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Influence of proteinuria on vascular disease, blood pressure, and
lipoproteins in insulin dependent diabetes mellitus

PETER H WINOCOUR, PAUL N DURRINGTON, MONICA ISHOLA, DAVID C ANDERSON,
HAROLD COHEN

Abstract

Patients with insulin dependent diabetes mellitus who develop
proteinuria may die prematurely, whereas those who do not
develop this complication have a comparatively normal life span.
The excess mortality in diabetics with proteinuria is from
cardiovascular as well as renal disease, but the reason is unclear.
Risk factors for vascular disease were therefore assessed in 22
insulin dependent diabetics with proteinuria, but not renal
failure, who were matched for sex, age, duration ofdiabetes, and
glycated haemoglobin (HbA,) values with a similar number who
had normal urinary albumin excretion rates.
Macrovascular disease (ischaemic heart disease and peripheral

vascular disease) was present in 10 patients with proteinuria but
in only three with normal albumin excretion rates, and prolifera-
tive retinopathy was detected in 11 and four patients in the two
groups. There was no significant excess of smokers in the group
with proteinuria. Blood pressure was, however, higher in the
patients with proteinuria-mean systolic pressure 161 (SD 18)
mm Hg compared with 135 (19) mm Hg (95% confidence interval
of difference between means 15 to 38 mm Hg); mean diastolic
pressure 90 (SD 12) mm Hg compared with 79 (15) mm Hg
(confidence interval 3 to 19mm Hg). The concentration of serum
high density lipoprotein (HDL) cholesterol isolated by precipita-
tion was lower in the patients with proteinuria (confidence
interval 0-02 to 0-41 mmol/l). Their concentration of HDL2
cholesterol isolated by ultracentrifugation was also decreased
(confidence interval 0-02 to 0-40 mmol/l), whereas HDL3
cholesterol tended to be increased (confidence interval -0-01 to
0-23 mmol/l). There was also a trend for serum cholesterol
concentrations to be higher in the presence of proteinuria
(confidence interval -0-39 to 1-20 mmol/1).
The aggregation of risk factors for atherosclerosis in insulin

dependent diabetes mellitus complicated by proteinuria helps to
explain the increased prevalence of ischaemic heart disease
and peripheral vascular disease reported in these patients.
Early renal disease in insulin dependent diabetes may have
an important role in hypertension and altered lipoprotein meta-
bolism.

Introduction

Accelerated atherogenesis and premature cardiovascular mortality
are recognised complications of diabetes.' Epidemiological studies
suggest that in both insulin dependent and non-insulin-dependent

University of Manchester Department of Medicine, Hope Hospital, Man-
chester

PETER H WINOCOUR, MB, mRCP, research fellow in diabetes
DAVID C ANDERSON, MD, FRCP, professor of medicine (endocrinology) and

honorary consultant physician
HAROLD COHEN, MD, FRCP, consultant physician

University of Manchester Department of Medicine, The Manchester Royal
Infirmary, Manchester

PAUL N DURRINGTON, MD, FRcp, senior lecturer in medicine and
honorary consultant physician

MONICA ISHOLA, BSC, research technician

Correspondence to: Dr Paul N Durrington, University Department ofMedicine,
Royal Infirmary, Manchester M13 9WL.

diabetes there is an excess risk of macrovascular disease.'-1 The
determinants of risk of ischaemic heart disease in the general
population are cigarette smoking, hypertension, and serum low
density lipoprotein (LDL) and high density lipoprotein (HDL)
cholesterol concentrations.67 These risk factors operate in diabetes
but provide only a partial explanation for the greatly increased
likelihood ofischaemic heart disease. '- Indeed, in insulin dependent
diabetes mellitus the serum LDL cholesterol concentration tends to
be normal or low and HDL cholesterol normal or high.83 On the
other hand, there is evidence for an abnormal lipid rich LDL or
intermediate density lipoprotein in this type of diabetes'3 1' and,
though disputed, there may be alterations in the distribution
of serum HDL subtractions.'315'-1 The relevance of either of these
abnormalities to the development of atherosclerosis in insulin
dependent diabetes mellitus has yet to be established. The observa-
tion from multivariate analyses, however, that serum triglycerides
-which are not an independent risk factor in the general popula-
tion'9-make a greater contribution to the risk of atherosclerosis in
diabetes than does cholesterol202' might suggest that abnormalities
of intermediate density lipoprotein or HDL are important, as both
are products of the metabolism of triglyceride rich lipoproteins.22

