
The increased mortality of patients with diabetic
nephropathy is mainly due to cardiovascular disease
and end stage renal failure. The relative mortality
from cardiovascular disease is on average increased
40-fold in Type I (insulin-dependent) diabetic pa-
tients with nephropathy compared with the general
population [1]. Abnormalities in well established
cardiovascular risk factors cannot fully account for
these findings. Increased left ventricular mass possi-
bly contributes to the increased cardiovascular risk
since left ventricular hypertrophy is an ominous
prognostic sign and an independent risk factor for
sudden death, ventricular dysrhythmia, myocardial
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Summary The increased mortality of patients with di-
abetic nephropathy is mainly due to cardiovascular
disease and end stage renal failure. Left ventricular
hypertrophy is an independent risk factor for myocar-
dial ischaemia and sudden death. The aim of our
cross-sectional study was to evaluate left ventricular
structure and function in Type I (insulin-dependent)
diabetic patients with diabetic nephropathy. M-mode
and Doppler echocardiography were done on 105
Type I diabetic patients with diabetic nephropathy
[61 men, age (means ± SD) 44 ± 9 years, and albu-
minuria [median(range)] 567(10±8188) mg/24 h, se-
rum creatinine 109 (53±558) mmol/l], and 140 Type I
diabetic patients with persistent normoalbuminuria
[79 men, 47 ± 10 years, urinary albumin excretion
rate 8 (0±30) mg/24 h, and serum creatinine 81
(55±121) mmol/l]. Patients with and without nephrop-
athy were comparable with respect to sex, body mass
index, and duration of diabetes. Arterial blood pres-
sure was slightly higher in patients with nephropathy:
140/79 ± 17/9 mm Hg vs 134/78 ± 15/8 mm Hg,
p < 0.01, and the majority of proteinuric patients re-

ceived antihypertensive drugs, 84 vs 17%, respective-
ly, p < 0.001. Left ventricular mass index was in-
creased in the nephropathic group (means ± SD)
100.6 ± 23.9 g/m2 compared with the normoalbumin-
uric group 91.4 ± 21.9 g/m2, p = 0.002. Left ventricular
hypertrophy was found more often in patients with
nephropathy 23 (14±31)% compared with patients
with normoalbuminuria 9 (5±14)%, p < 0.005. Dias-
tolic function, assessed by the ratio between the
peak diastolic velocity and the peak atrial systolic ve-
locity (E/A ratio) and isovolumic relaxation time,
was reduced in patients with vs without nephropathy:
1.17 ± 0.29 vs 1.34 ± 0.32, and 81.7 ± 16.5 vs 74.6 ±
14.5, p < 0.001 and p = 0.002, respectively. Systolic
function was about the same and normal in both
groups. Our study suggests that an increase in left
ventricular mass index and a decrease in diastolic
function occurs early in the course of diabetic neph-
ropathy. [Diabetologia (1999) 42: 76±80]
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ischaemia, coronary heart disease, and heart failure
[2].

The aim of our cross-sectional case control study
was to evaluate left ventricular structure and function
in Type I diabetic patients with and without diabetic
nephropathy.

Subjects, materials and methods

Patients. During the year 1993, 198 Type I diabetic patients
with diabetic nephropathy who had had their glomerular filtra-
tion rate measured during the same year were recruited from
the out-patient clinic at Steno Diabetes Center [3,4]. Diabetic
nephropathy was diagnosed based on the following criteria:
persistent albuminuria greater than 300 mg/24 h in at least
two of three consecutive 24 h urine collections, presence of re-
tinopathy and no clinical or laboratory evidence of kidney or
renal tract disease other than diabetic glomerulosclerosis, as
described previously [5]. As control subjects we selected 190
patients with longstanding Type I diabetes and persistent nor-
moalbuminuria. By the year 1997 sixteen patients had died
and nine had emigrated, thus we invited the remaining 363 pa-
tients to participate in the present echocardiographic study.
The invitation was accepted by 296 patients. In 18 patients
echocardiographic examination could not be done due to tech-
nical difficulties, 19 patients had ischaemic or valvular cardiac
disease while 14 patients had additional reasons for circulatory
volume overload, i. e. end stage renal failure therapy or preg-
nancy. These 51 patients were younger (41.8 ± 10.2) years,
p < 0.001, but did not differ from the patients participating in
this study with respect to sex, duration of diabetes or preva-
lance of hypertension. All of these patients were excluded
from the study and 245 Type I diabetic patients remained.
The study was approved by the local ethics committee and all
patients gave fully informed consent.

