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Abstract

The frequency of proteinuria was assessed
in a cohort of 1848 diabetic patients
attending a diabetes centre in south India.
A total of 127 (6.9%) patients had evidence
of macroproteinuria and 49 (2.5%) pa-
tients had microproteinuria. Thus overall
9.4% of patients had diabetes related pro-
teinuria. In addition, 70 patients (3.8%)
had evidence of proteinuria with no
evidence of retinopathy. The frequency of
both microproteinuria and macropro-
teinuria increased linearly with duration
of diabetes. Multiple logistic regression
analysis showed that duration of diabetes,
serum creatinine, and glycated haemo-
globin were risk factors for macropro-
teinuria.

(Postgrad Med ¥ 2000;76:569-573)
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Type 2 diabetes in Asian Indians shows several
differences from that seen in Europeans. The
prevalence of diabetes is high,' * obesity is less
common,’ * the onset of diabetes is at a younger
age, and genetic factors are strong.’ * There are
also reported differences with respect to occur-
rence of complications. Coronary heart disease
appears to be more’ * and peripheral vascular
disease less common among type 2 Indian dia-
betic patients compared with Europeans.” A
recent report from our group suggests that the
prevalence of diabetic retinopathy is similar to
that seen in Europeans.'” There are reports
particularly from the UK that suggest diabetic
nephropathy is more common among the
migrant Indians compared with the local
European population.'' * There are very few
data on the prevalence of nephropathy in
diabetic patients from the Indian subcontinent.
This paper presents data on proteinuria in type
2 diabetic patients seen at a diabetes centre in
southern India.

Patients and methods

The study group comprised 1848 consecutive
type 2 diabetic patients attending the M V
Diabetes Specialities Centre, a large diabetes
centre at Chennai in southern India, in whom
complete records were available. During the
study period from 1 December 1994 to 31 May
1995, 287 patients had to be excluded due to
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incomplete records, presence of urinary tract
infection, or heart failure. There was no signifi-
cant differences in the age, sex distribution,
plasma glucose, or glycated haemoglobin
(HbAlc) levels between these 287 patients and
the 1848 patients included in the study. Type 2
diabetes was diagnosed based on the World
Health Organisation criteria.”

In all study patients, a complete clinical work
up was done including height, weight, and
body mass index (BMI). The blood pressure
recorded in the right upper limb in the sitting
posture on two occasions at least 15 minutes
apart and the mean of the two readings were
taken. Patients were categorised as hyperten-
sive if they were on antihypertensive treatment
or if they had a systolic blood pressure >140
mm Hg and/or diastolic blood pressure >90
mm Hg."* The BMI was calculated using the
formula: weight in kg divided by the height in
m’. A fasting sample of blood was drawn after
an overnight fast of 10 hours and the following
investigations were done: plasma glucose,
serum cholesterol, serum triglycerides, high
density lipoprotein cholesterol, and serum cre-
atinine. A standard breakfast was given as
described previously”” and at 90 minutes a
postprandial sample was drawn for glucose
estimation.

Biochemical analysis were done on Corning
Express Plus Auto Analyser (Corning, Med-
field, MA, USA) wusing Kkits supplied by
Boehringer Mannheim (Mannheim, Ger-
many). Fasting and postprandial plasma glu-
cose (glucose oxidase method), serum choles-
terol (CHOD-PAP method), serum
triglycerides (GPO-PAP method), and serum
creatinine (modified kinetic method of Jaffe)
were estimated in all patients. HbAlc was esti-
mated by high pressure liquid chromatography
using the Variant machine (Bio Rad, Hercules,
CA, USA). Urinary protein was measured on a
spot urine by the sulphosalicylic acid tech-
nique. The mean interassay and intra-assay
coefficients of variation were 5.6% and 11.2%
respectively. Creatinine was measured using
Jaffe’s method (coefficient of variation =
5.7%). Proteinuria was calculated based on
protein creatinine ratio.'® The usefulness of this
method has been documented previously and
shown to correlate well with the 24 hour
protein excretion'” and also with urinary albu-
min excretion rate.'®
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Table 1  Prevalence of proteinuria in type 2 diabetes; results are number (%)