Despite our present inability clearly to define the risk of
cardiovascular disease in diabetes in terms of serum lipoprotein
values, particularly in insulin dependent disease, it is established
that proteinuria, which develops in nearly half of patients with
insulin dependent diabetes mellitus,23 is an important determinant
of premature death.23 25 Thus in one study 49% of patients with
insulin dependent disease who developed proteinuria were reported
to have died within seven years.23 Though many of these deaths are
attributable to uraemia, ischaemic heart disease is also a significant
cause.25 Patients who do not develop proteinuria resemble more

closely the general population with regard to survival.23 In primary
proteinuric states (other than minimal change glomerulonephritis),
even in the absence of severe decreases in glomerular filtration,
alterations in serum lipoprotein concentrations occur'6 which may
contribute to accelerated atherogenesis.2' We therefore considered
it important to establish the prevalence of macrovascular morbidity
and risk factors for atherosclerosis in patients with insulin
dependent diabetes mellitus and proteinuria, but not severe renal
failure, by comparing them with patients who had not developed
proteinuria.

Subjects and methods

With approval from the Salford area ethical committee 203 insulin
dependent diabetics were evaluated as part of an initial assessment before
entry to a large study of home blood glucose monitoring. Among these, 22
subjects (20 men) were identified with clinical nephropathy (persistent
proteinuria of >0-5 g/day) but well preserved creatinine clearance (>40 ml/
min/l -73 m2)). These patients were matched in order ofimportance for sex,
age, duration of diabetes (to within five years except in three cases), and
concentration of glycated haemoglobin (HbA,) (to within 1% except in one
case) with 22 insulin dependent diabetics out of 140 with normal albumin
excretion rates. The urinary protein output and albumin excretion rate of
those with clinical nephropathy were 1-35 (0-4-4-5) g/24 h (geometric mean
(range)) and 452-5 (213-0-961-4) ,ug/min, respectively, whereas the corre-

sponding values for the matched control group were 0- 1 (0 05-0-3) g/24 h
and 5-3 (2-9-9-6) jig/min. The patients with clinical diabetic nephropathy
had been diabetic for at least seven years with persistent proteinuria for a

minimum of six months. None had any history or findings suggestive of non-
diabetic renal disease. All subjects studied were considered to be insulin
dependent, and 37 (84%) had at least one previous documented episode of
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ketoacidosis. None of the subjects was taking drugs other than insulin
known to affect lipoprotein metabolism or renal function. All patients were

taking their usual diabetic diet, about 40% of their dietary energy coming
from carbohydrate. Nospecific advice had been given about modifying the
fat or fibre content of their diet and no patient was consuming more than
100 g dietary protein daily.

All participants were interviewed and examined by one of us (PHW)
before evaluation of their renal function. Microvascular and macrovascular
disease and tobacco and alcohol consumption were assessed. Background
and proliferative retinopathy were sought by funduscopy after pupillary
dilatation. Blood pressure was measured with a standard sphygmomano-
meter, and after a five minute rest, lying supine and seated at angles of45 and
90 degrees. The mean of the three recordings was used in the analyses.
Resting 12 lead electrocardiography was carried out. Ischaemic heart disease
was classified as a history of myocardial infarction (relevant clinical history
with positive electrocardiographic and cardiac enzyme evidence), typical
angina pectoris (exertional central chest pain relieved by glyceryl trinitrate),
or pronounced Q wave abnormalities or T wave inversion and ST segment

depression, or both (Minnesota codes 1-1, 1-2, 8-1, 8-3). Definite peripheral
vascular disease was diagnosed by a history of intermittent claudication
associated with one or more absent foot pulses.