Echocardiography. M-mode and pulsed Doppler echocardiog-
raphy was carried out according to the recommendations of
the American Society of Echocardiography [6] using a Ving-
medCFM725 equipped with a 3.25 MHz transducer. M-mode
was recorded guided by a two-dimensional image in the pa-
rasternal long axis.

The following M-mode variables were measured: left ven-
tricular end-diastolic diameter (LVDD) and end-systolic diam-
eter (LVDS), ventricular septum thickness (STD) and posteri-
or wall thickness in diastole (PWTD). Left ventricular mass
(LVM) was calculated according to the Penn formula:
1.04[(STD + LVDD + PWTD)3 ± (LVDD)3] ± 13.6 [7]. Left
ventricular mass index (LVMI) was calculated by dividing
LVM by the body surface area. Left ventricular hypertrophy
was considered present if LVMI was greater than 131 g/m2 in
men and 100 g/m2 in women, respectively [8]. Systolic function
was assessed by fractional shortening (FS) of the left ventricle
calculated by using the following equation: [(LVDD ± LVDS)/
LVDD] ´ 100. Left ventricular wall motion was inspected in
each of the 16 segments defined by the American Society of
Echocardiography [6]. Diastolic function was assessed by stan-
dard Doppler echocardiography done in the apical four cham-
ber view. Left ventricular in-flow signals were obtained in the
pulse mode by placing the sample volume between the mitral
leaflets and adjusting the position until the highest peaks of di-
astolic velocity were obtained. The peak early diastolic veloci-
ty (PE), the peak atrial systolic velocity (PA), and E/A ratio
were determined from transmitral flow velocity. The isovolu-

mic relaxation time (IVRT) was measured from aortic valve
closure to mitral valve opening. All measurements were aver-
aged over five cycles. Echocardiography was done by one ex-
perienced investigator who was not aware of the clinical data.
Intraobserver error was less than 5 %.

Clinical measurements. In the outpatient clinic arterial blood
pressure was measured in sitting position after 10 min rest
with a standard sphygmomanometre and an appropriately
sized cuff. Diastolic blood pressure was recorded at the disap-
pearance of the fifth phase of the Korotkoff sounds. The
mean of all office recordings of blood pressures measured in
each patient during the last 6 months before the study was
used [median(range), n = 2 (1±9)]. Hypertension was consid-
ered to be present when arterial blood pressure was persistent-
ly greater than 160/95 mm Hg or when patients received blood
pressure lowering drugs (WHO criteria). Low dose diuretics
given for oedema exclusively were not considered as antihy-
pertensive drugs. Retinopathy was assessed by fundus photog-
raphy after pupillary dilatation and graded: nil, simplex or pro-
liferative diabetic retinopathy. Autonomic neuropathy was as-
sessed by beat-to-beat variation. R-R intervals were recorded
during deep breathing and measured with a ruler. The beat-
to-beat variation in the individual respiratory cycle was calcu-
lated as the difference between maximal and minimal heart
rate [9].

Laboratory measurements. Urinary albumin concentration was
measured using an enzyme immunoassay method [10] and ex-
pressed as the median of all 24 h collections [n = 2 (1±9)] ob-
tained during 6 months before the echocardiographic exami-
nation. HbA1 c was measured by HPLC (Bio Rad DIAMAT,
Richmond, Calif., USA) (normal range 4.3±6.2 %) and serum
creatinine, haemoglobin, total cholesterol, HDL-cholesterol
and triglyceride concentrations were measured by standard
laboratory technique.

Statistical analysis. Normally distributed variables are given as
means ± SD. Urinary albumin excretion rate, serum creati-
nine, and triglyceride concentration were log transformed be-
fore statistical analysis because of their positively skewed dis-
tribution and given as medians (range). Comparisons between
groups were done by an unpaired Student's t-test or analysis
of variance (ANOVA). Frequencies are given as percentage
and 95 % confidence interval. Non-continuous variables were
compared with a Chi-square test. A p-value (two-tailed) less
than 0.05 was considered statistically significant.

Multiple linear regression analysis was carried out with
stepwise backwards selection introducing all variables showing
association with LVMI in the univariate analysis (p < 0.1) and
sex. All calculations were made with commercially available
programmes, (Statgraphics, STSC, Rockville, Md., USA).

