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Summary. In a multinational study, fasting plasma
glucose values in 3583 diabetic patients, aged 34-56
years, were related to the characteristics of these sub-
jects and to the presence and severity of microangiop-
athy as ascertained by standardised methods. The pa-
tients were from nine different populations and
ranged in number from 193 to 686 per population
(London, Warsaw, Berlin (FRG), New Delhi, Tokyo,
Havana, Oklahoma Indians, Arizona Pima Indians,
and a national sample in Switzerland). In the total
group, mean fasting plasma glucose was 8.1 mmol/1
for those on diet alone, 9.7mmol/] for those on oral
agents, and 12.7mmol/1 for insulin-treated patients,
of whom 25% had values exceeding 16.5mmol/1
Since many variables were measured in each patient,
it was possible to take into account many confound-
ing factors in evaluating the relationship of plasma
glucose levels to retinopathy and nephropathy.

Key words: Diabetes, retinopathy, glomerulosclerosis,
microangiopathy, plasma glucose.

A multinational study of the vascular lesions of dia-
betes has recently been compieted under the auspices
of the World Health Organization. Reports have been
published describing the methods and results [1-4].
The study included 14 populations. Collection of data
on plasma glucose was not a required element of the
protocol, but in nine populations fasting plasma glu-
cose determinations were performed. The main pur-
pose of this paper is to report the relationship of plas-
ma glucose concentration to retinopathy and ne-
phropathy, and the associations of glucose level and
microvascular disease with certain other variables in-
cluding type of treatment, age, sex, smoking, duration
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of diabetes, adiposity, age at diagnosis of diabetes
and serum cholesterol.

The data are unusual in several respects. The total
number of subjects is extraordinarily large (3 583). It
was possible to compare the interrelationships of
many variables in widely disparate circumstances and
with few exceptions, standardised procedures were
used. Some of the plasma glucose data in one of these
nine populations have been reported elsewhere [5].

Subjects and Methods

The methods used in the WHO study for patient selection and clini-
cal and laboratory measurements have been described previously
{1, 4]. The participants were required to demonstrate the capacity to
recruit a representative sample of diabetic patients from a defined
population under conditions that would sharply limit the bias that
often attends the referral of cases to specialists. The nine popula-
tions concerned in this report were drawn from London, Switzer-
land (nation-wide sample), Warsaw, Berlin (FRG), New Delhi, To-
kyo, Havana, Oklahoma (Indians), and Arizona (Pima Indians). In
accordance with the WHO protocol, analyses in this report were
confined to subjects aged 34 to 56 years. In London, 39% of the pa-
tients who were examined had plasma glucose determinations; in
Berlin, 57%. In each of the seven other centres, more than 90% had
plasma glucose determinations. This paper also reports character-
istics of those who did not have plasma glucose determinations and
detailed data on those in whom the fasting plasma glucose level was
measured. With the exceptions noted below, methods were stand-
ardised.

The methods for measuring plasma glucose were not the same
in the nine centres. In every case, however, commonly-used ‘true
glucose’ procedures were employed. The methods used were ortho-
toluidine (Oklahoma and Warsaw), hexokinase (Switzerland), glu-
cose oxidase (Berlin and Havana), Somogyi-Nelson (New Delhi),
and ferricyanide (London, Tokyo, and Arizona). Tokyo investiga-
tors also used the glucose oxidase method on some of their speci-
mens. Cooper [6] has shown that results are very similar with these
particular methods, irrespective of the glucose level. In four popu-
lations (Warsaw, New Delhi, Berlin, Tokyo), whole blood speci-
mens were analysed. These latter results were converted to plasma
values by adding 15%. Capillary values (Berlin and Tokyo) were re-
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Table 1. Mean fasting plasma glucose levels in each population according to the type of treatment and duration of diabetes (Fasting plasma

glucose (mmol/1)

