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OBJECTIVE

Impaired insulin sensitivity is associated with hyperﬁltration (i.e., elevated glomerular ﬁltration rate [GFR]) in adolescents with type 2 diabetes (T2D) and adults
with prediabetes. Yet, these relationships are based on studies that relied on
estimated GFR (eGFR), estimates of insulin sensitivity, or both. We aimed to verify
the relationship between insulin sensitivity and renal hemodynamic function by
gold standard methods in adults with T2D.

CARDIOVASCULAR AND METABOLIC RISK

RESEARCH DESIGN AND METHODS

Insulin sensitivity was assessed by hyperinsulinemic-euglycemic clamp (M value)
(glucose infusion rate in mg/kglean/min) and renal hemodynamic function by urinary
inulin (GFR) and para-aminohippuric acid (effective renal plasma ﬂow [ERPF])
clearances in participants with T2D without overt kidney disease. Filtration fraction
(FF) (GFR/ERPF) was calculated. Relationships between insulin sensitivity and renal
hemodynamic parameters were examined by multivariable linear regression. Renal
hemodynamic parameters were examined across tertiles of M values.
RESULTS

We tested 44 adults with T2D, of whom 77% were male, with mean 6 SD age 63 6
7 years, BMI 31.2 6 4.0 kg/m2, and HbA1c 7.4 6 0.6%. Average GFR was 110 6 26
mL/min, with an FF of 22.1 6 2.8% and median 24-h urinary albumin excretion of
11.3 mg (interquartile range 5.8–17.0). Average M value was 5.6 6 2.9 mg/kglean/
min. Insulin sensitivity inversely correlated with GFR (r 5 20.44, P < 0.01) and FF
(r 5 20.40, P < 0.01), and these associations remained signiﬁcant after multivariable
adjustments for age, sex, renin-angiotensin system inhibitor use, and HbA1c. In
addition, GFR, FF, and urinary albumin excretion were highest in the participants in
the lowest M value tertile.
CONCLUSIONS

For the ﬁrst time, we demonstrate that impaired insulin sensitivity is associated with
intrarenal hemodynamic dysfunction by gold standard techniques in adults with
T2D treated with metformin monotherapy.
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accurate at the normal-to-elevated
range, while eGFR is not; 2) elevated
FF is more likely to capture hyperﬁltration in adults; and 3) estimating insulin
sensitivity may be inaccurate in relatively
small studies. Accordingly, the objective
of this analysis was to deﬁne the relationships between insulin sensitivity and
parameters of renal hemodynamic function by gold standard methods in adults
with T2D on metformin monotherapy.
We hypothesized that insulin resistance
would relate to renal hemodynamic dysfunction including increased GFR and FF
in adults with T2D without overt DKD.
RESEARCH DESIGN AND METHODS

This cross-sectional study was performed
at the Amsterdam University Medical
Centers, location VUmc, and used the
baseline data from the RED trial, a randomized clinical trial studying the renoprotective effects of dapagliﬂozin in
people with T2D (11). The study protocol,
protocol amendments, and any other
protocol-speciﬁc documents were reviewed and approved by local authorities and the ethics review board of
the Amsterdam University Medical Centers, location VUmc. The study complied
with the Declaration of Helsinki and
Good Clinical Practice guidelines and
was registered at the ClinicalTrials.gov
(NCT02682563).
Study Participants

Participants were recruited from our
database and by advertisements in local
newspapers. Eligible participants were
men or postmenopausal women, aged
35–75 years, diagnosed with T2D with an
HbA1c of 6.5–9.0% (48–75 mmol/mol)
and a BMI .25 kg/m2. Participants were
treated with metformin as the only glucoselowering agent (stable dose for $3 months).
Use of other antihyperglycemic medication was not allowed. Blood pressure
was under control (i.e., ,140/90 mmHg),
and macroalbuminuria (i.e., albumin-tocreatinine ratio .300 mg/g) was not
allowed; in case of previously diagnosed
hypertension and/or albuminuria, treatment included at least a stable dose of a
renin-angiotensin system (RAS) inhibitor
for $3 months. Exclusion criteria included a history of unstable or rapidly
progressing renal or malignant disease
(excluding basal cell carcinoma), eGFR
,60 mL/min/1.73 m2, urinary retention
(bladder ultrasonography at screening
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visit was performed to objectively assess
bladder emptying), (re)current urinary
tract or genital infection, and the use
of nonsteroidal anti-inﬂammatory drugs
or diuretics that could not be stopped
3 months prior to the study day. Written
informed consent was obtained from all
participants before any trial-related
activities.
Study Protocol, Measurements, and
Calculations