Blood was taken before the morning dose of insulin after patients had
fasted overnight for 10-12 hours. Fasting blood glucose concentration was

measured by a glucose oxidase method (Yellow Springs analyser; Clandon
Scientific, United Kingdom) and HbAl by ion exchange chromatography
(Boehringer, Mannheim, West Germany). Fasting serum cholesterol and
triglyceride concentrations were measured enzymatically, cholesterol by
using reagent supplied by Diamed AG (Murten, Switzerland), and tri-
glycerides by the GPO peroxidase antiperoxidase method (Boehringer,
Mannheim). To isolate HDL and HDL3 by ultracentrifugation the back-
ground density ofplasma was adjusted to 1063 and 1125 g/l, respectively, by
adding a sodium chloride-potassium bromide solution.28 The infranatants
were obtained by tube slicing (Spinco tube slicer; Beckman Instruments,
Palo Alto, California) after ultracentrifugation at 100 000 g for 48 hours
(Superspeed 65 ultracentrifuge with an 18x6 5 ml sample rotor; MSE,
Crawley, Sussex). HDL was also isolated by precipitation of other lipo-
proteins with sodium phosphotungstate and magnesium chloride.29 The
concentration of cholesterol in HDL2 was determined by subtracting HDL3
cholesterol from total HDL cholesterol determined by ultracentrifugation. 16
LDL cholesterol was calculated from determinations of total serum

cholesterol and triglycerides and from the HDL cholesterol concentration
estimated by ultracentrifugation.' Serum apolipoprotein B concentrations
were determined by immunoelectrophoresis using goat antiserum (Immuno;
Dunton Green, Kent).3'
Serum biochemical profile and urinary creatinine clearance were deter-

mined with a multichannel autoanalyser. Urinary albumin concentration
was determined by an enzyme linked immunosorbent assay (ELISA; upper

limit of normal 15 jig/min),52 and total urinary protein by turbidimetry
using benzethonium chloride routinely used in our laboratory (lower limit of
detection 0-05 g/l). Creatinine clearance (corrected for body surface area),
albumin excretion rate, and urinary protein excretion were calculated from
24 hour urine collections.

Statistics-The data in the two groups were compared by unpaired
Student's t test for normally distributed variables or Wilcoxon's sum rank
squares test if non-Gaussian. The significance of the prevalence of micro-
vascular and macrovascular disease was assessed by Fisher's two sided exact

test.

Results

The groups with proteinuria and normal albumin excretion rates were

similar with regard to age, age at onset and duration of diabetes, body mass

(Quetelet's) index, and insulin dose (table I). There was no excess ofsmokers
or difference in alcohol consumption in those with proteinuria. Glycaemic
control (as assessed by fasting blood glucose and HbA, values) and serum

albumin concentrations were similar in the two groups. The patients with
proteinuria had on average moderately increased serum urea (p<0 02) and
creatinine (p<0 005) concentrations. Their creatinine clearance was not

reduced significantly (table I).
Macrovascular disease (ischaemic heart disease or peripheral vascular

disease, or both) was significantly more prevalent in patients with protein-
uria (p<0.05) (table II). Retinopathy was present in 15 patients in each
group, but proliferative retinopathy was more frequent in those with
protemuria (p<0 05). Systolic and diastolic blood pressures were higher in
the patients with proteinuria (p<0000l and p<O02, respectively).

Concentrations of serum cholesterol, serum triglycerides, LDL choles-
terol, and apolipoprotein B and the mass ratio of LDL cholesterol to

apolipoprotein B tended to be higher in patients with proteinuria but
without reaching levels of significance, though the increased total serum

TABLE I-Characteristics ofinsulin dependent diabetics with normal albumin excretion
rate or proteinuria. Except where stated otherwise values are means with SD in
parentheses

Normal albumin
excretion rate Proteinuria

No (sex) of patients 22 (20 M, 20 F) 22 (20 M, 2 F)
Age (years) 44 2 (13 6) 43-7 (13-7)
Age at onset of diabetes (years) 25-2(13 6) 23-8(14-4)
Duration of diabetes (years) 19-1 (8-4) 20-0 (8*5)
Body mass (Quetelet's) index 24-1 (3-3) 25-1 (3 7)
Insulin dose (units/day) 51 (14) 56 (18)
No of smokers 6 8
Median weekly alcohol consumption (g) (range) 48 (0-240) 64 (0-640)
Median fasting blood glucose (mmol/l) (range) 11-4 (30-26-7) 9-6 (1-3-24-5)
HbAI(%) 8-9(1-5) 8-7(1 0)
Serum urea (mmol/l) 5 6 (1 5) 7-2 (2 5)*
Serum creatinine (Kmol/l) 91 (12) 112 (30)**
Creatinine clearance (ml/min/-73 m2) 105 (29) 92 (34)
Serum albumin (g/l) 43 (2) 42 (3)

* p<002. ** p<0005.