Results

The group of patients with nephropathy and the nor-
moalbuminuric group were comparable with respect
to sex, BMI, and duration of diabetes, but patients in
the normoalbuminuric group were on average 3 years
older. Clinical and laboratory data of all patients are
shown in Table 1. Some patients (n = 33) with previ-
ously persistent macroalbuminuria had a urinary al-
bumin excretion rate below 300 mg/24 h at the time
of investigation due to ongoing antihypertensive
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treatment. Nephropathic patients had a slightly in-
creased systolic blood pressure, and in addition raised
serum creatinine and HbA1 c, while haemoglobin con-
centrations were lower compared with patients with
normoalbuminuria. The frequency of antihyperten-
sive treatment was higher in these patients. Treat-
ment with an angiotensin converting enzyme inhibi-
tor was predominant (62 %) often in combination

with calcium channel blockers (23%) or beta-block-
ers (14%), prescribed for patients with nephropathy
while only 5 normoalbuminuric patients were treated
with the latter antihypertensive drugs. Finally the
resting heart rate was increased and beat-to-beat
variation during deep breathing decreased in the
nephropathic vs the normoalbuminuric group, 80 ±
10 vs 75 ± 15 beats/min and 9 ± 7 vs 15 ± 9 beats/min,
p < 0.01 and p < 0.001, respectively.

In all patients the left ventricle contracted sym-
metrically and showed no sign of focal hypokinetic
segments.

LVMI was higher in patients with diabetic nephro-
pathy 100.6 ± 23.9 g/m2 compared with normoalbu-
minuric patients 91.4 ± 21.9 g/m2, p = 0.002. In addi-
tion, the prevalence of LVH was considerably in-
creased in patients with nephropathy 23 (14±31)%
vs 9 (5±14)% in normoalbuminuric Type I patients,
p < 0.005. Both increased STD and PWTD contribute
to the increased LVM seen in nephropathic patients
(Table 2.). Exclusion of patients with diabetic neph-
ropathy who due to ongoing antihypertensive medi-
cation had a urinary albumin excretion rate below
300 mg/24 h did not alter the results: LVMI was
105.0 ± 23.3 g/m2 in the remaining nephropathic pa-
tients, p < 0.0001 compared with the normoalbumin-
uric group.

When men and women were analysed separately,
patients with nephropathy had a higher LVMI com-
pared with patients of the same sex in the normoalbu-
minuric group, 106.7 ± 21.1 vs 99.2 ± 20.2 g/m2 for
men, p < 0.05 and 92.2 ± 25.3 vs 81.4 ± 19.8 g/m2 for
women, p < 0.05. In patients with nephropathy the
LVMI was similar in patients with serum creatinine
concentrations above [165(111±558) mmol/l] vs below
[87(53±109) mmol/l], the median value being 102 ± 27
g/m2 vs 99 ± 20 g/m2, respectively (NS). Furthermore,
there was hardly a difference in the number of neph-
ropathic patients with LVH and either a normal or in-
creased serum creatinine concentration ( > 109 mmol/
l), 9 vs 15 had LVH respectively, p = 0.25. Patients
with nephropathy and LVH had a higher systolic
blood pressure 151 ± 20 vs 137 ± 14 mmHg and serum
creatinine concentration 132(64±558) vs 105(53±349)
mmol/l (p < 0.01) compared with nephropathic pa-
tients with normal left ventricular mass, while age,
duration of diabetes, metabolic control and urinary
albumin excretion rate were similar in patients with
and without LVH.

Sex, age, blood pressure, log10(urinary albumin ex-
cretion rate), and log10(creatinine) were associated
with LVMI in univariate regression analyses, while
duration of diabetes, BMI, HbA1c, lipids, haemoglo-
bin, and insulin dosage were not (data not shown). A
multiple linear regression analysis with backwards se-
lection showed that only systolic blood pressure and
male sex were independent risk factors for LVMI in
patients with diabetic nephropathy (r2 = 0.34).
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Table 1. Clinical and laboratory characteristics of Type I dia-
betic patients with and without diabetic nephropathy

Normo-
albuminuria
(n = 140)