The week before testing, the participants
adhered to a controlled sodium (9–12
g/day) and protein (1.5–2.0 g/kg/day)
diet in order to minimize variation in
renal physiology due to salt and protein
intake. After an overnight fast, blood
and urine were obtained for fasting outcome variables. Then the renal tests
commenced by a weight-calculated bolus
infusion of 22.5 mg/kg inulin (Inutest;
Fresenius Kabi Austria, Graz, Austria)
and 3 mg/kg para-aminohippuric acid
(PAH) (4-Aminohippuric Acid Solution
20%; Bachem Distribution Services,
Weil am Rhein, Germany) in 10 min after
which infusion continued at a lower rate
(675 and 320 mg/h, respectively) for the
remainder of the day. The participants
remained fasted until the study day
ended but were hydrated with tap water
to secure urine collection. After 33 participants completed the trial, inulin was
retracted from the market due to anaphylactic reactions in another center.
Since iohexol and inulin have a similar
pharmacokinetic proﬁle, and clearances
correlate almost perfectly (r 5 0.986)
(12), we subsequently used iohexol in our
protocol to measure GFR in the remaining 11 participants (bolus 36 mg/kg in
10 min, followed by 906 mg/h). Separate
analysis in participants tested with inulin
and iohexol clearance yielded equivalent
results (data not shown). We did not use
different substances within a participant.
After 2 h of bed rest, the hyperinsulinemic-euglycemic clamp was initiated,
with insulin (NovoRapid, Novo Nordisk,
Denmark) infusion at 40 mU/min z m2
while plasma glucose was maintained at
5.0 mmol/L by variable glucose 20% infusion. After 90 min of equilibration, urine
was collected by spontaneous voiding for
two 45-min periods. Supplementary Fig. 1
provides an overview of the study protocol used for this study; the full protocol
has previously been published (11). GFR
and ERPF were determined from inulin/
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Approximately 40% of people with type 2
diabetes (T2D) will develop diabetic kidney disease (DKD), clinically manifested
by impaired glomerular ﬁltration rate
(GFR) and/or increased urinary protein
excretion (1). Glomerular hyperﬁltration,
a supraphysiological increase in GFR, is
thought to contribute to progressive renal
damage by increasing glomerular pressure
and shear stress (2,3). It is typically deﬁned
as increased whole-kidney GFR, which is a
function of the number of nephrons and
single-nephron GFR, and can precede overt
DKD or even diabetes onset (2,4). However,
whole-kidney GFR may mask singlenephron hyperﬁltration, as a person with
low nephron numbers is likely to hyperﬁltrate at the single-nephron level, while
whole-kidney GFR is normal or low (2,5).
This is particularly problematic in adults .30
years of age who experience age-related
nephron mass decline. Increased ﬁltration
fraction (FF), a product of GFR divided by
effective renal plasma ﬂow (ERPF), has
been proposed to be a more suitable
marker to deﬁne hyperﬁltration in this
population (2,5).
T2D is a complex metabolic disorder
that is characterized by hyperglycemia
due to impaired insulin sensitivity and
progressive b-cell failure, factors that
have been causally implicated in the
pathogenesis of DKD (6,7). Interestingly, a
cross-sectional study in adolescents with
youth-onset T2D indicated that measured
insulin sensitivity is an important determinant of renal healthdpotentially even
stronger than glycemic, blood pressure,
and lipemic control (8). Impaired estimated
insulin sensitivity has also been associated
with elevated urinary albumin excretion
and glomerular hyperﬁltration in longitudinal studies in adolescents with youth-onset
T2D (9) and adults with prediabetes (10).
This relationship between insulin sensitivity and renal hemodynamic function
has not been directly studied in adults
with T2D. In addition, previous studies in
pediatric populations and adult populations without diabetes have relied on
estimates of insulin sensitivity (10), estimated GFR (eGFR) (8), or both (9) to
examine the relationship between insulin sensitivity and renal hemodynamic
function. To our knowledge, there are no
studies that have examined the relationship between directly measured insulin
sensitivity and renal hemodynamic function, including FF. Such investigations
are important, as 1) measured GFR is
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Statistical Analysis

