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OBJECTIVE — While the relevant role of insulin resistance in the pathogenesis of increased
urinary albumin excretion (UAE) is well established in type 1 diabetes, its contribution in type
2 diabetes is controversial. Our aim was to investigate whether insulin resistance was associated
with increased UAE in a large cohort of patients with type 2 diabetes.

RESEARCH DESIGN AND METHODS — A total of 363 men and 349 women, aged
61 = 9 years, with a disease duration of 11 = 9 years and HbA_ levels of 8.6 £ 2.0% were
included. Insulin resistance was derived from the homeostasis model assessment of insulin
resistance (HOMA, ), and UAE was derived from the albumin-to-creatinine ratio (ACR) defined
as increased if the value was =2.5 mg/mmol in men and =3.5 mg/mmol in women. ACR was
correlated with HOMA (r = 0.15, P = 0.0001), independently of age, disease duration, blood
pressure, HbA, , triglycerides, waist circumference, and smoking.

RESULTS — When the two sexes were investigated separately, a significant correlation be-
tween ACR and HOMA | was reached in men (n = 363;r = 0.21, P = 0.0001) but not women
(n = 349; r = 0.08, P = 0.14), suggesting that insulin resistance and sex may interact (P for
interaction = 0.04) in determining UAE. When men were subgrouped into quartiles of HOMA,
those of the third and fourth quartile (i.e., the most insulin resistant) were at higher risk to have
increased ACR than patients of the first quartile (third quartile: odds ratio 2.2 [95% CI1 1.2-4.2],P =
0.01) (fourth quartile: 4.1 [2.2-7.9], P = 0.00002). Finally, ACR was significantly higher in men with
two or more insulin resistance-related cardiovascular risk factors (i.e., abdominal obesity, dyslipide-
mia, and arterial hypertension) than in men with fewer than two insulin resistance—related cardio-
vascular risk factors (0.90 [0.2-115.1] vs. 1.56 [0.1-1367.6], respectively, P = 0.005).

CONCLUSIONS — In type 2 diabetic patients, increased UAE is strongly associated with
insulin resistance and related cardiovascular risk factors. This association seems to be stronger in
men than in women.
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ncreased urinary albumin excretion

(UAE) is a strong predictor for devel-

opment of overt diabetic nephropathy
and cardiovascular mortality and morbid-
ity in patients with type 1 and type 2 di-
abetes (1).

Several evidences suggest that insulin
resistance precedes and probably contrib-
utes to the development of increased UAE
in type 1 diabetic patients (2) as well as in
nondiabetic subjects (3). At variance, the
relationship between insulin resistance
and increased UAE in type 2 diabetic pa-
tients is less clear. In detail, both negative
(4-6) and positive (7-10) results have
been reported on the association between
the two conditions in these patients.
Worth noting, all previous studies have
been carried out in small samples, ranging
from 20 (4) to 155 (6) patients. Examin-
ing the relationship between insulin resis-
tance and increased UAE may help to
clarify some of the mechanisms of in-
creased cardiovascular morbidity and
mortality in patients with type 2 diabetes,
and albuminuria and might be, conse-
quently, useful from a clinical point of
view. Insulin resistance is in fact treatable
(11,12), and this treatment is effective in
reducing cardiovascular mortality in type
2 diabetic patients (13). Therefore, if a
pathogenic role of insulin resistance on
increased UAE and associated cardiovas-
cular risk in type 2 diabetes is demon-
strated, patients with increased UAE
might benefit from specific treatments of
insulin resistance.