Population Diet only Oral agent Insulin

Duration <7 years
London 9.6 (12) 105 (21) 15.7 (12)
Switzerland 7.6 (32) 9.7 (82) 109 (17)
Warsaw 6.1 (18) 8.1 (81) 13.5 (25)
Berlin, FRG 6.7 (70) 8.9 (74) 81 (3
New Delhi 6.9 (49) 8.6 (157) 10.8 (21)
Tokyo 8.7 (51) 8.6 (72) 9.1 (19)
Havana 51 (33) 7.6 (100) 99 (6)
Oklahoma Indians 8.9 (152) 10.9 (247) 109 (53)
Pima Indians (Arizona) 11.8 (44) 10.6 (18) 13.8 (10)
All populations 8.0 (461) 9.3 (852) 11.2 (186)

Duration 7-13 years
London 11.7 (3) 11.8 (19) 16.9 (29)
Switzerland 64 (4 10.8 (61) 10.8 (76)
Warsaw 56 (1) 9.5 (45) 143 (81)
Berlin, FRG 6.3 (58) 9.7 (55) 109 (®)
New Delhi 127 (5 9.6 (134) 13.6 (33)
Tokyo 7.5 (30) 83 (70) 9.1 (52)
Havana 57 (23) 8.7 (113) 10.7 (33)
Oklahoma Indians 10.3 (29) 120 (84) 124 (42)
Pima Indians (Arizona) 12.8 (27) 11.8 (31) 14.7 (38)
All populations 8.3 (180) 10.0 (612) 12.5(392)

Duration > 14 years
London 69 (1) 10.7 (2) 169 (94)
Switzerland 65 @ 10.0 (16) 11.4 (140)
Warsaw 59 () 10.1 (20) 14.4 (148)
Berlin, FRG 56 (10) 9.2 (19) 124 (21)
New Delhi 89 (2 1.1 (57) 11.0 (41)
Tokyo 72 (D) 9.6 (29) 9.5 (44)
Havana 42 (5 104 (53) 11.8 (66)
Oklahoma Indians 117 (8) 12.8 (27) 13.7 (44)
Pima Indians (Arizona) 105 (5) 11.8 (10) 149 (28)
All populations 7.7 (41) 10.7 (233) 13.2 (626)

All durations and all populations? 8.1+3.7(682) 9.7+£3.9(1697) 12.7+£5.8(1204)

Number per cell in parentheses;
2 = mean £ SD

duced by 6% to make them equivalent to venous values. This con-
version factor was based on the results of several comparative stud-
ies summarised by West [7]. Time of collection of the plasma glu-
cose specimens was not standardised among the countries except
that all specimens were collected in the morning after an overnight
fast. However, because of the very wide range of these glucose val-
ues in every population, and in the total sample (SD = 4.5mmol/1),
this Jack of standardisation would produce only a modest effect on
the ranking of values in the pooled data. Within countries, stand-
ardisation was considerably greater. For this and other reasons, our
analyses of the relationships of plasma glucose to microangiopathy
include examinations of these relationships within each of the nine
populations and for the pooled data.

Urine protein was measured semi-quantitatively by the salicyl-
sulphonic acid method [1]. Those with grade 3 or 4 responses were
deemed to have ‘heavy’ proteinuria. As reported previously, cho-
lesterol determinations were performed in a central laboratory on
specimens from six of the populations. In Berlin, Warsaw and Ha-
vana local values were used. Results obtained locally were not
systematically compared with those of our WHO-standardised
central laboratory (US Public Health Service, Center for Disease
Control, Atlanta). However, mean results from each of the three lo-

cal laboratories were found to differ less than 10% from values ob-
tained by other WHO-standardised laboratories. Even so, this in-
complete standardisation should be considered in the interpreta-
tion of the serum cholesterol data. Adiposity was computed by re-
lating the body mass index [weight (kg)/height? (m)] to a standard
for each sex and expressing the results as a percentage of the stand-
ard or ‘ideal’ body mass index (20.6 for females, 22.1 for males) [8].
These standards are the same as those used by the Metropolitan In-
surance Company for persons of ‘medium frame’.