TABLE II-Clinical features of insulin dependent diabetics with normal albumin
excretion rate or proteinuria

Normal albumin
excretion rate Proteinuria

No with macrovascular disease (ischaemic heart disease
or peripheral vascular disease, or both) 3 10*

No with ischaemic heart disease 2 8*
No with peripheral vascular disease 2 8*
No with background retinopathy 11 4*
No with proliferative retinopathy 4 11*
Mean systolic blood pressure (mm Hg) (SD)t 135 (19) 161 (18)***
Mean diastolic blood pressure (mm Hg) (SD)1 79(15) 90 (12)**

*p<0.05. **p<0o02. ***p<0o0001.
t 95% Confidence interval of difference between means 15 to 38 mm Hg.
t 95% Confidence interval of difference between means 3 to 19 mm Hg.

TABLE III-Lipids and lipoproteins in insulin dependent diabetics with normal albumin
excretion rate or with proteinuria. Except where stated otherwise values are means with
SD in parentheses

Normal albumin
excretion rate Proteinuria

Triglycerides (mmol/l) (geometric mean
(range)) 1-27 (0-68-2 39) 1-48 (0-81-2 70)

Cholesterol (mmol/l)t 5-51 (1-25) 6-13 (1-44)
LDL cholesterol (mmol/l) 3-39 (1-17) 3-84 (1-52)
Apolipoprotein B (mg/dl) 1071(36-1) 1111 (31-6)
LDL cholesterol/apolipoprotein B* 1 31 (0-49) 1-42 (0-62)
HDLU, cholesterol (mmolIl) 1-49 (0-39) 1-38 (0 26)
HDLp, cholesterol (mmol/l)f 1-46 (0-37) 1 24 (0-25)**
HDL3,c cholesterol (mmolAI)S 0-69 (0-21) 0-79 (0 22)
HDL2,,c cholesterol (mmol/l)l 0-80 (0-35) 0-59 (0 27)**
HDLUc/LDLUC cholesterol 0 50(0-23) 0-42(0 20)

HDL,, Refers to ultracentrifugation data. HDLp, Refers to precipitation data.
*LDL cholesterol converted to mg/dl for calculation of ratio.
** p=0 03.
t 95% Confidence interval -0 39 to 1-20 mmol/l.
t 95% Confidence interval 0-02 to 0-41 mmol/l.
5 95% Confidence interval -0-01 to 0-23 mmol/l.
¶ 95% Confidence interval 0-02 to 0 40 mmol/l.

cholesterol concentration was close (p<0 1; 95% confidence interval -039
to 1-20 mmol/l) (table III).

Total HDL cholesterol concentrations did not differ significantly when
isolated by ultracentrifugation, but the value was decreased in patients with
proteinuria when precipitation was used (p=0 03). There was also a

significant reduction in the concentration of cholesterol in the HDL2
subtraction determined by ultracentrifugation (p=0.03) with a suggestively
higher concentration of cholesterol transported in HDL3 (p=0-08; 95%
confidence interval -0-01 to 0-23 mmol/l) in patients with proteinuria.

Discussion

We have shown in a case-control study that insulin dependent
diabetics with proteinuria, even in the absence of renal failure, have
a higher prevalence of atherosclerotic disease than do those with a
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normal albumin excretion rate and renal function. This was
associated with significantly higher systolic and diastolic blood
pressure and reduced concentrations of serum HDL and HDL2
cholesterol and a tendency for increased concentrations of serum
HDL3 and total cholesterol. TheLDL cholesterol to apolipoprotein
B mass ratio was increased to a similar degree in both proteinuric
and non-proteinuric patients, confirming observations that a less
dense LDL, possibly intermediate density lipoprotein, is found in
insulin dependent diabetes mellitus.'314 Cigarette smoking was
similar in both groups and so did not account for the difference in
macrovascular complications.

