
In the last few years western countries have experi-
enced a dramatic change in the prognosis of renal in-
volvement in non-insulin-dependent-diabetes melli-
tus (NIDDM), that was previously considered benign
[1]. The 1994 United States Renal Data System Re-
port indicated that 35% of patients entering renal
replacement therapy programmes were diabetic.
While the proportion of insulin-dependent diabetic

(IDDM) patients developing end-stage renal failure
(ESRF) remains stable over time, the prevalence of
NIDDM is increasing [2], probably because of its in-
creased incidence, due to the general aging of western
populations. The fact that these patients also survive
ischaemic heart disease more than in the past may
also contribute to a higher incidence of ESRF [1].

Diabetic nephropathy, characterized by persistent
proteinuria, is a well-known microvascular complica-
tion of both IDDM and NIDDM. However, in
NIDDM albuminuria does not correlate with impair-
ment of renal function and, in turn, ESRF is not asso-
ciated with albuminuric nephropathy in up to 54% of
patients [1].

It is thus under scrutiny whether ESRF in diabetes,
and particularly in NIDDM, can be considered a con-
sequence of microangiopathy alone [3].

Signs and symptoms of renal disease in a diabetic
patient do not necessarily reflect the typical diffuse
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Summary It is currently under debate whether the pa-
thogenesis of end-stage renal failure in non-insulin-
dependent diabetes mellitus (NIDDM) is a conse-
quence of microangiopathy alone. The aim of this
study was to investigate intrarenal arteriosclerosis
and its correlation with kidney function in NIDDM.
In 36 diabetic subjects, and in 10 age- and sex-match-
ed healthy control subjects we measured kidney vo-
lume and resistive index of the interlobar arteries by
duplex Doppler ultrasonography. Clinical and meta-
bolic parameters, renal function and vascular seque-
lae of the disease were also evaluated. In diabetic
subjects resistive index (median 0.72, range 0.54--
0.79) was higher than in control subjects (median
0.62, range 0.57--0.66) (2p < 0.002). Kidney volume
and resistive index correlated with age (p < 0.004),
body mass index (p < 0.001), mean blood pressure
(p < 0.001), total and LDL cholesterol (p < 0.01) and

creatinine clearance (p < 0.001 and < 0.01, respective-
ly). Kidney volume also correlated with HbA1
(p < 0.01) and resistive index with uric acid
(p < 0.01). Lower body macroangiopathy was associ-
ated with increased resistive index and reduced kid-
ney volume (2p < 0.05), while upper body macroan-
giopathy and microangiopathy were not. Our data
suggest that macroangiopathy rather than microan-
giopathy is mainly responsible for impairment of kid-
ney function in NIDDM. The resistive index of inter-
lobar arteries seems to be a reliable marker of intra-
renal arteriosclerosis and can be used as a non-inva-
sive, easily available parameter of its evolution. [Dia-
betologia (1998) 41: 121--124]
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or nodular diabetic glomerulosclerosis. Arterio-
sclerosis, tubulo-interstitial infections, or glomerulo-
pathies of diverse origins can be solely responsible
for the renal involvement in up to 24 % of NIDDM
patients with ESRF [1] or can be associated with the
typical diabetic albuminuric syndrome, as demon-
strated by morphology [1, 4].

Histological evidence of arteriosclerosis is com-
monly found in kidneys of patients with NIDDM [4],
but in the absence of reliable non-invasive techniques
to measure large vessel pathology in the kidney, prev-
alence, evolution and the relevance of the vascular ab-
normalities to renal function have not been defined.

The recent availability of duplex Doppler ultra-
sonography(DDU)hasprovidedarapidandnon-inva-
sive method with which to study the characteristics of
intrarenal blood flow [5]. The method permits the eva-
luation of changes in arterial impedance, as defined by
the intrarenal resistive index (RI), which is increased
in vascular and tubulointerstitial pathologies, while it
is not influenced by pure glomerular disease [6].

The aim of this study was to evaluate the relevance
of intrarenal macroangiopathy in the development
and/or the evolution of renal involvement in NIDDM.