Results

Interrelationships of Plasma Glucose
and Other Factors

Table 1 shows the mean fasting plasma glucose values
in each of the nine populations and for the pooled da-
ta according to the type of treatment and duration of
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Table 2. Relationship of mean fasting plasma glucose levels to adiposity and age at diagnosis of diabetes according to the type of treatment

Age at diagnosis Fasting plasma glucose (mmol/1)
Obese? Non-obese Total®
Insulin-treated patients
<20 years 146+52 (28) 13.6+6.8 (116) 13.8+6.5 (145)
20-34 years 14.0£6.0 (213) 12.2+6.0 (393) 12.8+6.1 (608)
>35 years 12.8+49 (238) 11.6x5.2 (211) 123 5.1 (451)
Subtotal 13.4+54 (479) 123459 (720) 12.7+£5.8 (1204)
Patients not receiving insulin
<20 years 9.1+41 (8 10.2+3.6 (11) 9.7+37 (19
20-34 years 9.7+4.2 (295) 9.8+43 (221) 9.8+42 (519)
=35 years 9.4+3.9(1217) 8.5+£3.5 (620) 9.1+£3.8(1841)
Subtotal 9.514.0 (1520) 89+38 (852) 9.2+3.9(2379)
Total 10.4 4.7 (1999) 10.5+£5.2(1572) 10.4+4.9(3583)

=

Weight >114% of ideal.

Results expressed as mean £ SD. Number of cases in parentheses

b In some cells these totals include a few cases where adiposity was not determined

Table 3. Spearman correlation coefficients of fasting blood glucose and selected variables in each of the nine populations

Number Age Age at Duration % Ideal Systolic Serum

of (years) diagnosis body weight blood cholesterol

patients (years) pressure
London 193 —011( 014 —031(<0.01) 034(<0.07) 0.07( 0.36) —0.01(0.87) 011( 0.17)
Switzerland 450 0.02( 062) —0.06( 022) 011( 0.02) 0.08 ( 0.08) 0.09(0.07) 0.08( 0.09)
Warsaw 420 —012( 0.02) —037(<0.01) 039(<001) ~—0.19(<0.01) —0.05(0.34) 0.10( 0.05)
Berlin, FRG 318 0.17 (< 0.01) 0.01( 093) 0.18(<0.01) 0.05( 0.38) 0.11(0.05) 0.12( 0.03)
New Delhi 499 —-0.01( 082) —-021(<0.01) 029(<0.01) —0.04( 039) 0.04(0.33) 0.05( 0.28)
Tokyo 374 —011( 0.04) 011( 0.03) 0.07( 0.15) 0.03( 0.62) 0.01(0.77) 0.03( 0.55)
Havana 432 0.09( 0.07) —-0.16(<0.01) 032(<0.01) —0.24(<0.01) —0.07(0.14)  0.13(<0.01)
Oklahoma Indians 686 -0.01( 0.77) —0.18(<0.01) 027(<0.01) 0.06( 0.15) 0.05(0.20) 0.21(<0.01)
Pima Indians 211 0.02( 0.78) —0.43( 0.07) 0.20(<0.01) 0.07( 0.28) 0.10(0.16)  0.24(<0.01)
Nine populations 3583 —0.01( 085 —018(<001) 0.25(<0.01) 0.02( 0.16) —0.02(0.16)  0.08(<0.01)
combined
pvalues in parentheses

In some populations there were small numbers of missing data for certain variables. In no instance was this as great as 10%

diabetes. The mean + SD of the plasma glucose val-
ues for the pooled data according to the type of treat-
ment are also shown. One of the reasons for interpop-
ulation differences in the mean plasma glucose levels
of insulin-treated patients is the interpopulation dif-
ferences in certain characteristics of this subgroup
(e.g. adiposity, age at diagnosis and duration of dia-
betes). Details of these characteristics have been pre-
sented elsewhere [1, 4]. In every population, mean
plasma glucose values of insulin-treated patients were
substantially higher than in those not treated with in-
sulin. Insulin-treated patients generally had fasting
values that were two to three times higher than nor-
mal. Table 2 shows the relationship of glucose level to
adipostiy and age at diagnosis of diabetes. In insulin-
treated patients, mean plasma glucose values were
greater in those with an onset of disease early in life.
In both insulin-treated patients and in those not re-

ceiving insulin, plasma glucose levels were higher in
the obese. Although plasma glucose values were high-
estin obese patients on insulin, inter-individual varia-
tion was greatest in lean insulin-treated patients, par-
ticularly in young-onset cases.