Statistical analyses were performed using SPSS software (version 24; IBM Statistics). The results are expressed as
mean 6 SD when variables were normally distributed or median with interquartile range (IQR) when they were not.
Categorical variables are shown as n with
%. Correlations between two variables
were assessed using Pearson correlations
(all normally distributed). Multivariable
linear regression models were built to
examine the relationship between insulin sensitivity and renal hemodynamics
correcting for traditional risk factors; b
and SE are shown. Participants were also
stratiﬁed into tertiles based on insulin
sensitivity (M value for lean body mass),
and renal hemodynamics were examined
across the tertiles. One-way ANOVA was
used to assess whether there were differences between tertiles and, when significant, individual tertiles were compared
with the Bonferroni post hoc test.

Statistical signiﬁcance was deﬁned as a
two-sided P value of ,0.05.
RESULTS
Patient Recruitment

Between July 2016 and March 2018,
75 participants were screened, of whom
50 were found eligible. Of these, ﬁve
people withdrew consent before testing
and one was excluded from the analyses
due to insufﬁcient bladder emptying on
the test day (Fig. 2). One participant was
excluded from analyses because of an
M value .3 SDs from the mean, thus
resulting in 43 included subjects in the
current analyses.
Insulin Sensitivity and Renal
Hemodynamic Function

The mean glucose infusion rate needed
to maintain plasma glucose at 5 mmol/L
(90 mg/dL) during the hyperinsulinemiceuglycemic clamp was 5.6 6 2.9 mg/
kglean/min (M value). Average insulin
concentration during the last 30 min
of the clamp was 542 6 132 pmol/L.
The mean 6 SD M/I ratio was 0.011 6
0.007 mg/kglean z min z (pmol/L)21. Mean

GFR and ERPF were 110 6 26 mL/min and
500 6 111 mL/min, respectively. This
resulted in an FF of 22.1 6 2.8%. Lastly,
mean ERBF was 848 6 206 mL/min and
mean RVR was 0.13 6 0.03 mmHg/L/min
(Table 1).
Insulin sensitivity was inversely associated with GFR (r 5 20.44, P 5 0.004)
and FF (r 5 20.40, P 5 0.008). The
negative relationship with urinary albumin excretion did not reach statistical
signiﬁcance (Table 2 and Fig. 1A). The
relationship between insulin sensitivity
and GFR (b 5 23.5 6 1.0, P 5 0.001) and
FF (b 5 20.36 6 0.14, P 5 0.013)
remained signiﬁcant after adjustments
for age, sex (male/female), RAS inhibitor
use (yes/no), and HbA1c (Table 2).
As a result of stratiﬁcation, median M
value was clearly different between the
low, mid, and high insulin sensitivity
tertiles (Table 3). BMI was highest in the
low and lowest in the high insulin sensitivity group, and the difference in BMI between the high and low tertiles reached
significance. GFR was signiﬁcantly higher in
the low insulin sensitivity tertile compared
with the two other tertiles (Table 3 and Fig.

Table 1—Participant characteristics (n 5 43)
Clinical characteristics
Age, years
Male, n (%)
Current smoker, n (%)
BMI, kg/m2
Fasting plasma glucose, mg/dL
Fasting plasma glucose, mmol/L
HbA1c, %
HbA1c, mmol/mol
Diabetes duration, years

63 6 7
33 (77)
4 (9)
31.2 6 4.0
162 6 28
9.0 6 1.5
7.4 6 0.6
57 6 7
10.4 6 5.8

Fasting systemic hemodynamic parameters
SBP, mmHg
DBP, mmHg
MAP, mmHg
Heart rate, bpm

135 6 13
83 6 6
101 6 7
67 6 11

Renal hemodynamic parameters
GFR, mL/min
ERPF, mL/min
FF, %
ERBF, mL/min
RVR, mmHg/L/min
Albuminuria, mg/day
Insulin sensitivity
M value, mg/kglean z min
M/I ratio, mg/kglean z min z (pmol/L)21
Medication
Metformin dose, mg
Statin use, n (%)
Anticoagulant medication use, n (%)
RAS inhibitor use, n (%)
Values are expressed as mean 6 SD, n (%), or median (IQR).