Conlflicting results have also been re-
ported for the possibility that the associa-
tion between insulin resistance and
increased UAE in the general population
is sex specific, with some investigators re-
porting the association mostly in men
(14-15) and others reporting a similar as-
sociation in both sexes (16). This latter
issue, which may also be of clinical rele-
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Table 1—Clinical features of type 2 diabetic patients with normoalbuminuria or micro- and macroalbuminuria according to sex

Men Women
Micro- and/or Micro- and/or
Normoalbuminuria macroalbuminuria P Normoalbuminuria macroalbuminuria P

Sex 227 (63) 136 (67) 269 (77) 80 (23) <0.0001
Age (years) 50 +£906 62 9.7 0.004 63 + 8.8 63+ 11.1 0.8
Duration of diabetes (years)* 0 *86 11 =88 0.4 11 =89 14 =902 0.03
BMI (kg/m?)* 29 =49 30 + 4.8 0.005 32 +63 32 +£59 0.9
Waist circumference (cm)* 100.2 = 13 102.7 £ 13 0.04 101.9 £ 14 104.7 = 16 0.1
SBP (mmHg)* 133 £ 17 136 = 17 0.2 134 = 16 138 £ 15 0.08
DBP (mmHg)* 79 £ 9 79 £8 0.5 79 £ 8 78 = 10 0.9
Triglycerides (mg/dD* 142 £ 85 190 * 50 <0.0001 159 + 257 186 * 169 0.005
Total cholesterol (mg/dD)* 194 = 62 190 = 50 0.9 206 = 62 209 =53 0.7
HDL cholesterol (mg/dD)* 42 + 12 40 £ 12 0.06 48 + 13 46 + 13 0.4
HbA, . (%)* 84 +2 9.0*2 0.003 85*2 02=*2 0.002
HOMA * 2.9(0.37-72.4) 4.9 (0.66-22.1) <0.0001 4.1 (0.6-23.9) 4.1 (0.7-36.3) 0.4
ACR (mg/mmol)* 0.75(0.08-2.37) 6.7 (2.51-1,367.61) <0.0001  0.93(0.24-3.48) 8.9 (3.75-157.54) <0.0001
GFR-d (ml*min™' - 1.73 m™2)* 90.4 + 26 79.6 = 34 0.04 81.7 = 26 76.3 = 30 0.07
Antidiabetic Rx

Diet alone 25(11) 17 (13) 32(12) 8 (10)

OHA 128 (56) 45 (33) 127 (47) 31 (39)

Insulin (=OHA) 74 (33) 74 (54) <0.0001 110 (41) 41 (51) 0.3
Arterial hypertension 171 (75) 121 (89) 0.002 231 (86) 72 (90) 0.3

Antihypertensive treatment 90 (40) 84 (63) <0.0001 169 (63) 60 (75) 0.04

Treatment with ACE 68 (30) 53 (39) 0.09 120 (45) 50 (63) 0.007

inhibitors/ARBs

Dyslipidemia 191 (84) 115 (85) 0.9 247 (92) 72 (90) 0.7

Treatment with hypolipidemic 57 (25) 52 (38) 0.01 89 (33) 31 (39) 0.4

therapy

Retinopathy 56 (26) 68 (51) <0.0001 55(21) 28 (35) 0.01
Smokers 76 (34) 45 (33) 0.9 16 (6) 10 (13) 0.05

Data are n (%), mean * SD, or median (range). *P adjusted for age. GFR, glomular filtration rate; OHA, oral hypoglycemic agent.

vance, has not been specifically addressed
in patients with type 2 diabetes (4-10).

The aim of the present study was to
investigate, in a large cohort of type 2 di-
abetic patients, whether insulin resistance
was associated with increased UAE and, if
so, if this association was sex specific.

RESEARCH DESIGN AND

METHODS — This study was con-
ducted in Caucasian patients with type 2
diabetes who were residents of the Gar-
gano region and surrounding areas, i.e.,
the center east coast of Italy. A total of 712
type 2 diabetic patients (363 men and 349
women) who met the following criteria
were consecutively recruited at the Endo-
crine Unit of the CSS Scientific Institute in
San Giovanni Rotondo: diabetes diag-
nosed after age 30 years, absence of ke-
tones at diagnosis, and absence of
clinically evident autoimmune disease.
These criteria were chosen to minimize
the risk of including late-onset type 1 di-