Study groups Total (n=1848) Male (n=1137) Female (n=711)
No proteinuria 1604 (86.8) 981 (86.3) 623 (87.6)
Macroproteinuria 127 (6.9) 85 (7.5) 42 (5.9)
Microproteinuria 47 (2.5) 32 (2.8) 15 (2.1)
Proteinuria without retinopathy 70 (3.8) 39 (3.4) 31 (4.4)
DEFINITIONS
Proteinuria

Only those patients with proteinuria measure-
ments made on at least two consecutive visits
were included. None had any evidence of
urinary tract infection clinically and urine cul-
tures were sterile. Patients with persistent
proteinuria—that is, protein concentration
=500 mg/day in the presence of any diabetic
retinopathy, were classified as “macroproteinu-
ric”. Patients were classified as “micro-
proteinuric” if their protein concentration was
found in the range of 150-499 mg/day in the
presence of diabetic retinopathy. Patients with
protein =500 mg/day but who had no evidence
of retinopathy were considered as having “pro-
teinuria without retinopathy”. Renal insuffi-
ciency was defined as serum creatinine >133
umol./l.

Retinopathy

The ocular fundi were examined by a retinal
specialist both by direct and indirect ophthal-
moscopy, after mydriasis. Retinopathy when
present was classified as non-proliferative
diabetic retinopathy and proliferative diabetic
retinopathy. Non-proliferative diabetic retin-
opathy was diagnosed when there was evidence
of microneurysms, dot haemorrhages, exu-
dates, or cotton wool spots in the absence of
any new vessels or advanced diabetic eye
disease. Proliferative diabetic retinopathy was
diagnosed when any new vessels were present

Table 2 Clinical characteristics of study groups
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or if there was evidence of fibrous retinitis pro-
liferans, vitreous haemorrhage, retinal detach-
ment, or other features of advanced diabetic
eye disease.

Ischaemic heart disease

Ischaemic heart disease was considered to be
present when either myocardial ischaemia or
infarction was present.

Mpyocardial ischaemia was diagnosed if there
was a history of exertional chest pain (angina)
with unequivocal T wave changes in the
electrocardiogram (ECG), but no evidence of
infarction.

Myocardial infarction was diagnosed if there
was a classical history of chest pain docu-
mented by hospital records along with ST or Q
wave changes on the ECG suggestive of recent
or past myocardial infarction.

Neuropathy

Neuropathy was defined as bilateral absence of
ankle jerks and/or bilateral distal sensory
neuropathy. The latter was documented by
biothesiometry (Bio Medical Instrument Co,
Newbury, Ohio, USA) as previously
described."”

Peripheral vascular disease

Peripheral vascular disease was diagnosed
using Doppler recording of pressure tracings
using a KODY vaslab machine (Kody Labs,
Madras). An ankle branchial pressure index of
0.8 or less was considered as evidence of
peripheral vascular disease.

STATISTICS

Statistical analysis were done using SPSS PC +
4.0.1. version. One way analysis of variance
with Tukey’s honestly significant difference test

Study groups

No proteinuria Microproteinuria Macroproteinuria Proteinuria without
Variable (n=1604) (n=47) m=127) retinopathy (n=70)
Age (years) 52 (11) 57 (9)* 55 (8)* 56 (12)
Age of diagnosis of diabetes (years) 45 (10) 44 (9) 42 (9)* 49 (11)§
Duration of diabetes (years) 6 (6) 13 (1)* 13 ()* 6 (6)t
BMI (kg/m?) 25.0 (4.1) 24.8 (4.7) 23.4 (3.5)t 27.0 (5.2)§
Systolic blood pressure (mm Hg) 135 (16) 142 (17)* 147 (20)* 143 (21)
Diastolic blood pressure (mm Hg) 84 (7) 85 (7) 88 (11)* 88 (11)*
Hypertension (%) 37% 47%* 67%T 61%

*Significantly different from group with no proteinuria (p<0.05).

1p<0.05 when compared with groups with microproteinuria and no proteinuria.

ISignificantly different from groups with microproteinuria and macroproteinuria (p<0.05).

§Significantly different from other groups with proteinuria.