Subjects and methods

Thirty-six NIDDM subjects entered the study (Table 1). All pa-
tients were treated with diet, supplemented by oral hypoglycae-
mic agents in 27 patients; 5 subjects were insulin-treated. Nine
subjects were treated for hypertension (2 patients received an-
giotensin-converting enzyme inhibitors, 2 calcium-entry block-
ers, 2 beta-adrenergic blockers, 3 alpha-1 receptor blockers).
We excluded patients with severely impaired renal function
(serum creatinine level above 177 mmol/l) or signs and symp-
toms of renal interstitial and tubular diseases characterized by
1) negative clinical history for acute and chronic urinary tract

infections; 2) immunologic, urologic, and metabolic diseases;
3) sickle cell disease; 4) hereditary diseases and/or drugs known
to affect interstitial and tubular functions; 5) negative urine mi-
croscopy and culture analysis; 6) normal urine osmolarity.

The presence of renal artery stenosis was excluded on the
basis of clinical findings (absence of drug-resistant or malig-
nant hypertension, hyponatriaemic hypertensive syndrome)
and of indirect ultrasonographic parameters. A group of 10
healthy volunteers, matched for age, sex and body mass index,
was used as control. Informed consent was obtained from all
subjects; the study was performed in accordance with the prin-
ciples of the 1975 Declaration of Helsinki. Blood pressure was
recorded at the time of the DDU examination and reported
as mean blood pressure:

MBP = systolic blood pressure +

systolicÿdiastolic blood pressure
3

Blood and urine samples, as summarized in Table 1, were ob-
tained within 1 week from the ultrasonographic examination.
Vascular abnormalities were evaluated as follows. Diabetic
retinopathy was detected by direct ophthalmoscopy and/or
fluorangiography. The patients were divided into two groups,
according to the absence of retinopathic alterations or the
presence of retinopathy, either background and/or prolifera-
tive. Diabetic nephropathy was defined according to the albu-
min-to-creatinine ratio on three urinary samples (A/CR, albu-
min/creatinine ratio). (Negative: < 2.38 for males, < 2.96 for fe-
males; positive: > 2.38 for males, > 2.96 for females). Serum
and urinary creatinine levels were determined by the JaffØ re-
action. Urinary albumin concentration was determined by a
commercial radioimmunoassay kit (Sclavo, Cinisello Balsamo,
Italy). Macroangiopathy was assessed by conventional
Doppler ultrasonography of extracranial arteries (upper body
macroangiopathy), and of posterior tibial and dorsalis pedis ar-
teries (lower body macroangiopathy) (Doppler CW Sonicaid
Vasoflow 2, 8 MHz, Chichester, West Sussex, United King-
dom). The presence of pathologic changes of the arterial wall
was inferred from the characteristics of the Doppler waveform
(negative: normal vessel wall, positive: arteriosclerotic chan-
ges). DDU of the renal interlobar arteries was performed
with a (Idea AU4, Esaote Biomedica (Genova, Italy) with a
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Table 1. Clinical and metabolic characteristics of subjects studied

NIDDM Control

Subjects (male/female) 36 (14/22) 10 (3/7)
Age (years) 61 ± 7 N. S. 59 ± 6
Known duration of diabetes (years) 12 ± 8
Body mass index (%) 29 ± 5 N. S. 28 ± 6
Mean blood pressure (mm Hg) 108 ± 9 N. S. 103 ± 7
Smokers 3/36 N. S. 1/10
Fasting blood glucose (mmol/l) 10.9 ± 4.5 2p < 0.05 4.8 ± 0.7
HbA1 (%) 6.35 ± 1.8 2p < 0.01 3.9 ± 1.7
Total cholesterol (mmol/l) 61.8 ± 11.6 N. S. 55 ± 6
HDL-Cholesterol (mmol/l) 11.9 ± 3.9 N. S. 12 ± 1.3
LDL-Cholesterol (mmol/l) 31.0 ± 12.7 N. S. 34 ± 4.7
Triglycerides (mmol/l) 22.5 ± 9.8 N. S. 19.3 ± 3.4
Uric acid (mmol/l) 299 ± 89 N. S. 268 ± 53.5
Creatinine (mmol/l) 89.7 ± 28.3 N. S. 70.7 ± 5.3
Creatinine clearance (ml/s) 1.71 ± 0.9 N. S. 1.75 ± 0.5
Albumin/creatinine ratio 5.5 ± 9 2p < 0.01 1.7 ± 0.8
Kidney volume (ml) 253 (153--340) N. S. 262 (219--282)
RI 0.72 (0.54--0.79) 2p < 0.002 0.62 (0.57--0.66)