abetic patients. In addition, anti-GAD an-
tibodies were determined in 200
randomly selected patients, and only 3 of
200 patients turned out to be anti—-GAD
antibody positive (>0.9 units/ml), thus
indicating that the risk of misdiagnosis is,
in fact, trivial in our sample. All patients
were interviewed regarding the age of
type 2 diabetes diagnosis and ongoing an-
tidiabetic treatments. Duration of diabe-
tes was calculated from the calendar year
of data collection minus the calendar year
of diabetes diagnosis. Clinical features of
patients recruited and subgrouped ac-
cording to sex and presence or absence of
micro- and macroalbuminuria are sum-
marized in Table 1. Among 403 patients
who were on antihypertensive treatment,
291 (72%) patients were on either ACE
inhibitors or angiotensin II receptor 1
blockers (ARBs); among these, dihy-
dropiridinic calcium antagonists were
added in 76 (26%), whereas diuretics and
a- or B-blockers were added in 183

(63%) patients. All subjects enrolled in
the study underwent physical examina-
tion, including measurements of height,
weight, waist circumference, and blood
pressure (i.e., two measurements rounded
to the nearest 2 mmHg in the sitting posi-
tion after at least 5 min rest, using an appro-
priate-sized cuff; diastolic blood pressure
was recorded at the disappearance of Korot-
koff sound, phase V).

Fasting venous blood was sampled
from an antecubital vein from all patients
for the measurement of serum insulin, to-
tal cholesterol, HDL cholesterol, serum
triglycerides, and HbA,_, as previously
described (17). Urinary albumin and cre-
atinine concentration were determined
the same morning of the clinical examina-
tion on an early morning first void sterile
urine sample by the nephelometric
method (Behring Nephelometer Ana-
lyzer) and the Jaffe reaction-rate method
(Hitachi 737 Autoanalyzer), respectively.
The urinary albumin-to-creatinine ratio
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(ACR) was then calculated. Microalbu-
minuria was diagnosed if the ACR was
=2.5 mg/mmol in men and 3.5 mg/mmol
in women but <30 mg/mmol. Mac-
roalbuminuria was defined as an ACR
>30 mg/mmol, a level that approximates
an albumin excretion of 300 mg/24 h,
considered as the upper limit of mi-
croalbuminuria (18). A total of 179 pa-
tients (27%) had microalbuminuria and
37 (5%) had macroalbuminuria. The ex-
clusion of patients with macroalbumin-
uria from the analysis did not change the
results obtained, which were, therefore,
presented for the entire cohort. The group
of patients with micro- or macroalbumin-
uria was named the MA group.

Creatinine clearance was calculated
with the Cockeroft-Gault formula (19)
and was used as a measure of glomerular
filtration rate. The homeostasis model as-
sessment of insulin resistance (HOMA )
index was calculated as fasting serum in-
sulin (mU/ml) X fasting plasma glucose
(mmol/1)/22.5 (ref. 20).

Patients were considered to have ar-
terial hypertension if systolic blood pres-
sure (SBP) was =130 mmHg and diastolic
blood pressure (DBP) =85 mmHg or
were currently receiving antihypertensive
treatment. Patients were considered to
have dyslipidemia if they were currently
receiving lipid-lowering treatment or had
total cholesterol =200 mg/dl, HDL cho-
lesterol =40 mg/dl in men and 50 mg/dl
in women, and triglycerides =150 mg/dl
(21). Presence of retinopathy was defined
on funduscopy examination or as a history
of laser therapy. Information on smoking
habits was obtained by a questionnaire.

The study was performed according
to the Helsinki Declaration, and the pro-
tocol was approved by the local ethics
committee. All subjects provided written
informed consent.

Statistical analysis

Data are reported as the mean * SD or
median (range). Mean differences were
compared by unpaired Student’s ¢ test or
Mann-Whitney U tests, as appropriate. A
P value <0.05 was considered to be
significant.

Univariate and multivariate analyses
were performed to correlate independent
variables, such as HOMA,, HbA,, SBP,
DBP, waist, duration of disease, sex, age,
smoking, lipids, antidiabetic therapy, and
use of ACE inhibitors or ARBs with the
dependent variable as ACR. Then, in a

multivariate logistic regression analysis,
we explored the effect of independent
variables (i.e., HOMA ) on the binary de-
pendent variable (i.e., micro- or mac-
roalbuminuria: yes or no) and expressed
as odds ratio (OR) (95% CI). For these
analysis, skewed distributed variables
(i.e., HOMA;, ACR, and triglycerides)
were logarithmically transformed.