110 6 26
500 6 111
22.1 6 2.8
848 6 206
0.13 6 0.03
11.3 (5.8–17.0)
5.6 6 2.9
0.011 6 0.007
1,500 (1,000–2,000)
30 (70)
6 (14)
32 (74)
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iohexol and PAH clearances, respectively,
based on timed blood and urine sampling.
Calculations for measured GFR, ERPF,
ﬁltration fraction (FF), effective renal
blood ﬂow (ERBF), and renal vascular
resistance (RVR) have previously been
described (13,14). FF was calculated by
dividing measured GFR by ERPF, ERBF
by dividing ERPF by (1 2 hematocrit), and
RVR by dividing mean arterial pressure
(MAP) by ERBF.
Insulin sensitivity was measured by
glucose infusion rate (corrected for urinary glucose excretion) during the last
30 min of the clamp and corrected for
lean body mass (M value) (mg/kglean/
min). We assessed lean body mass by
single-frequency bioelectrical impedance analyzer (Maltron BF-906; Maltron
International, Essex, U.K.). The ISI (M/I
ratio) was calculated by dividing M value
by the mean of insulin concentration
during the same 30 min. The M/I ratio
represents the amount of glucose metabolized per unit of plasma insulin.
Systolic blood pressure (SBP), diastolic
blood pressure (DBP), MAP, and heart
rate were determined during all three
phases at the brachial artery of the nondominant arm by an automated oscillometric device (DINAMAP; GE Healthcare,
Little Chalfont, U.K.). Measurements
were performed in triplicate at 1- to
2-min intervals using the mean of the
last two measurements.
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Table 2—Correlation between insulin sensitivity (lean M value) and renal hemodynamic function
Univariable analyses
r

P

GFR, mL/min

20.44

0.004

ERPF, mL/min

20.22

0.162

FF, %

20.40

0.008

ERBF, mL/min
RVR, mmHg/mL/min

20.27
0.26

0.076
0.087

ln albuminuria, mg/day

20.29

0.063
Multivariable analyses with GFR (mL/min)

Model 1 (adjustment for age, sex, RASi use, and HbA1c)

Model 2 (model 1 adjustments 1 M value)

b 6 SE 5 21.12 6 0.50, P 5 0.032

b 6 SE 5 21.13 6 0.44, P 5 0.015

Sex, male/female

b 6 SE 5 222.05 6 8.25, P 5 0.011

b 6 SE 5 220.00 6 7.26, P 5 0.009

b 6 SE 5 16.91 6 7.95, P 5 0.040
b 6 SE 5 20.15 6 0.49, P 5 0.765

b 6 SE 5 16.47 6 6.97, P 5 0.024
b 6 SE 5 20.26 6 0.43, P 5 0.551

d

b 6 SE 5 23.50 6 0.99, P 5 0.001

R2 5 0.38/P 5 0.001

R2 5 0.53/P < 0.001

RAS inhibitor, yes/no
HbA1c, mmol/mol
M value, mg/kglean z min

Multivariable analyses with FF (mL/min)

Age, years
Sex, male/female

Model 1 (adjustment for age, sex, RASi use, and HbA1c)

Model 2 (model 1 adjustments 1 M value)

b 6 SE 5 0.03 6 0.07, P 5 0.701
b 6 SE 5 22.27 6 1.07, P 5 0.040

b 6 SE 5 0.02 6 0.6, P 5 0.693
b 6 SE 5 22.06 6 1.00, P 5 0.046

RASi, yes/no

b 6 SE 5 0.15 6 1.03, P 5 0.885

b 6 SE 5 0.11 6 0.96, P 5 0.913

HbA1c, mmol/mol

b 6 SE 5 0.01 6 0.06, P 5 0.880

b 6 SE 5 20.00 6 0.06, P 5 0.977

d

b 6 SE 5 20.36 6 0.14, P 5 0.013

R2 5 0.12/P 5 0.300

R2 5 0.26/P 5 0.045

M value, mg/kglean z min

Univariable analysis with Pearson correlation is shown. Also shown is multivariable approach to assess whether GFR and FF are still signiﬁcantly
associated with insulin sensitivity after correction for clinical characteristics. Model 1 included age, sex, RAS inhibitor (RASi) use, and HbA1c. In model
2, M value was added. Signiﬁcant correlations are highlighted in boldface type. ERPF, effective renal plasma ﬂow.