Only 2% (20 out of 1204) of the insulin-treated pa-
tients had plasma glucose values in the hypoglycae-
mic range (< 3.3mmol/1). On the other hand, 25%
had values greater than 16.5mmol/1.

Table 3 indicates, for each population and for the
pooled data, the relationship of several variables to
plasma glucose. Some of the relationships found are
seen in all populations. The relationship of plasma
glucose to the duration of diabetes and to serum cho-
lesterol was consistently positive, while the direction
of the relationship of plasma glucose to age and adi-
posity varied in these populations. In the pooled data,
plasma glucose was not strongly correlated with any
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Table 4. Prevalence (%) of retinopathy and proteinuria according to the type of treatment and duration of diabetes in pooled data of nine

populations
Type of treatment Duration of diabetes (years)
<7 7-14 14-19 >20 Total?®
Retinopathy (any grade)
Diet only 8.9 (527) 179 (196) 25.7 (35) 20.0 (10) 12.1 (768)
Oral agent 155 (970) 29.6 (712) 43.6 (188) 417 (73) 24.3 (1943)
Insulin 183 (251) 427 (539) 67.9 (489) 74.5 (427) 54.3 (1706)
Total 13.9 (1748) 32.9(1447) 59.4(712) 68.6 (510) 33.8 (4417)
Proliferative retinopathy®
Diet only 04 (527) 2.0 (196) 57 (3%5) 0 10 1.0 (768)
Oral agent 0.6 (970) 1.7 (712) 5.3(188) 55 (73) 1.6 (1943)
Insulin 32 (251) 2.2 (539) 5.3 (489) 14.3(427) 6.3 (1706)
Total 0.9 (1748) 1.9 (1447) 5.3(712) 12.7 (510) 3.3 (4417)
Proteinuria (any degree)
Diet only 16.9 (527) 24.6 (195) 26.5 (34 10.0 (10) 19.2 (766)
Oral agent 222 (977) 249 (714) 30.3(188) 282 (71) 24.2 (1950)
Insulin 19.0 (253) 234 (538) 34.9 (495) 33.0(442) 28.5(1728)
Total 20.1 (1757) 24.3 (1447) 33.3(7117) 31.9(523) 25.0 (4444)
Heavy proteinuria
Diet only 6.5 (527) 7.7 (195) 118 (34) 10.0 (10) 7.1 (766)
Oral agent 6.8 (977) 8.5 (714) 13.3(188) 155 (71) 8.4 (1950)
Insulin 59 (253) 11.2. (538) 20.8 (495) 17.2 (442) 14.7 (1728)
Total 6.5(1757) 9.4 (1447) 18.4 (717) 16.8 (523) 10.6 (4444)

2 Includes 895 in whom plasma glucose levels were not measured.

b Includes only those in whom proliferation was directly visualised and

excludes a small number with prolieferation that was not visable (e. g., because of vitreous opacity). Number of cases in parentheses

of the variables in Table 3, but a statistically signifi-
cant correlation with plasma glucose was found for
blood cholesterol, duration of diabetes and age at di-
agnosis (the latter inversely).

Plasma Glucose and Microvascular Disease

Table 4 shows the relationship of the duration of dia-
betes and type of treatment to the prevalence of
retinopathy, proliferative retinopathy, proteinuria,
and heavy proteinuria. Microvascular disease was
more common in insulin-treated patients. In those not
receiving insulin, the prevalence of retinopathy was
approximately as great in those with a duration of
14-19 years as in those with a duration of 20 years or
more. In insulin-treated patients, however, the preva-
lence of proliferative lesions was considerably greater
in those with a duration of disease of 20 years or more
(14.3%) than in those with a duration of 14-19 years
(5.3%).