Interaction between HOMA and sex
in determining UAE was tested with GLM
Univariate analysis, statistical packaged
SPSS version 11.5 (SPSS, Chicago, IL).
The same statistical package was also used
for all other statistical analysis.

RESULTS — In the entire cohort, ACR
was significantly correlated with HOMA
(r = 0.15, P = 0.0001), age (r = 0.12,
P = 0.001), duration of diabetes (+r =
0.13, P = 0.0005), SBP (r = 0.15, P =
0.0009), HbA, . (r = 0.16, P = 0.00001),
triglycerides (r = 0.19, P < 0.00001),
and waist circumference (r = 0.10, P =
0.02). HOMA; was also correlated with
triglycerides (r = 0.20, P < 0.00001) and
HbA,, (r=0.24, P < 0.00001). A similar
correlation was observed when smoking
was also added to this multivariate model
(P =0.02).

When the relative contribution of all
the above-mentioned variables singly re-
lated to ACR was analyzed by multiple
regression analysis, HOMA; (P = 0.03),
age (P = 0.009), SBP (P = 0.0001),
HbA,. (P = 0.005), and triglycerides (P =
0.0001) but not duration of diabetes (P =
0.1) and waist circumference (P = 0.6)
were still significantly associated.

The correlation between HOMA
and ACR was still significant when antidi-
abetic (P = 0.02) or antihypertensive
therapy (P = 0.001) or only therapy with
ACE inhibitors and/or ARBs (P = 0.03)
were considered as independent vari-
ables. To further adjust for the possible
confounding effects of antidiabetic and
antihypertensive treatments on both ACR
and insulin resistance, data were reana-
lyzed in the subgroup of normotensive
patients (n = 206) or in the subgroup of
patients treated with diet alone (n = 82).
In both subgroups, the correlation be-
tween HOMA,; and ACR was still signif-
icant (r = 0.14, P = 0.049 and r = 0.3,
P = 0.009, respectively).

When the relationship between
HOMA, and ACR was investigated sepa-
rately in women and men, although a sim-
ilar trend was observed in the two sexes, a

significant correlation was observed in
men (n = 363;r=0.21,P = 0.0001) but
not in women (n = 349; r = 0.08, P =
0.14). In fact, a significant interaction
(P = 0.04) between HOMA; and sex in
determining ACR was observed. The cor-
relation between HOMA; and ACR in
men was still significant (P = 0.001) in a
multiple regression analysis model after
adjusting for age, duration of disease,
SBP, HbA, , triglycerides, waist circum-
ference, and smoking.

ACR measurement reproducibility in
our study was calculated in a representa-
tive sample of 329 patients (46% of the
entire cohort) who collected a second
urine sample in a similar fashion. The
coefficient of ACRs in this subgroup was
0.64, thus indicating a good reproducibil-
ity of our ACR measurement. When the
second ACR measurement was consid-
ered in this subgroup of patients, a signif-
icant correlation with HOMA; was
observed in men (r = 0.18, P = 0.024)
but not women (r = 0.02, P = 0.8).

When patients were stratified accord-
ing to quartiles of HOMA value, there
was a progressively increased risk of be-
longing to the MA group, which became
significant for patients of the fourth quar-
tile (i.e., the most insulin resistant) (OR
2.3 [95% CI1.4-3.7]) (Table 2). Similar
to that observed on the linear correlation
between the two variables, the association
between insulin resistance and micro-
and macroalbuminuria was significant
among men but not women (Table 2).

