 91.6 ± 7.10 81.8 ± 14.8 0.022

Serum insulin at steady state (μU/mL) 114.6 ± 18.0 122.9 ± 25.0 0.272

Data are presented as means ± SD for normally distributed data, medians (25%–75% range) for
nonnormally distributed data. The p values are for comparison between the SGLT2 inhibitor and
control groups. Abbreviations: SGLT2, sodium-glucose cotransporter 2; GIR, glucose infusion rate;
UGER, urinary glucose excretion rate; TGUR, tissue glucose uptake rate; NA, not available.
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We found that the correlation between HOMA-IR and
clamp-derived ISI was well conserved in the SGLT2
inhibitor group compared with the control group, indicat‐
ing that HOMA-IR is a suitable marker of insulin
resistance-sensitivity in individuals treated with SGLT2
inhibitors. However, the absolute value of HOMA-IR
corresponding to the same ISI was smaller in the SGLT2
inhibitor group than in the control group. The relation
between HOMA-IR values in the two groups was
expressed by the formula: HOMA-IRcontrol = HOMA-
IRSGLT2i × 2.45. As far as we are aware, our study is the
first to characterize the relation between HOMA-IR and
clamp-derived ISI in patients treated with an SGLT2
inhibitor.

Log-transformed HOMA-IR was previously shown to
be well correlated with a clamp-derived insulin sensitiv‐
ity index in subjects treated with sulfonylureas and in
those treated with diet modification alone, with both the
slopes and intercepts in regression analysis being similar
between the two groups [26], indicating that the value of
HOMA-IR should theoretically be the same for individu‐
als with the same ISI regardless of whether they are
receiving treatment with sulfonylureas or not. We have
now found that, whereas the slopes were similar, the
intercept of regression analysis for log-transformed
HOMA-IR and ISI was smaller for patients in the SGLT2
inhibitor group than for those in the control group, indi‐
cating that the value of HOMA-IR corresponding to the
same ISI is smaller if patients are treated with an SGLT2
inhibitor. Given that SGLT2 inhibitors promote the
excretion of glucose from blood to urine, a smaller
amount of circulating insulin is likely required to main‐
tain glycemia at a certain level in patients receiving than
in those not receiving such drugs if they possess the

same level of insulin sensitivity, with the result that
HOMA-IR is smaller in the former individuals. Given
that hyperinsulinemia is associated with an increased risk
of various conditions [27-29], such a smaller insulin
requirement for maintenance of glycemia may be related
to the beneficial clinical features of SGLT2 inhibitors.

The number of subjects treated with sulfonylureas in
the present study differed between the SGLT2 inhibitor
and control groups. However, sulfonylureas did not
affect the relation between HOMA-IR and insulin sensi‐
tivity determined by clamp analysis [26], so this differ‐
ence is likely to have had little effect on our results.
Given that urinary glucose excretion is usually negligible
during euglycemia, TGUR is effectively equal to GIR
during hyperinsulinemic-euglycemic clamp analysis.
However, GIR does not reflect TGUR in individuals
treated with SGLT2 inhibitors, given that these drugs
increase urinary glucose excretion even during the eugly‐
cemic condition [30]. We therefore measured urinary
glucose excretion and calculated ISI with the use of
TGUR (GIR adjusted for urinary glucose excretion) in
subjects of the SGLT2 inhibitor group.

Limitations of the present study include its one-arm
design. In addition, we did not evaluate HOMA-IR and
ISI in the same patients before and after treatment with
an SGLT2 inhibitor, but instead used a different cohort as
a control for SGLT2 inhibitor treatment. However, we
did perform propensity score matching in order to mini‐
mize deviation due to differences between the two
groups. The number of subjects in the present study is
also relatively small, with the result that a study with a
larger number of subjects will be required to confirm our
findings.

In conclusion, we found that, whereas HOMA-IR is

Fig. 1  Relation between HOMA-IR and ISI in 17 pairs of type 2 diabetic subjects in the SGLT2 inhibitor and control groups
ISI was plotted against HOMA-IR (A) or natural log–transformed HOMA-IR (B) for both the SGLT2 inhibitor and control groups.
Regression lines are shown (solid line, SGLT2 inhibitor group; dotted line, control group).
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well correlated with ISI in patients treated with an
SGLT2 inhibitor, its absolute value corresponding to the
same ISI is smaller in these individuals than in those not
receiving such treatment. Health care providers as well
as clinical investigators should thus keep this difference
in mind when they measure and analyze HOMA-IR in
patients treated with SGLT2 inhibitors. The simple trans‐
formation formula, HOMA-IRcontrol = HOMA-IRSGLT2i ×
2.45, should prove helpful for interpretation of HOMA-
IR values in patients treated with an SGLT2 inhibitor.