Table 5 shows the prevalence of microvascular
disease for the pooled data according to the duration
of diabetes and level of plasma glucose. The preva-
lence was higher in those with greater glycaemia. Pro-
teinuria and heavy proteinuria were also more com-

mon in those with high plasma glucose levels. This

was despite the high frequency of microvascular dis-

case in insulin-treated patients with plasma glucose

values in the hypoglycaemicrange (< 3.3mmol/]). In

this latter subgroup, 72% had retinopathy and 42%

proteinuria. When these hypoglycaemic patients were
excluded from the analysis, there were even greater

differences in the frequency of microvascular disease

in the insulin-treated patients with and without severe

hyperglycaemia.

Table 6 shows the correlation coefficients of plas-
ma glucose levels with retinopathy and proteinuria.
Although highly significant, the strengths of these re-
lationships were quite modest. The correlation of ret-
inopathy with plasma glucose level was significant in
every population except Switzerland and Arizona.
The direction of this relationship was positive in all
nine populations. The correlation coefficient was
strongest in Warsaw (0.31) and Berlin (0.30). In Lon-
don and Switzerland the relationship of proteinuria
to the plasma glucose level was not significant, and
the association was of borderline significance in Ha-
vana (p = 0.07) and in Arizona (p = 0.10), but the re-
lationship was significant in each of the other popula-
tions (p <0.03).
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Table 5. Prevalence of abnormalities according to the duration of diabetes and level of fasting plasma glucose in diabetic patients from

pooled data of nine populations

Duration Fasting Prevalence of abnormalities (%)
1
(years) glzzglsi Retinopathy Severe Proliferative Proteinuria Heavy
(mmol/T) retinopathy retinopathy proteinuria
<7 <11 10.7 (117) 1.0 (11) 0.5 (5 17.9(196) 5.5 (60)
>11 173 (69) 23 9 18 (7) 26.4 (106) 9.7 (39)
7-13 <11 26.0(181) 3.6 (25 1.7(12) 22.4 (156) 8.5 (59)
=11 40.1(191) 59 (28) 2.7(13) 27.1(128) 12.7 (60)
>14 <11 55.1(227) 13.8 (57) 7.5(31) 36.1 (150) 209 (87
=11 66.1(308) 155 (72) 9.7 (45) 31.6 (149) 174 (82)
14-19 <11 51.4(129) 10.0 (25) 5.2(13) 36.0 (91) 20.6 (52)
=11 64.0 (176) 11.6 (32) 6.9 (19) 32.0 (8%) 18.2 (50)
>20 <11 60.9 (98) 199 (32) 11.2(18) 362 (59) 21.5 (3%)
=11 69.1(132) 209 (40) 13.6 (26) 31.0 (61) 162 (32)
Total <1 23.9(525) 42 (93) 2.2 (48) 22.8 (502) 9.3 (206)
=11 42.4 (568) 8.1(109) 4.8 (65) 28.4 (383) 13.4(181)
Plasma glucose 45.5(399) 8.3 (73) 3.9(34) 25.5(227) 9.4 (84)
not measured

Number of cases in parentheses

We expected that correlations with plasma glu-
cose would be stronger when the degree or grade of
microangiopathy (rather than just presence or ab-
sence) was used as the dependent variable. This did
not prove to be the case. Table 6 shows that the corre-
lations were not appreciably stronger when graded
variables were used for retinopathy and proteinuria.

Heavy proteinuria was significantly related to
plasma glucose in the pooled data, but this trend did
not reach statistical significance when only insulin-
treated cases were considered. Insulin-treated pa-
tients with mild proteinuria had significantly lower
plasma glucose levels than insulin-treated patients
without proteinuria. Multivariate analyses of the kind
described below showed that this inverse relationship
was secondary to other confounding factors.

Other Risk Factors and Microvascular Disease

We have reported previously the associations of le-
sions of the eye and kidney with risk factors (other
than plasma glucose) in these populations [4]. Results
of similar analyses are presented in Table 7. They dif-
fer from our previous reports in that data for the sexes
are combined, some different analytical methods are
used, and results are shown separately for insulin-
treated cases and for those not treated with insulin.
Some associations with retinopathy, such as with du-
ration of diabetes, are so strong that statistically signi-
ficant relationships were observed in every popula-
tion, even when the number of subjects was relatively
small. Some associations, however, were seen in some