We then explored the relationship be-
tween UAE and the three specific cardio-
vascular risk factors that are strictly
related to insulin resistance—dependent
metabolic syndrome, i.e., waist circum-
ference (>102 cm for men and >88 cm
for women), increased blood pressure,
and dyslipidemia, as previously defined.
Accordingly, patients were subdivided in
two groups: group A with fewer than two
cardiovascular risk factors (n = 90) and
group B (n = 622) with two or more car-
diovascular risk factors. ACR was signifi-
cantly higher in group B (median 1.33
[range 0.1-1367.6]) than in group A
(0.9110.2-157.5]) (P = 0.01 after adjust-
ing for age and sex). This association was
also significant in men (0.90 [0.2-115.1]
vs. 1.56 [0.1-1367.6], P = 0.005) but not
women (1.18 [0.3-157.5] vs. 1.22 [0.2—
134.01, P = 0.9) patients.
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Table 2—Risk of having micro- or macroalbuminuria according to quartiles of HOMA in the whole population, women, and men with type

2 diabetes
Whole population Women Men
n 712 349 363
Quartiles of HOMA,, (range)
1(0.37-2.23) 1 1 1

11 (2.24-3.80)
A
B
C

111 (3.83-6.34)
A
B
C

IV (6.35-72.4)
A
B
C

0.94 (0.6-1.5)P=10.8
0.97 (0.6-1.6) P = 0.9
0.91(0.5-1.5) P =0.7

1.3(0.8-20P=03
1.4(0.9-22)P=0.2
1.1(0.7-1.9P=10.6

2.0(1.3-3.1) P = 0.003
2.3 (1.4-3.7) P = 0.0005

1.8(1.1-3.0) P = 0.02

0.7(03-14)P=03
0.7(03-14)P=03
0.6(03-14)P=0.2

0.6(0.3-1.3)P=10.2
0.6(03-1.3)P=0.2
0.5(0.2-1.1) P = 0.07

12(0.6-2.2)P=10.8
1.1(0.6-22)P =07
0.7(0.3-1.5)P =103

120.6-23)P=05
12 (0.6-23)P=0.6
12 (0.6-23)P=0.6

22(1.2-4.0)P=0.01
22(1.2-4.2)P=10.01
1.9 (0.8-3.7) P = 0.06

3.8 (2.0-7.1) P = 0.00004
4.1 (2.2-7.9) P = 0.00002
3.7 (1.9-7.5) P = 0.0002

Data are OR (95% CI). A, unadjusted values; B, adjusted for age and sex; C, adjusted for age, sex, duration of disease, waist circumference, SBP, and HbA, ..

CONCLUSIONS — The relationship
between insulin resistance and UAE in
type 2 diabetic patients has been a matter
of debate with both positive (7-10) and
negative (4-6) results obtained in sam-
ples of small to moderate size ranging
from 20 (4) to 155 (6) patients; this might
have increased the risk of both false-
positive and false-negative results. Our
present data, obtained in a large sample,
clearly indicate that in patients with type
2 diabetes, there is a highly significant as-
sociation between insulin resistance and
UAE. Similarly, insulin resistance was
also associated with the presence of mi-
cro- and macroalbuminuria. In line with
the associations we describe here is a re-
cent report (22) indicating that insulin
sensitizer drugs may decrease UAE in type
2 diabetic patients. The association be-
tween insulin resistance and UAE is inde-
pendent of possible confounders affecting
both variables, including age, smoking, du-
ration of disease, triglycerides, waist cir-
cumference, smoking, metabolic control,
blood pressure, and related treatments.
Anovel finding of our study is that the
correlation between insulin resistance
and UAE was significant in male but not
female type 2 diabetic patients, although a
similar trend was also observed in the lat-
ter group. Worth noting, the two groups
were of similar magnitude; whether a sta-
tistical significance would be reached also
in women with a much larger sample size
is a possibility that deserves further stud-
ies. With the present sample size, sex and

insulin resistance seem to interact in
modulating UAE in our cohort. It is a mat-
ter of debate whether a similar interaction
also occurs in the general population
(14-16). Why the association between
insulin resistance and UAE seems to be
stronger in men than women is unknown.
Differences in hormonal assessment in
the two sexes might be relevant. In our
cohort, the vast majority (87%) of women
were >50 years of age and, therefore, pre-
sumably in the postmenopausal state.
Therefore, although it cannot be excluded
that hormonal exposition in previous
years might be important, estrogens are
unlikely to have a major role in this con-
text. At variance, androgens that are
known to activate the renin angiotensin
system (23) could have played a role in
modulating the detrimental effects of in-
sulin resistance and related abnormalities
on endothelial cells. Differences in life-
style between the two sexes, including
smoking, diet, and physical activity,
might also be implicated in the apparently
different results obtained.