Increased cardiovascular mortality has been reported -to accom-
pany the development of proteinuria in insulin dependent diabetes
mellitus.'3 As patients who did not develop proteinuria were found
to have almost normal life expectancy,"3 5 most patients with insulin
dependent disease who develop premature atherosclerosis are likely
to have proteinuria. The reason for this association, which was
previously unknown, now seems likely to be due to an aggregation
of risk factors for atherosclerotic disease. Other studies have
suggested that there is an increase in blood pressure in insulin
dependent diabetes mellitus during the phase ofmicroalbuminuria,
even before progression to the stage of overt proteinuria, present
in our patients.33'35 This may lead to an early increase in the
transcapillary escape of albumin.` A concomitant increase in the
transcapillary escape of other macromolecules might be expected to
accelerate atheroma by facilitating the entry of lipoproteins and
other atherogenic blood components into the arterial wall.3"

In addition to our findings, patients with insulin dependent
diabetes mellitus and proteinuria may be more prone to athero-
sclerotic vascular complications by,virtue of the enhanced platelet
adhesion,25 higher blood viscosity,38 and raised plasma fibrinogen
concentrations39 associated with the development of nephropathy.
There have been previous studies of serum lipoprotein concen-

trations in insulin dependent diabetes mellitus complicated by
albuminuria (> 150 ,ug/min) which, compatible with our findings,
were associated with increases in serum triglyceride values, total
and LDL cholesterol and apolipoprotein B concentrations, and a
decrease in total serum HDL cholesterol isolated by precipitation of
other lipoproteins with phosphotungstate and magnesium.44' We
have extended these studies by combining similar observations with
an investigation of vascular morbidity, blood pressure, and HDL
subfractions.
Our finding that total HDL cholesterol concentrations were

lower when isolated by phosphotungstate and magnesium precipi-
tation rather than by ultracentrifugation confirms our earlier
observation.42 That the different HDL cholesterol concentration by
the two methods was most pronounced in patients with proteinuria
suggests that a change in the composition ofHDL associated with
nephropathy might account for the disparity. We know, for
example, that the lipoprotein Lp(a) has a hydrated density which
overlaps with HDL243 but that because of its apolipoprotein B
content it may precipitate with phosphotungstate. As high concen-
trations of Lp(a) have been linked with coronary heart disease,43 this
aspect of HDL composition in diabetes may be of considerable
interest.
There has been dispute about whether serum cholesterol in

HDLP 16 18 or HDL2"7 is increased in insulin dependent diabetes
mellitus. Our finding that HDL3 cholesterol tends to be increased
and HDL2 significantly decreased in patients with proteinuria
compared with those with normal albumin excretion rates is thus
particularly interesting, as it suggests that differences in renal
function may account for some ofthe opposing findings by different
study groups. Similar findings have been made in non-diabetic
patients with primary renal disease associated with proteinuria.'6 In
those patients there was greatly increased urinary loss of the
apolipoprotein AI, which was dependent on the selectivity of the
renal protein leak and the severity of proteinuria. In that study of
primary proteinuric states most patients had higher urinary protein
excretion than did our patients with proteinuria. In diabetes,
however, possibly the glomerular basement membrane poses less
resistan}ce to the filtration of free apolipoprotein Al and smaller
molecular weight HDL species, such as HDL3, either because of

alterations in the electrical charge of the glomerular basement
membrane owing to glycation or changes in its glycosaminoglycan
composition" or because of glycation of apolipoprotein AI itself.
Glycation of apolipoprotein AI enhances its catabolism,45 and in rats
there is evidence that the kidney is a main site of apolipoprotein
AI catabolism, the proximal convoluted tubule cells degrading
apolipoprotein AI entering the urine space.46 Already some evidence
suggests that even in health the kidney may have a similar role in
man.47 There is a wealth of evidence that the diseased kidney may
have a more profound effect on lipoprotein metabolism.48
The HDL3 molecule (mean diameter 55 A) is the precursor of the