Data are mean ± SD or median (range)



curved array transducer used at 3.5 MHz for imaging and
2.5 MHz for Doppler analysis. Renal volume was calculated
by a three-dimensional ellipsoid formula, derived from the cra-
nio-caudal, mediolateral and anteroposterior diameters [7].
The RI was calculated by the formula:

peak systolic valueÿ end diastolic value
peak systolic value

Three different measurements were obtained for each kidney
in different portions of the organ (upper, middle and lower
pole); the result represents the mean of the six measurements.
The coefficient of variation was 4 ± 1.4 %. Values of RI higher
than 0.7 were considered pathologic [5].

Statistical analysis. Data are presented as mean ± SD or median
and range, where appropriate. Statistical analysis was per-
formed with Student©s t -test and/or Mann-Whitney test, multi-
ple regression analysis and Pearson©s correlation test. Since the
multiple regression analysis indicated the age of the subjects as
the strongest influencing factor for both kidney volume (partial
F: 9.376, p < 0.004) and RI (partial F: 23.011, p < 0.0001) the cor-
relation coefficient was calculated after normalization for age.

Results

Clinical and metabolic characteristics of the subjects
are summarized in Table 1. The renal volume in dia-
betic patients was slightly but not significantly lower
than in control subjects (Table 1). It correlated with

age, body mass index, MBP, HbA1, total and LDL
cholesterol and creatinine clearance (Table 2).

Renal RI in the diabetic patients was significantly
higher than in control subjects (Table 1). In 22 out of
36 diabetic subjects (62%) the RI was higher than
0.7. RI correlated with age, body mass index, MBP,
uric acid, total and LDL cholesterol and creatinine
clearance (Table 2).

Sixteen of the 36 diabetic patients presented Dop-
pler examination positive for macroangiopathy of
the lower limbs, while the remaining 20 were
negative. The macroangiopathy-positive subjects
showed significantly higher RI (0.73 ± 0.05 vs
0.68 ± 0.07, 2p < 0.05) and reduced kidney volume
(230 ± 44 vs 265 ± 43, 2p < 0.05). The presence of
macroangiopathy of the upper body as well as of ret-
inal and renal microangiopathy was not associated
with differences of renal volume or RI (Table 2).

Microalbuminuria (A/CR) was not correlated
with renal volume, RI, or with any metabolic para-
meter.

Discussion

The kidneys of diabetic subjects present at least two
typical morphological features. The first is an early
increase in volume, which accompanies the increased
glomerular filtration rate, typically reported in
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Table 2. Kidney volume and resistive index (RI)

Correlation of clinical
and metabolic parameters

Kidney volume RI

Pearson©s r p Pearson©s r p

Body mass index 0.715 0.001 0.598 0.001
Mean blood pressure 0.728 0.001 0.561 0.001
Fasting blood glucose 0.287 N. S. 0.233 N. S.
HbA1 0.488 0.01 0.300 N. S.
Total cholesterol 0.499 0.01 0.578 0.01
HDL-Cholesterol 0.319 N. S. 0.034 N. S.
LDL-Cholesterol 0.451 0.01 0.474 0.01
Triglycerides 0.045 N. S. 0.174 N. S.
Uric acid 0.225 N. S. 0.495 0.01
Creatinine 0.025 N. S. 0.165 N. S.
Creatinine clearance 0.599 0.001 0.491 0.01
Albumin/creatinine ratio 0.138 N. S. 0.005 N. S.

Kidney volume and RI in subjects with and without micro and macroangiopathy

Kidney volume
(ml)

2p RI 2p

Microangiopathy
Kidney − (22) 246 ± 39 N. S. 0.697 ± 0.06 N. S.
(Albumin/creatinine ratio) + (14) 255 ± 57 0.703 ± 0.06
Retina − (20) 254 ± 49 N. S. 0.705 ± 0.06 N. S.
(fundus oculi) + (16) 245 ± 43 0.694 ± 0.08

Macroangiopathy (Doppler)
Upper body − (21) 255 ± 41 N. S. 0.690 ± 0.07 N. S.