Table 3  Biochemical characteristics of study groups

Study groups

No proteinuria Microproteinuria Macroproteinuria Proteinuria without
Variable (n=1604) (n=47) (n=127) retinopathy (n=70)
FPG (mmol/l) 10.4 (3.9) 13.3 (4.5)* 12.2 (4.9)* 12.0 (4.3)*
PP-PG (mmol/l) 16.4 (5.3) 19.7 (5.3)* 18.0 (5.7)* 18.0 (5.9)*
HbAlc (%) 9.3 (2.2) 10.6 (1.9)* 10.1 (2.2)* 10.3 (2.4)*
Cholesterol (mmol/l) 5.4 (1.1) 5.6 (1.2) 5.7 (1.4)* 5.8 (1.5)*
Triglycerides (mmol/l) 2.0(1.4) 2.0 (1.6) 2.1(1.5) 2.2 (1.3)
Serum creatinine (umol/l) 72.6 (18.6) 78.4 (21.5) 100.6 (34.3)f 91.4 (31.6)t

*Significantly different compared with group with no proteinuria (p<0.05).
1Significantly different compared with groups with microproteinuria and no proteinuria (p<0.05).

fSignificantly different compared with other groups.

FPG: fasting plasma glucose; PP-PG: postprandial plasma glucose.
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Figure 1  Frequency of proteinuria in relation to duration of diabetes.
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Figure 2 Relative odds ratio for macroproteinuria in
relation to duration of diabetes. Duration <5 years is taken
as the reference (R).

was used to compare the means of continuous
variables in more than two groups. Multiple
logistic regression analyses was done using
macroproteinuria as the dependent variable
and the variables tested included age, BMI,
smoking, duration of diabetes, fasting and
postprandial plasma glucose, HbAlc, serum
cholesterol, serum triglycerides, serum creati-
nine, and systolic and diastolic blood pressure.

Results
Table 1 shows the frequency of macroproteinu-
ria and microproteinuria. A total of 127
patients (6.9%) had macroproteinuria and 47
patients (2.5%) had microproteinuria. An
additional 70 patients (3.8%) had proteinuria
without retinopathy. There was no significant
difference between males and females in the
occurrence of macroproteinuria or micropro-
teinuria or proteinuria without retinopathy.
Table 2 shows the clinical characteristics of
the study groups. The patients with proteinuria
were older those with no proteinuria. The
macroproteinuric patients had a significantly

Table 4 Results of multiple logistic regression—groups with macroproteinuria v no
proteinuria

Variable Regression coefficient SE p Value OR (95% CI

Duration 0.53 0.14 <0.0001 1.7 (1.3 t0 2.3)
HbAlc 0.55 0.18 0.003 1.7 (1.2 to 2.5)
Creatinine 0.92 0.15 <0.0001 2.5(1.91t03.4)

Macroproteinuria was used as the dependent variable. The following categories were used for
continuous variables: age, 10 year intervals; BMI, 3 units; fasting blood glucose, 1.39 mmol/l;
serum cholesterol, 0.65 mmol/l; serum triglycerides, 0.28 mmol/l; serum creatinine, 8.84 pmol/l;
duration of diabetes, five year intervals; and hypertension, systolic blood pressure >140 mm Hg or
diastolic blood pressure >90 mm Hg.
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earlier onset of diabetes compared with the
non-proteinuric group and the group with pro-
teinuria without retinopathy. The duration of
diabetes was higher in both macroproteinuria
and microproteinuria groups compared with
the groups with no proteinuria and proteinuria
without retinopathy. The macroproteinuric
group had a lower BMI compared with the
other groups. All the proteinuric patients had
increased systolic blood pressure compared
with non-proteinuric subjects. However diasto-
lic blood pressure was higher only in the groups
with macroproteinuria and proteinuria without
retinopathy compared with the non-
proteinuric group.

Table 3 shows the biochemical characteris-
tics of the study groups. Fasting plasma glucose
and postprandial plasma glucose were signifi-
cantly higher in all the proteinuric groups
compared with the non-proteinuric groups.
HbAlc levels were also significantly higher in
all groups with proteinuria. Serum creatinine
levels were higher in the macroproteinuric
group compared with the other two groups.
Serum cholesterol levels were significantly
higher in the patients with macroproteinuria
and proteinuria without retinopathy compared
with non-proteinuric groups. Serum triglycer-
ides levels were not significantly different in the
three groups.