1). This was also true for FF, although only
the difference between the low and high
tertile reached signiﬁcance (Table 3 and Fig.
1). Lastly, although it was within normal
range and nonsigniﬁcant, the low insulin
sensitivity group did show the highest
urinary albumin excretion. This tertile
also included three people with microalbuminuria (30–300 mg/day) and one
with macroalbuminuria (.300 mg/day)
compared with two people with microalbuminuria in the mid and one in the high
insulin sensitivity group. There were no
differences for ERPF, ERBF, RVR, body
weight, SBP, and MAP between the
tertiles (Table 3).
CONCLUSIONS

This is the ﬁrst study to investigate the
relationship between insulin sensitivity
and renal hemodynamics measured with
gold standard methodologies in adults
with T2D and preserved renal function.
We observed strong inverse associations
between insulin sensitivity and both
GFR and FF. Additionally, the participants
in the tertile with the least insulin

sensitivity had the highest GFR, FF,
and albumin excretion rate. These results
suggest that impaired insulin sensitivity is
associated with renal hemodynamic
dysfunction, including hyperﬁltration,
and raise the possibility that insulin resistance contributes to the development
of DKD in adult T2D.
Glomerular hyperﬁltration is a recognized risk factor for the development and
progression of DKD (2). Although hyperﬁltration is classically deﬁned as elevated
whole-kidney GFR, the phenotype is subject to misclassiﬁcation bias in adults with
T2D, who likely hyperﬁltrate at the singlenephron level despite having a normal or
even reduced whole-kidney GFR due to
functional nephron loss. Therefore, it has
been proposed that increased FF is useful
to assess hyperﬁltration at the singlenephron level (2). Evidence to support
the importance of (single-nephron) hyperﬁltration as a risk factor for progression of DKD is derived from pharmacological
interventions that modulate renal hemodynamics. As an example, RAS blockers
have been described to improve DKD

progression by lowering glomerular pressure and hyperﬁltration through postglomerular vasodilatation (2,15,16).
Although the mechanisms of glomerular hyperﬁltration are not entirely clear,
it has been hypothesized that hyperﬁltration is the result of obesity and
diabetes-induced changes in structural
and hemodynamic factors that determine GFR (2). According to the vascular theory, an imbalance of vasoactive
factors that control pre- and postglomerular arteriolar tone causes preglomerular vasodilatation and postglomerular
vasoconstriction leading to glomerular hypertension and hyperﬁltration (2,5).
Impaired insulin signaling due to insulin resistance for instance reduces
nitric oxide (NO) production and NOdependent vascular relaxation (17). Insulin also promotes sodium retention,
and the tubular theory proposes that a
reduced delivery of sodium and chloride to the macula densa dilates the
preglomerular arteriole by inhibition of
tubuloglomerular feedback to induce
hyperﬁltration (2). Lastly, it has been
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suggested that impaired insulin sensitivity
diminishes mitochondrial function leading
to a loss of nephrons possibly related to
hypoxic stress and as a result of which the
remaining nephrons hyperﬁlter to sustain
whole-kidney function (18,19). Collectively, these mechanisms can lead to
altered renal hemodynamics that may
eventually cause hyperﬁltration. Subsequently, glomerular hyperﬁltration can
inﬂict glomerular damage, albuminuria,
and hypoxia, which could further drive
renal impairment (20).

Previous reports have related insulin
sensitivity to hyperﬁltration and renal
health (9,10,21). However, these studies
were based on estimated GFR, estimated
insulin sensitivity, or both, whereas our
study directly measured both insulin
sensitivity and renal hemodynamics. Filtration fraction can only be calculated in
humans by directly measuring GFR and
ERPF. Our ﬁndings conﬁrm those of a
study in obese people without diabetes
in whom eGFR was inversely related to
clamp-measured insulin sensitivity (22).