+ (15) 242 ± 53 0.706 ± 0.07
Lower body − (20) 265 ± 42 < 0.02 0.676 ± 0.07 < 0.02

+ (16) 230 ± 44 0.728 ± 0.05



IDDM but also present in NIDDM. The second is a
late evolution of reduction in kidney volume that is
often reported in NIDDM and can be considered a
feature of ischaemic nephropathy [1].

In our diabetic subjects, although slightly reduced
on average, the kidney volume was not significantly
different from that of control subjects. Early nephro-
megaly could have been missed in this population,
since the average known duration of the disease was
12 years, while the progressive reduction in volume
was not yet evident since kidney function ranged
from normal to initial impairment. Nevertheless, the
correlation between kidney volume and creatinine
clearance indicates that the reduction of kidney vo-
lume proceeds in parallel with the impairment of renal
function. Furthermore, the correlation between kid-
ney volume and macroangiopathy risk factors -- body
mass index, MBP, total and LDL cholesterol -- strong-
ly suggests the ischaemic nature of the initial impair-
ment in renal function in some of our diabetic subjects.

Alterations of the intrarenal RI have been demon-
strated both in diabetic patients with detectable ne-
phropathy [8, 9], and in patients with normal renal
function [7].

Increased RI has been related to vascular, intersti-
tial and tubular nephropathies. The selection criteria
for diabetic patients entering this study excluded as-
sociated interstitial nephropathies and/or tubular dis-
eases.

The correlations between RI and macroangiopa-
thy risk factors such as body mass index, MBP, total
and LDL cholesterol, strongly suggest that intrarenal
arteriosclerosis is responsible for the increased RI.
This hypothesis is supported by the observation that
RI is significantly higher in subjects with macroangio-
pathy of the lower limbs.

RI correlates with creatinine clearance, indicating
that an increase of intrarenal vascular impedance pro-
ceeds in parallel with the impairment of renal function.

These correlations are of particular relevance,
since they are obtained in a cross-section study and
in a group of subjects with kidney function ranging
from normal to mildly impaired.

The increase of RI is not related to microalbumin-
uria, indicating, as already described, that the intrare-
nal impedance is not influenced by glomerulopathy
[6].

In accordance with previous studies, microalbumi-
nuria (A/CR) did not correlate with creatinine clear-
ance, indicating that the initial impairment of kidney
function in some of these subjects, is not due to the
diabetic microangiopathy.

Previous studies addressed the issue of possible re-
lations between diabetic nephropathy and RI, and
found that this parameter was mainly increased in pa-
tients with impaired renal function, while its relations
with microalbuminuria or overt proteinuria are under
debate [7--9].

Recently, Lam et al. [10] demonstrated that cho-
lesterol-lowering therapy retarded the progression
of nephropathy in NIDDM, reducing the rate of im-
pairment of kidney function, without affecting the al-
bumin excretion rate [10]. This finding can also be in-
terpreted as evidence for a major role for macroan-
giopathy in the evolution towards ESRF in NIDDM.

In our study, an RI higher than normal, suggestive
of initial arteriosclerosis, was demonstrated in 62%
of the diabetic subjects. The true incidence of intrare-
nal arteriosclerosis can be underestimated when inva-
sive techniques such as arteriography or biopsy are
used. In fact, arteriography visualizes only the most
advanced alterations of intrarenal arteries, while re-
nal biopsy identifies very initial lesions in a limited
area that can be unrepresentative of the whole organ.
Among the parameters obtained by DDU, RI is con-
sidered the most consistent and reproducible [5]. In
the present study the coefficient of variation of RI --
six measurements in different areas of both kidneys
for each subject -- was very small (4 ± 1.4%). The
consistency of the measurements indicates that RI al-
lows a global evaluation of intrarenal vascular impe-
dance. This non-invasive and easily available para-
meter will be of value in following the evolution of in-
trarenal arteriosclerosis in the individual patient and
in longitudinal studies.
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