Figure 1 shows the frequency of micropro-
teinuria and macroproteinuria in relation to the
duration of diabetes. There was an increase in
frequency of macroproteinuria in patients who
had diabetes of up to 20 years’ duration after
which there was a slight decrease. The
frequency of microproteinuria continued to
increase even beyond 20 years. Trend y° tests
showed that this increase in frequency was sta-
tistically significant both in the macroproteinu-
ric and microproteinuric groups (p<0.001).
The frequency of proteinuria in the group with
proteinuria without retinopathy showed no sig-
nificant increase with duration of diabetes.

Figure 2 shows the odds ratio for occurrence
of macroproteinuria in relation to duration of
diabetes. Taking duration <5 years as the refer-
ence, the odds ratios were 4.0, 6.0, 12.0, and
11.0 for duration of 6-10 years, 11-15 years,
1620 years, and >20 years respectively.

Table 4 shows the results of the multiple
logistic regression analysis using macropro-
teinuria as the dependent variable. Duration of
diabetes, serum creatinine, and HbA1c showed
a significant association with macroproteinu-
ria.

Table 5 shows the prevalence of various
complications in the study groups. The preva-
lence of proliferative diabetic retinopathy was
significantly higher in macroproteinuric pa-
tients compared with those with micropro-
teinuria (p<0.0001). The group with proteinu-
ria without retinopathy had a lower prevalence
of neuropathy compared with other study
groups. The prevalence of neuropathy was the
same in the microproteinuric and macropro-
teinuric groups. Ischaemic heart disease was
more common in the macroproteinuric pa-
tients compared with other study groups
(p<0.001). Peripheral vascular disease was
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Table 5 Correlation between proteinuric and other complications of diabetes; results are number (%)

No proteinuria Microproteinuria Macroproteinuria Proteinuria without

Parameters (m=1604) (n=47) (n=127) retinopathy (n=70)
Ischaemic heart disease 164 (10) 7 (15) 33 (26)* 13 (19)
Peripheral vascular disease 32 (2) 4 (9)* 6 (5) 3 (4)
Neuropathy 704 (44) 20 (43) 53 (42) 21 (30)
Retinopathy

None 1321 (83) 0 0 0

NPDR 265 (16) 45 (96) 83 (65)T 0

PDR 18 (1) 24 44 (35)t 0
Renal insufficiency 6 (0.4) 2 (4)* 14 (11)* 6 (0.4)

*Significantly different from group with no proteinuria (p<0.05).

+Significantly different compared with groups with microproteinuria and no proteinuria (p<0.05).
NPDR: non-proliferative diabetic retinopathy; PDR: proliferative diabetic retinopathy.

uncommon in all three groups including those
with macroproteinuria. The prevalence of renal
insufficiency was higher in those with macro-
proteinuria and with proteinuria without retin-
opathy compared with other groups.

Discussion

The prevalence of type 2 diabetes in the Indian
subcontinent is rising at an alarming rate from
a figure of 8.6% in 1992 to 11.3% in 1996.*
India already ranks number one in the world in
the total number of diabetic patients, ahead of
China and USA, and the prediction is that the
trend will continue in the future.” In this con-
text, studies on the morbidity due to diabetes in
this population are extremely valuable for
planning future health programmes. Although
ideally population based studies should be
done, there are financial and logistic con-
straints in developing countries. This study
reports on the frequency of proteinuria in a
large unselected cohort of type 2 diabetic
patients attending a diabetes centre. One
cannot exclude referral bias (that is, patients
with nephropathy being specifically referred to
our centre) affecting the results of this study.
However this is unlikely to be very significant
for several reasons: firstly, the frequency of
proteinuria is comparable to that reported in
an earlier study” and lower than that reported
in another.” Secondly there are no specific
renal services offered at the centre to specifi-
cally attract patients with nephropathy.