Also, the biology of the association
between UAE and insulin resistance is not
clearly defined. There are several possible
explanations. First, it might be based on
compensatory hyperinsulinemia charac-
terizing insulin resistance, which may
stimulate renal sodium reabsorption,
leading to volume expansion, increased
adrenergic activity, and hypertension
(24-25). Worth noting, insulin resistance
could contribute to greater salt sensitivity,

increased glomerular pressure, and in-
creased UAE, as recently described in type
2 diabetic patients with microalbumin-
uria put on a high-salt diet (26). Thus,
although in our present series a correla-
tion between insulin resistance and blood
pressure was not detectable, likely be-
cause of the ongoing antihypertensive
treatment, one could speculate that the
difference in blood pressure level before
treatment was started may have played a
significant role in determining the associ-
ation between UAE and insulin resis-
tance. Second, several reports have
suggested that high triglyceride levels, a
typical feature of insulin resistance, rep-
resents an independent predictor of renal
damage in both type 2 diabetes (27) and
type 1 diabetes (28). In fact, in our sam-
ple, HOMA; values were significantly
correlated with serum triglycerides con-
centration. Increased formation of small
dense LDL, which have increased suscep-
tibility to oxidation, is a likely mechanism
through which triglycerides could initiate
endothelial damage and eventually in-
duce renal disease (27). Third, patients
with insulin resistance are likely to have
significantly worse metabolic control
(i.e., higher HbA, levels), which in fact
turned out to be the case in the cohort we
studied. This difference may have also
played a role in determining increased
UAE.

It is worth noting that UAE was also
associated with the presence of multiple
cardiovascular risk factors strictly related
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to insulin resistance, namely increased
waist circumference, arterial hyperten-
sion, and dyslipidemia. This association
may partly explain the well-established
association between increased UAE and
cardiovascular morbidity and mortality
(29-30) shown in type 2 diabetes.

We acknowledge that the HOMA
index used in our present study for mea-
suring insulin resistance is a surrogate of
the euglycemic-hyperinsulinemic clamp,
the gold standard technique for measur-
ing insulin sensitivity. However, the
clamp technique is not applicable to sev-
eral hundreds of patients. In addition, re-
cent reports have shown a strong
correlation between HOMA,; and eugly-
cemic-hyperinsulinemic clamp in both
nondiabetic (31) and type 2 diabetic indi-
viduals over wide ranges of fasting plasma
glucose (31-32), thus validating the use
of HOMA; for large epidemiological
studies.

It should be considered that our study
was conducted on referred patients;
therefore, results obtained cannot be ap-
plied to the whole diabetic population. A
similar limitation also affects previous re-
sults on this issue (4—5,7). In conclusion,
because of the large sample analyzed here,
we believe our present results add conclu-
sive evidence that in type 2 diabetic pa-
tients, UAE is strictly associated with
insulin resistance and related cardiovas-
cular risk factors. This association seems
to be stronger in men than in women.
Because of the possibility to treat insulin
resistance with several drugs (11-12) and
given the efficacy of this treatment in re-
ducing cardiovascular mortality (13) in
diabetic patients, our study suggests that
type 2 diabetic patients with increased
UAE could particularly benefit from treat-
ment for insulin resistance. In line with
this hypothesis, Bakris et al. (22) have re-
cently shown that rosiglitazone, an insu-
lin sensitizer, was effective in reducing
UAE in patients with type 2 diabetes. Fur-
ther prospective studies are needed to
better clarify the causative role of insulin
resistance on UAE and the possible clini-
cal relevance of this association.
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