Diabetic
nephropathy
(n = 105)

p -value

Sex (men/women) 79/61 61/44 NS

Age (years) 47 ± 10 44 ± 9 0.02

Duration of diabetes
(years) 27 ± 9 28 ± 8 NS

BMI (kg/m2) 24 ± 3 24 ± 3 NS

HbA1c (%) 8.4 ± 0.9 9.3 ± 1.2 < 0.001

Systolic blood pressure
(mmHg) 134 ± 15 140 ± 17 < 0.01

Diastolic blood pressure
(mmHg) 78 ± 8 79 ± 9 NS

Prevalence of anti-
hypertensive treatmenta 17 (11±23) 84 (77±91) < 0.001

Urinary albumin
excretion rate (mg/24 h)b 8 (0±33) 567 (10±8188) ±

Serum creatinine (mmol/l)b 81 (55±121) 109 (53±558) < 0.001

Total cholesterol (mmol/l) 5.0 ± 0.7 5.6 ± 1.2 < 0.001

HDL cholesterol (mmol/l) 1.7 ± 0.5 1.5 ± 0.5 0.01

Triglyceride (mmol/l)b 0.8 (0.4±2.1) 1.2 (0.4±8.8) < 0.001

Haemoglobin (mmol/l) 8.8 ± 0.8 8.2 ± 0.9 < 0.001

Insulin dosage (IU/day) 42 ± 13 43 ± 12 NS

Retinopathy
Nihil 51 0

< 0.001

Simplex 68 24
Proliferative 21 81

means ± SD, a % (95 % CI), b median (range)

Table 2. Left ventricular structure and function in Type I dia-
betic patients with and without diabetic nephropathy

Normo-
albuminuria
(n = 140)

Diabetic
nephropathy
(n = 105)

p -value

LVDD (mm) 49.7 ± 4.7 48.7 ± 4.6 0.07
LVDS (mm) 29.6 ± 4.0 28.4 ± 4.4 0.03
STD (mm) 8.6 ± 1.3 9.3 ± 1.6 < 0.001
PWTD (mm) 8.6 ± 1.2 9.2 ± 1.3 < 0.001
LVM (g) 173.0 ± 49.5 185.7 ± 49.6 0.05
LVMI (g/m2) 91.4 ± 21.9 100.6 ± 23.9 0.002
FS (%) 41 ± 5 42 ± 6 0.12
PE (cm/s) 88 ± 14 87 ± 18 NS
PA (cm/s) 69 ± 14 77 ± 15 < 0.001
E/A ratio 1.34 ± 0.32 1.17 ± 0.29 < 0.001
IVRT (ms) 74.6 ± 14.5 81.7 ± 16.5 0.002

means ± SD



Patients with diabetic nephropathy had a notice-
ably reduced diastolic function, assessed by E/A ratio
and IVRT compared with patients with normoalbu-
minuria, while systolic function, assessed by fraction-
al shortening, was normal and about the same in the
two groups (Table 2). A negative, albeit weak, corre-
lation between E/A ratio and LVMI was found over-
all (r = ±0.13, p = 0.04), no relation was found among
patients with nephropathy. The E/A ratio was lower
(1.10 ± 0.25) in nephropathic patients with a serum
creatinine concentration above the median
(109 mmol/l) compared with patients with nephropa-
thy and a serum creatinine below the median value
(1.23 ± 0.31), p = 0.03. In the nephropathic group an
inverse correlation between E/A ratio and log10(crea-
tinine) was found, r = ±0.29, p < 0.005. In nephro-
pathic patients with impaired beat to beat variation
( < 15 beats/min) the E/A ratio was reduced (1.14 ±
0.26) compared with patients with preserved auto-
nomic function (1.36 ± 0.38), p = 0.004, whereas
IVRT did not differ significantly (p = 0.17), in pa-
tients with and without autonomic dysfunction,
82.5 ± 16.4 vs 75.5 ± 15.8 ms, respectively.

Discussion

Our cross-sectional cohort study showed an increased
LVMI and a higher prevalence of LVH in Type I pa-
tients with diabetic nephropathy compared with pa-
tients with normoalbuminuria and although the
mean value of LVMI was still within the normal
range, its increase was particularly due to a thicker
septal and posterior wall. The increased LVMI and
the prevalence of LVH occurred early in the course
of diabetic kidney disease. Multiple linear regression
analysis showed that increased systolic blood pres-
sure and male sex were independent predictors of
LVMI in the nephropathic group. Also, patients with
nephropathy had impaired diastolic function while
systolic function was normal and about the same in
the two groups.