Table 6. Spearman correlation coefficients of plasma glucose with
retinopathy and proteinuria in 3 583 diabetic patients®

r p
Presence of retinopathy 0.20 <0.01
Severe retinopathy® 0.08 <0.01
Grade of retinopathy® 0.20 <0.01
Presence of proteinuria 0.08 <0.01
Heavy proteinuria 0.07 <0.01
Grade of proteinuria® 0.08 <0.01

* For some indices there were a few missing data, in all cases

<3%. P Severe cases included those with proliferative disease or
haemorrhages larger than the optic disc (grade 4). Lesser retinopa-
thy was graded 1-3. ¢ Four grades 0-3.

populations, but not in others. A statistically signifi-
cant association between retinopathy and plasma glu-
cose levels was observed in seven of the nine popula-
tions. In all populations, plasma glucose values were
higher in those with retinopathy than in those without
retinopathy.

The association of blood pressure with retinopa-
thy reached statistical significance in five of the nine
populations. Because nephropathy is often associat-
ed with hypertension, we examined the relationship
of systolic blood pressure and retinopathy in cases
without proteinuria. In this subgroup the relationship
of retinopathy and blood pressure was not statistical-
ly significant. The association of retinopathy with ser-
um cholesterol reached significance in only one of the
populations. In every population, retinopathy was
significantly associated with the type of treatment
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Table 7. Statistical significance (p values) of the relationship of the presence of retinopathy and proteinuria with ten variables in nine popula-

tions
Population
Switzer- Tokyo  Ari- London Warsaw Berlin, Havana New Okla- All patients
land zona FRG Delhi homa
treated  not
with taking
insulin  insulin
Plasma glucose
retinopathy 0.93 0.03 0.75 0.03 <001 <0.01 <0.01 <0.01 <0.01 0.12 <0.01
proteinuria 0.32 0.04 0.11 0.81 0.08 0.01 0.08 <0.01 <0.01 0.02¢ 0.01
Duration diabetes
retinopathy <0.01 <001 <001 <001 <001 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
proteinuria 0.11 <001 <001 024 <001 0.02 <0.01 <0.01 <0.01 <0.01 <0.01
Serum cholesterol
retinopathy 0.12 0.51 0.05 0.35 0.08 0.53 0.14 0.26 0.40 <0.01 0.35
proteinuria 0.41 <0.01 0.48 097 <0.01 0.23 <0.01 0.10 0.26 0.01 0.01
Systolic blood
pressure
retinopathy 0.04 0.10 0.02 0.28 0.08 0.90 0.01 <0.01 <0.01 <0.01 <0.01
proteinuria <0.01 <0.01 011 <001 <001 0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Smoking®
retinopathy 0.42 0.29 —b 0.49 0.85 —b 0.57 b 0.97 0.79 0.24
proteinuria 0.12 0.22 b —b 0.99 —b 0.83 —b 0.77 0.46 0.15
Age
retinopathy 0.36 0.67 0.04 0.94 0.56 0.74 0.04 0.10 0.02 <0.01 <0.01
proteinuria 0.32 0.40 0.40 0.02 0.41 0.12 0.81 <0.01 0.22 <0.01 <0.41
Age at onset of
diabetes
retinopathy 0.01° <0.01¢ 0.01° <0.01° <0.01c <0.01° 0.01°  <0.01° <001° <001° <0.01°
proteinuria 041 0.03¢ 0.12 0.95 0.01¢ 0.49 0.04¢ 0.12 0.01° 0.02¢ 0.01¢
Treatment®
retinopathy <0.01 <0.01 001 <001 <0.01 —b <0.01 <0.01 0.01 - -
proteinuria 0.35 0.05 0.10 b 0.01 0.01 0.03 0.16 0.21 - -
Sex?
retinopathy 0.97 0.67 0.96 0.87 0.24 0.62 0.34 <0.01° 0.30 0.09 0.08
proteinuria 0.17 0.14 0.30 0.90 0.65 0.22 0.52 0.46 0.71 0.25 0.91
Adiposity
retinopathy <0.01° 0.49 0.02¢ 0.62 0.02¢ 0.02° <0.01° <001° <0.01° 0.19 <0.01°
proteinuria 0.05° 0.28 0.07 0.45 0.57 0.80 0.66 0.17 0.44 0.55 0.32
Total no. 438 364 193 171 380 303 428 491 682 1140 2309