Acknowledgments

We thank all the participants of this study, study inves‐
tigators, and hospital staff for their contributions. This
study did not receive any specific grant from funding
agencies in the public, commercial, or not-for-profit
sectors.

Disclosure

Author contributions
AS, KS, YO and WO conceived and designed the

study. AS, YM, TY, HM, NO-S, HK and YH contributed
to the collection of date. AS, KS and YT analysed and
interpreted the date. AS, KS and YT wrote the paper.
WO contributed to the writing of the manuscript. All
authors contributed to discussion, reviewed the manu‐
script critically for important intellectual contact and
approved the final version to be published. KS is respon‐
sible for the integrity of the work as a whole.

Conflicts of interest
KS has received research support from AstraZeneca

and Ono Pharmaceutical Co. Ltd. All other authors
declare no potential conflicts of interest.

References

1. Turner RC, Holman RR, Matthews D, Hockaday TD, Peto
J (1979) Insulin deficiency and insulin resistance interac‐
tion in diabetes: estimation of their relative contribution
by feedback analysis from basal plasma insulin and glu‐
cose concentrations. Metabolism 28: 1086–1096.

2. Bonora E, Targher G, Alberiche M, Bonadonna RC,
Saggiani F, et al. (2000) Homeostasis model assessment
closely mirrors the glucose clamp technique in the assess‐
ment of insulin sensitivity: studies in subjects with various
degrees of glucose tolerance and insulin sensitivity. Dia‐
betes Care 23: 57–63.

3. Hosker JP, Matthews DR, Rudenski AS, Burnett MA,
Darling P, et al. (1985) Continuous infusion of glucose
with model assessment: measurement of insulin resistance
and beta-cell function in man. Diabetologia 28: 401–411.

4. Levy JC, Matthews DR, Hermans MP (1998) Correct
homeostasis model assessment (HOMA) evaluation uses
the computer program. Diabetes Care 21: 2191–2192.

5. Hill NR, Levy JC, Matthews DR (2013) Expansion of the
homeostasis model assessment of β-cell function and insu‐
lin resistance to enable clinical trial outcome modeling
through the interactive adjustment of physiology and treat‐
ment effects: iHOMA2. Diabetes Care 36: 2324–2330.

6. Wallace TM, Levy JC, Matthews DR (2004) Use and
abuse of HOMA modeling. Diabetes Care 27: 1487–1495.

7. Kernan WN, Viscoli CM, Furie KL, Young LH, Inzucchi
SE, et al. (2016) Pioglitazone after ischemic stroke or
transient ischemic attack. N Engl J Med 374: 1321–1331.

8. Nakamura K, Sakurai M, Miura K, Morikawa Y, Ishizaki
M, et al. (2010) Homeostasis model assessment of insulin
resistance and the risk of cardiovascular events in middle-
aged non-diabetic Japanese men. Diabetologia 53: 1894–
1902.

9. Sorrentino P, Terracciano L, D’Angelo S, Ferbo U,
Bracigliano A, et al. (2010) Predicting fibrosis worsening
in obese patients with NASH through parenchymal fibro‐
nectin, HOMA-IR, and hypertension. Am J Gastroenterol
105: 336–344.

10. Willette AA, Xu G, Johnson SC, Birdsill AC, Jonaitis EM,
et al. (2013) Insulin resistance, brain atrophy, and cogni‐
tive performance in late middle-aged adults. Diabetes
Care 36: 443–449.

11. Meigs JB, Larson MG, Fox CS, Keaney JF Jr, Vasan RS,
et al. (2007) Association of oxidative stress, insulin resist‐
ance, and diabetes risk phenotypes: the Framingham Off‐
spring Study. Diabetes Care 30: 2529–2535.

12. Zinman B, Wanner C, Lachin JM, Fitchett D, Bluhmki E,
et al. (2015) Empagliflozin, cardiovascular outcomes, and
mortality in type 2 diabetes. N Engl J Med 373: 2117–
2128.

13. Neal B, Perkovic V, Mahaffey KW, de Zeeuw D, Fulcher
G, et al. (2017) Canagliflozin and cardiovascular and renal
events in type 2 diabetes. N Engl J Med 377: 644–657.

14. Wiviott SD, Raz I, Bonaca MP, Mosenzon O, Kato ET, et
al. (2019) Dapagliflozin and cardiovascular outcomes in
type 2 diabetes. N Engl J Med 380: 347–357.