Structural and functional abnormalities were de-
scribed in 17 Type I diabetic patients with diabetic
nephropathy [11, 12]. An increased septal and poste-
rior wall thickness was noted in addition to an in-
creased LVM. Another study found isolated intraven-
tricular septal hypertrophy in persistently albuminu-
ric Type I patients (n = 12) with normal serum creati-
nine, while both septal wall thickness and LVM were
increased in patients (n = 8) with diabetic nephropa-
thy and impaired renal function [13]. Concentric left
ventricular hypertrophy was said to be present in
50% of 116 diabetic patients entering dialysis [14].
On the contrary, no correlation between left ventricu-
lar muscle mass index and a diabetic complication in-
dex was detected, scoring nephropathy, retinopathy
and cardiac autonomic neuropathy as one variable

[15]. In this study of 105 Type I diabetic patients
with nephropathy that had not yet reached end stage
renal failure, 23% of the patients had left ventricular
hypertrophy. Our data suggest that hypertrophy of
the left ventricle occurs early in the course of diabetic
nephropathy, since LVMI and the prevalence of LVH
is equally increased in the group of nephropathic pa-
tients with a serum creatinine below or above the me-
dian value (109 mmol/l). Whether this early increase
in LVMI will eventually progress to established LVH
remains to be clarified.

This study confirms and extends previous studies
showing a positive correlation between LVM and
blood pressure in Type I diabetic patients who are
not taking blood pressure lowering drugs [13] or
treated with diuretics [11]. This relation exists al-
though the majority of nephropathic patients receiv-
ed aggressive antihypertensive treatment. Since hy-
pertensive patients with renal dysfunction due to dia-
betic nephropathy frequently are non-dippers and
therefore lack the normal decline in blood pressure
during night time, we may well have overlooked a
nocturnal blood pressure effect.

The observation, that left ventricular diastolic di-
mension was not increased implies that volume over-
load does not have a major role in the pathogenesis
of LVH in diabetic nephropathy. LVH is known to
be influenced by several nonhaemodynamic factors
that may also increase coronary damage, these in-
clude obesity and increasing age [16], increased blood
viscosity [17], high salt intake [18], and insulin resis-
tance [19]. In our study, the two groups of Type I dia-
betic patients were on an ordinary diabetic diet with-
out salt restriction and on similar dosages of insulin.
We did not measure blood viscosity or insulin sensi-
tivity. Sodium-lithium erythrocyte countertransport
is enhanced in diabetic nephropathy [20, 21] and this
abnormality has been suggested to be associated
with LVH [22].

Patients with diabetic nephropathy had a poorer
metabolic control compared with patients with nor-
moalbuminuria which is in agreement with previous
studies [23]. Given this reflects a persistently higher
glucose concentration over several years this meta-
bolic abnormality might contribute to the develop-
ment of increased LVMI in Type I patients with neph-
ropathy; however, no correlation between actual
measured HbA1 c and LVMI was found.

Originally diastolic dysfunction was said to occur
early in the course of diabetic nephropathy and fre-
quently in the absence of left ventricular systolic im-
pairment [24] which was later confirmed [15, 25].
The findings of a reduced E/A ratio and an increased
PA filling velocity together with a prolonged IVRT is
in accordance with observations of abnormal relax-
ation seen in patients with another disease of the my-
ocardium, early cardiac amyloidosis [26] and in dia-
betic patients with early persistent proteinuria and

A.Sato et al.: Left ventricular hypertrophy in diabetic nephropathy 79



normal kidney function [24]. In addition, our data
suggest impaired or abolished autonomic function as
a potential contributor to impaired diastolic function.
It is unlikely that our findings of impaired diastolic
function among patients with nephropathy can be as-
cribed to ongoing antihypertensive therapy, since the
use of medications with potential beneficial effect on
diastolic function is much more common in the neph-
ropathic group.

Left ventricular systolic function is not impaired
until late in the progression of overt diabetic nephr-
opathy [12, 14, 24] and thus was not found among
our study subjects with well preserved kidney func-
tion.

In a prospectively followed cohort of 116 diabetic
patients on dialysis increased LVMI was frequent
and found to be associated with a higher mortality
rate [14]. Therefore, our findings of increased LVMI
and impaired diastolic function rather early in the
course of diabetic nephropathy in Type I diabetic pa-
tients might contribute to the excess cardiac mortality
characteristically found in this group of patients.
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