Analyses performed by Mann-Whitney U test orby 2 Chi-square. ° Insufficient numbers for accurate p value. ° Inverse relationship

(more retinopathy in the insulin-treated) and inverse-
ly associated with age at discovery of diabetes. In two
of the populations a weak but significant relationship
was seen between retinopathy and age. As will be
shown below, this association was not significant in
the pooled data when duration of diabetes was taken
into account (older patients had a longer duration of
diabetes).

Retinopathy was not related to cigarette smoking
in any of the nine populations. In New Delhi, men
had significantly more retinopathy than women, but
in all other populations women had a slightly greater

frequency of retinopathy than men. This slight excess
was not statistically significant in any of the popula-
tions. In six of the nine populations, there was a statis-
tically significant inverse association between adipos-
ity and retinopathy.

In general, the associations of these factors with
retinopathy were similar in patients treated with insu-
lin and those not treated with insulin. There were,
however, some interesting differences. The associa-
tion of plasma glucose level and retinopathy was not
as strong in the insulin-treated cases. In contrast, the
relationship of retinopathy to serum cholesterol was
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stronger in the insulin-treated cases. The inverse asso-
ciation of retinopathy with adiposity was weak in the
insulin-treated cases.

The same analyses were performed using severe
retinopathy as the dependent variable. For this pur-
pose, severe retinopathy was defined as proliferative
retinopathy or the presence of one or more haemor-
rhages larger than the optic disc. The results were very
similar to those shown in Table 7. The associations of
severe retinopathy with adiposity and age at diagno-
sis were inverse. The association with serum choles-
terol was significant only in insulin-treated cases.

Table 7 also gives the results of univariate analyses
of the associations of proteinuria with ten variables.
The relationships of proteinuria to adiposity and sex
were not significant. A significant relationship with
proteinuria to serum cholesterol and plasma glucose
levels was observed in both insulin-treated patients
and in those who were not taking insulin. The same
analyses were performed with heavy proteinuria as
the endpoint. The results were very similar to those
with proteinuria of any degree, except that overall
men had slightly more heavy proteinuria than wom-
en. This small difference was statistically significant,
but on multivariate analyses, there was no significant
difference between the sexes. Statistically significant
male predominance of heavy proteinuria was seen in
only one of the nine populations (New Delhi).

The duration of diabetes is a major confounding
factor in evaluating the association of microangiop-
athy with other factors of potential aetiological signif-
icance. Table 8 shows the relationship of duration to
several variables in the pooled data. These associa-
tions with duration often have an important influence
on the associations of these variables with micro-
angiopathy because of the powerful effect of duration
on the presence of microangiopathy.

Multivariate Analysis

In the multivariate analyses, we did not include blood
pressure or cholesterol because both may be in-
creased with nephropathy. Table 9 shows the results
of multivariate analysis on the associations of five
variables with retinopathy for the pooled data. The
factor bearing the strongest association with retinopa-
thy was duration of diabetes, but plasma glucose le-
vels and type of treatment (need for insulin treatment)
also had a highly significant relationship to retinopa-
thy. Retinopathy was inversely related to adiposity.
Age and sex bore a weak but significant association
with retinopathy (slight excess in females).
Multivariate analysis in the group of patients who
were not treated with insulin yielded similar results
(duration, plasma glucose and leanness were signifi-

Table 8. Correlation coefficients (Pearson method) of duration of
diabetes with selected variables

Variable r

Sex 0.012
Age 0.072
Serum cholesterol 0.11

Systolic blood pressure 0.11

Adiposity ~0.24

Plasma glucose 0.25

Insulin treatment 0.48

Age at diagnosis of diabetes ~0.76*

2 The relationship of duration of diabetes to sex, age and age at
diagnosis were influenced by the design of the study [1]

Table 9. Results of multivariate analysis (stepwise logistic regres-
sion) relating retinopathy to six variables

Variable ¥4 Maximum
log
likelihood
—21172

Duration of diabetes <0.001 —1823

Insulin treatment <0.001 —1781

Plasma glucose <0.001 -1772

Adiposity <0.001° —1765

Age 0.021 —-1762

Sex 0.036° —1759

2 Maximum log likelihood before addition of independent var-
iables. The degree of decline, as factors are added, reflects the effect
of the variable added. ° Inverse relationship, less retinopathy in
obese subjects. °© Slight excess in females.