15. Perkovic V, Jardine MJ, Neal B, Bompoint S, Heerspink
HJL, et al. (2019) Canagliflozin and renal outcomes in
type 2 diabetes and nephropathy. N Engl J Med 80: 2295–
2306.

16. Zelniker TA, Wiviott SD, Raz I, Im K, Goodrich EL, et al.
(2019) SGLT2 inhibitors for primary and secondary pre‐
vention of cardiovascular and renal outcomes in type 2
diabetes: a systematic review and meta-analysis of cardio‐
vascular outcome trials. Lancet 393: 31–39.

17. Merovci A, Solis-Herrera C, Daniele G, Eldor R,

506 So et al.



Fiorentino TV, et al. (2014) Dapagliflozin improves mus‐
cle insulin sensitivity but enhances endogenous glucose
production. J Clin Invest 124: 509–514.

18. Ferrannini E, Muscelli E, Frascerra S, Baldi S, Mari A, et
al. (2014) Metabolic response to sodium-glucose cotrans‐
porter 2 inhibition in type 2 diabetic patients. J Clin Invest
124: 499–508.

19. Nagata T, Fukazawa M, Honda K, Yata T, Kawai M, et al.
(2013) Selective SGLT2 inhibition by tofogliflozin
reduces renal glucose reabsorption under hyperglycemic
but not under hypo- or euglycemic conditions in rats. Am J
Physiol Endocrinol Metab 304: E414–E423.

20. Obata A, Kubota N, Kubota T, Iwamoto M, Sato H, et al.
(2016) Tofogliflozin improves insulin resistance in skele‐
tal muscle and accelerates lipolysis in adipose tissue in
male mice. Endocrinology 157: 1029–1042.

21. Osonoi T, Nakamoto S, Saito M, Tamasawa A, Ishida H,
et al. (2018) Efficacy of ipragliflozin as monotherapy or
as add-on therapy with other oral antidiabetic medications
for treating type 2 diabetes in Japanese patients with inad‐
equate glycemic control: a subgroup analysis based on
patient characteristics. J Diabetes Investig 9: 341–353.

22. Komiya C, Tsuchiya K, Shiba K, Miyachi Y, Furuke S, et
al. (2016) Ipragliflozin improves hepatic steatosis in obese
mice and liver dysfunction in type 2 diabetic patients
irrespective of body weight reduction. PLoS One 11:
e0151511.

23. DeFronzo RA, Tobin JD, Andres R (1979) Glucose clamp
technique: a method for quantifying insulin secretion and
resistance. Am J Physiol 237: E214–E223.

24. Okuno Y, Komada H, Sakaguchi K, Nakamura T,
Hashimoto N, et al. (2013) Postprandial serum C-peptide
to plasma glucose concentration ratio correlates with oral
glucose tolerance test- and glucose clamp-based disposi‐
tion indexes. Metabolism 62: 1470–1476.

25. Kashiwagi A, Kasuga M, Araki E, Oka Y, Hanafusa T, et
al. (2012) International clinical harmonization of glycated
hemoglobin in Japan: from Japan Diabetes Society to
National Glycohemoglobin Standardization Program val‐
ues. J Diabetes Investig 3: 39–40.

26. Emoto M, Nishizawa Y, Maekawa K, Hiura Y, Kanda H,
et al. (1999) Homeostasis model assessment as a clinical
index of insulin resistance in type 2 diabetic patients trea‐
ted with sulfonylureas. Diabetes Care 22: 818–822.

27. Sha S, Devineni D, Ghosh A, Polidori D, Chien S, et al.
(2011) Canagliflozin, a novel inhibitor of sodium glucose
co-transporter 2, dose dependently reduces calculated
renal threshold for glucose excretion and increases urinary
glucose excretion in healthy subjects. Diabetes Obes
Metab 13: 669–672.

28. Jia G, DeMarco VG, Sowers JR (2016) Insulin resistance
and hyperinsulinaemia in diabetic cardiomyopathy. Nat
Rev Endocrinol 12: 144–153.

29. Tsujimoto T, Kajio H, Sugiyama T (2017) Association
between hyperinsulinemia and increased risk of cancer
death in nonobese and obese people: a population-based
observational study. Int J Cancer 141: 102–111.

30. Rocha VZ, Libby P (2009) Obesity, inflammation, and
atherosclerosis. Nat Rev Cardiol 6: 399–409.

HOMA-IR during SGLT2 inhibitor treatment 507