The present study shows that overall, 9.4%
of patients have diabetes related proteinuria
and 3.8% of patients have proteinuria with evi-
dence of retinopathy. After 16-20 years’
duration, the frequency of diabetes related
proteinuria increases to 29% (20% macropro-
teinuria and 9% microproteinuria) and re-
mains constant thereafter. The mortality due to
diabetic renal disease in type 2 diabetic patients
is usually lower than that reported in type 1
patients.* * Stephenson ez al reported that type
1 and type 2 diabetic patients had similar
prevalence rates of proteinuria.”® In type 1
diabetes, proteinuria is associated with neph-
ropathy and renal failure® * while in type 2
diabetic patients proteinuria is widely associ-
ated with cardiovascular rather than renal
disease.”” *® Thus among Europeans, diabetic
nephropathy is reported to develop in 35% of
patients with type 1 and 3%-15% of patients
with type 2 diabetes.””' Prevalence rates would
of course vary widely depending on the meth-
odology and definitions used for diabetic
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nephropathy. Fabre ez al reported a prevalence
of 48% with abnormal protein excretion (>150
mg in 24 hours) among 510 type 2 diabetic
patients and 16% had protein excretion in
excess of 500 mg in 24 hours.”

Studies from the UK have shown that among
migrant Asian Indians, the prevalence of both
diabetic and “non-diabetic” renal disease is
higher compared with Europeans." "> *”° John
et al in a report from Vellore in southern India
found that 8.4% of patients had persistent pro-
teinuria (over 500 mg in 24 hours).” In
addition, 27.5% of patients had micropro-
teinuria. They also found a high degree of cor-
relation between microproteinuria and micro-
albuminuria in their study. Because of cost
constraints, we choose to measure micropro-
teinuria in this study as it is much less
expensive.

Vijay et al, working at another diabetes centre
at Chennai, found a much higher prevalence of
proteinuria (18.7%).”> However the latter study
was confined to inpatients, that is, patients
admitted to hospital. This would undoubtedly
introduce an additional bias of more severely ill
patients being included in the study and this
could explain the difference between our two
studies.

The results of our logistic regression analysis
suggest that duration of diabetes, HbAlc, and
serum creatinine are associated with proteinu-
ria. The duration of diabetes has been shown to
be a risk factor for nephropathy by almost all
earlier studies.’*” The recent Diabetes Control
and Complications Trial Research Group™ and
UK Prospective Diabetes Group® studies have
shown the impact of blood glucose control on
reducing risk of retinopathy and nephropathy.
The present study was carried out at the time
of first presentation of the patient at our centre
and hence the majority of patients had uncon-
trolled diabetes. Even so, both the proteinuric
groups had higher HbAlc levels and this
emphasises the need for good control of
diabetes in the prevention of nephropathy.

The association with serum creatinine is to
be expected as the occurrence of renal insuffi-
ciency is only the next stage in the natural his-
tory of diabetic nephropathy. It is of interest
that blood pressure did not come out signifi-
cantly in the logistic regression analysis. This
could be explained by the small number of
patients with macroproteinuria and micropro-
teinuria. Table 2 however shows the systolic
blood pressure was significantly high in both
the macroproteinuric and microproteinuric
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groups and diastolic blood pressure in the
macroproteinuric group. Vijay er al have shown
that the initial HbAlc value and initial systolic
blood pressure were predictive factors for
development of proteinuria in a small cohort of
type 2 diabetic patients followed up by them.*

In a previous study, we showed that overall
34% of our type 2 diabetic patients had
evidence of retinopathy and after 20 years’
duration, 85% of patients had retinopathy
which included 73% with non-proliferative
diabetic retinopathy and 11.9% with prolifera-
tive diabetic retinopathy.'’ In the present study,
we found that even in the non-proteinuric
group, 17% had diabetic retinopathy. The pro-
teinuria without retinopathy group by defini-
tion had absence of retinopathy. It could be
argued that some of these patients could
indeed have diabetic nephropathy as retin-
opathy need not always be present in patients
with nephropathy. Renal biopsies of such
patients show that some of them would have
changes consistent with diabetic nephropathy
while 12% to 78% of such patients have been
shown in different studies to have features of
“non-diabetic” glomerulopathies like glomeru-
lonephritis and other conditions.*" *?

In conclusion, given the large numbers of
persons with diabetes in India, the numbers of
diabetic patients with nephropathy is undoubt-
edly enormous. With the prevalence of diabetes
on the increase, this could produce major con-
straints on health care budgets in the future.
This urgently calls for not only good control of
diabetes to prevent nephropathy but also to
address the larger issue of primary prevention
of diabetes, that is, reduction in the prevalence
of diabetes itself by aggressive life style modifi-
cations.

We thank M/s, Serdia Pharmaceuticals (India) Ltd, Mumbai,
for financial assistance for this project. statistical analysis.
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