larger HDL2 molecule (mean diameter 85 A). We have proposed
that in the nephrotic syndrome the increased serum HDL3 concen-
tration is due to increased production; however, because of the
smaller size of HDL3 it is more readily lost into the urine before it
has circulated long enough to acquire sufficient cholesterol to
become HDL2.26 A similar mechanism may operate in insulin
dependent diabetes mellitus, the production of HDL being
accelerated by the rapid lipolysis of triglyceride rich lipoproteins
which are themselves secreted at an abnormally high rate.49
Lipoprotein lipase activity is raised in diabetics receiving systemic
insulin treatment.9 The HDL thus produced may, however, be
catabolised more rapidly than normal owing to glycation and in
patients with nephropathy by increased urinary loss, particularly of
the smaller HDL3 species, perhaps before they can be converted to
larger HDL2 particles.

In addition to the association of proteinuria with an increased
prevalence of macrovascular disease, this study provides further
evidence for a link between nephropathy, hypertension, and
proliferative retinopathy.50 Some workers have concluded that the
common factor underlying the association between renal and retinal
microangiography is cigarette smoking.5" In our study, however,
the association between proteinuria and proliferative retinopathy
was evident even though cigarette smoking was as common in
patients without proteinuria. An alternative possibility is that the
lipoprotein abnormalities described here and in earlier reports38 54
may have a role in the propagation of microvascular disease
secondary to their accumulation in mesangial cells. This may in turn
lead to proliferation and increased synthesis ofbasement membrane
glycosylaminoglycans, as has been proposed in primary renal
disease.55
We conclude that the effects of early nephropathy on lipoprotein

metabolism in diabetes in particular may have been neglected. Our
study and that ofVannini et al40 suggest that there are cogent reasons
further to elucidate the role of the kidney in lipoprotein metabolism
in insulin dependent diabetes mellitus. We have shown that patients
with insulin dependent diabetes mellitus and proteinuria have an
increased prevalence of macrovascular disease with an associated
excess of known cardiovascular risk factors. In practical terms
efforts to reduce the excessive mortality in insulin dependent
diabetes mellitus from ischaemic heart disease should therefore be
focused on patients with proteinuria, who may benefit most from
intensive management with antihypertensive and lipid modifying
agents.

We thank Mrs H Dhar and Dr P Kalsi for measurement of albumin
excretion rates, the staff of the department of chemical pathology, Hope
Hospital, for routine biochemical assessments, Miss L Hunt for help in
statistical analysis, and Ms J Rostron for expert secretarial work. PHW is
supported by a grant from the North West Regional Health Authority. This
study also received financial assistance from Eli Lilly and Co Ltd and the
Central Manchester Health Authority.
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Proteinuria: value as predictor of cardiovascular mortality in
insulin dependent diabetes mellitus

KNUT BORCH-JOHNSEN, SVEND KREINER

Abstract

The relation between diabetic microangiopathy and macroangio-
pathy was studied by analysing the relative mortality from
cardiovasculardisease in patients with insulin dependent diabetes
mellitus with and without persistent proteinuria. The study group
comprised 2890 diabetics diagnosed between 1933 and 1972
before the age of 31, and the study was conducted by using the
linear logistic discrete failure time model. In patients with
proteinuria the relative mortality from cardiovascular disease
was 37 times that in the general population; in patients without
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proteinuria it was 4-2 times that in the general population. In both
groups women had a relative mortality twice to 2-6 times that of
men. In neither group was relative mortality correlated with
duration of diabetes, suggesting that the association between
diabetes and cardiovascular disease may be conferred by factors
other than hyperglycaemia and hyperinsulinaemia.
The high relative mortality from cardiovascular disease in

diabetics with proteinuria indicates a strong association between
diabetic microangiopathy and macroangiopathy, suggesting a
common (pathogenetic?) mechanism for these two late diabetic
complications.

Introduction

Insulin dependent diabetes is characterised by a high relative
mortality,' which recent studies have shown is confined almost
entirely to patients developing persistent proteinuria. Further-
more, mortality from cardiovascular disease also tends to be higher
in patients with proteinuria than in those without.2 Previous studies
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