Interestingly, insulin sensitivity was more
closely related to eGFR than BMI or blood
pressure in that study (22). Furthermore,
Tsuda et al. (10) recently demonstrated
that FF and estimated glomerular pressure are higher in individuals with prediabetes than in healthy individuals.
Together, these ﬁndings suggest that
insulin sensitivity may contribute to hyperﬁltration in early (pre)diabetes. In
contrast, insulin-mediated increments
in GFR were blunted by reduced insulin
sensitivity in healthy individuals (23),

Table 3—Comparison between insulin sensitivity tertiles
P value
Low IS (n 5 14)

Mid IS (n 5 15)

High IS (n 5 14)

Low vs. mid

Mid vs. high

Low vs. high

M value, mg/kglean/min
BMI, kg/m2

2.6 6 0.9
33.3 6 3.8

5.2 6 0.6
30.7 6 3.9

9.0 6 2.0
29.5 6 3.3

<0.001
n.s.

<0.001
n.s.

<0.001
0.027

SBP, mmHg*

145 6 14

141 6 17

150 6 18

n.s.

n.s.

n.s.

DBP, mmHg

89 6 8

83 6 8

82 6 6.1

n.s.

n.s.

n.s.

GFR, mL/min

129 6 26

100 6 20

103 6 21

0.003

n.s.

0.010

ERPF, mL/min*

551 6 105

464 6 108

488 6 107

n.s.

n.s.

n.s.

FF, %

23.3 6 2.7

22.3 6 2.4

20.7 6 2.8

n.s.

n.s.

0.039

ERBF, mL/min*

953 6 193

786 6 207

807 6 189

n.s.

n.s.

n.s.

RVR, mmHg/L/min*

117 6 24

139 6 37

136 6 34

n.s.

n.s.

n.s.

13.5 (9.0–64.5)

8.0 (3.3–13.3)

11.0 (6.5–18.1)

n.s.

n.s.

n.s.

Albuminuria, mg/day*#

Values are expressed as mean 6 SD or median (IQR) when nonparametric. Clinical characteristics and renal measures compared across tertiles of insulin
sensitivity (IS) (lean M value). When one-way ANOVA was signiﬁcant, individual tertiles were compared using the Bonferroni post hoc test. n.s.,
nonsigniﬁcant. *One-way ANOVA test nonsigniﬁcant, and individual tertiles were thus not compared. #Analyzed after ln-transformation. Signiﬁcant
differences indicated in boldface type.
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Figure 1—A: Correlations between insulin sensitivity (lean M value) and renal measures. i: GFR. ii: FF. iii: log albuminuria. Pearson correlations are shown.
B: Tertiles of insulin sensitivity (lean M value) compared with regard to renal function. i: GFR. ii: FF. iii: Albuminuria. Box and whisker plots are
shown in i and ii, and geometric mean and 95% CI are shown in iii. The P values are calculated by Bonferroni post hoc test after signiﬁcant one-way
ANOVA. *ANOVA nonsigniﬁcant.
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are therefore not able to imply causality
between insulin sensitivity and hyperﬁltration. Follow-up data would be important, since both insulin resistance and
DKD progress over time.
Since we demonstrated that impaired
insulin sensitivity is associated with renal
hemodynamic dysfunction in adults with
T2D, it is interesting that the insulinsensitizing agent rosiglitazone was found
to reduce glomerular hyperﬁltration and
urinary albumin excretion in patients
with early T2D with microalbuminuria
(27). Rosiglitazone is assumed to reduce
urinary albumin excretion by improving
glomerular endothelial function, thereby
reducing leakiness of the endothelium
(27). Bariatric surgery also improves insulin sensitivity and renal outcomes, including glomerular hyperﬁltration, in
patients with and without diabetes
(28,29). Longitudinal studies that delineate whether improvements in insulin
sensitivity drive renoprotection by these
interventions in the setting of T2D are
warranted. Moreover, we measured renal hemodynamic function during a hyperinsulinemic-euglycemic clamp while
participants were fasted for .12 h. In
modern society, we are, however, more
often in the postprandial than in the
fasted state. We know that a protein
load exacerbates glomerular hyperﬁltration in T2D, while it does not affect GFR or
ERPF in healthy people (30). Future studies should investigate whether insulin
sensitivity is a determinant of the susceptibility to this protein-induced hyperﬁltration. If this is true, greater dietary
protein restrictions could help improve
renal outcome in less insulin-sensitive
people with T2D.
In conclusion, we demonstrate that
insulin resistance measured by the
hyperinsulinemic-euglycemic clamp technique relates to renal hemodynamic function measured by inulin and PAH clearance
in adults with T2D and preserved kidney
function.
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