Chi-square for goodness of fit was 6 (p = 0.20)

Table 10. Results of multivariate analysis (stepwise logistic regres-
sion) relating proteinuria to four variables

Variable p Maximum
log
likelihood
—19342

Duration of diabetes 0.001 —-1907

Age 0.058 —1905

Glucose 0.064° —1903

Type of treatment 0.831 —1903

2 Maximum log likelihood before addition of independent var-
iables. The degree of decline in this value, compared with the value
above it, reflect the effect of the variable. ® Effect of glucose was
of borderline statistical significance, but was highly significant
(p <0.001) in patients who did not take insulin.

Chi-square for goodness of fit was 5.30 (p = 0.26)

cant), but in this subgroup the effects of age and sex
did not reach statistical significance. In insulin-treat-
ed patients, the relationship of plasma glucose and
leanness to retinopathy was not statistically signifi-
cant but, as in the total group, the direction of the rela-
tionship of leanness and plasma glucose levels to ret-
inopathy was positive.
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Results of multivariate analysis for proteinuria are
shown in Table 10. Duration had a strong effect. The
presence of proteinuria was related with plasma glu-
cose levels and age, although these associations were
not strong. The effect of age may be due to the higher
frequency of proteinuria in older subjects from causes
other than diabetes. In the multivariate analysis, there
was no significant association with type of treatment,
but when the same analysis was performed for heavy
proteinuria instead of proteinuria, a significant rela-
tionship was observed between the type of treatment
and the more severe lesion (heavy proteinuria was
more common in patients treated with insulin). When
multivariate analysis was performed on the subgroup
of insulin-treated patients, the association between
plasma glucose and proteinuria did not reach statisti-
cal significance. In those who were not insulin-treated
the contribution of glucose level was significant (p

< 0.001).

Discussion

One of the most important and controversial issues in
diabetes is the extent to which the degree of hypergly-
caemia affects the risk of vascular disease. Results
and opinions have differed widely for many reasons.
One is that conclusions have often been drawn with-
out taking into account the sometimes powerful ef-
fects of confounding variables when rates of micro-
angiopathy are compared among those with varying
degrees of hyperglycaemia. Positive associations of
any variable with duration of diabetes may suggest,
spuriously, that this factor has an aetiological rela-
tionship with microangiopathy; or an inverse rela-
tionship of such a factor with duration may obscure a
causal association with microangiopathy. Our ana-
lyses indicated that the relationship of duration to
other risk factors was not constant nor easily predict-
able, varying with the characteristics of the subjects
included in the analyses. Among the advantages of
this study was the opportunity to take into account
many variables in analysing these interrelationships,
the large number of subjects, and the opportunity to
examine associations in each of nine different popu-
lations.

A disadvantage of this study was its cross-section-
al nature. Particularly limiting was the fact that a plas-
ma glucose value at any one time is a very crude indi-
cator of previous plasma glucose values. This impre-
cision would tend to obscure the relationship of plas-
ma glucose and microangiopathy if there were such a
relationship. Thus, the association between plasma
glucose level and microangiopathy may be consider-
ably stronger than is evident from our study. Certain

other aspects of our results support the possibility that
plasma glucose level is an important risk factor. There
was a highly significant relationship of microvascular
disease to leanness and with the type of treatment
(higher rates of microangiopathy in insulin-treated
patients). It seems very likely that these associations
are attributable to the association of these factors with
higher plasma glucose levels, both at the time of our
examination and in the past. Therapy may be intensi-
fied when serious microangiopathy is discovered.
This would tend to obscure the relationship between
blood glucose level and the risk of microangiopathy
in a cross-sectional study of this type. In addition, re-
nal failure may be attended by an amelioration of hy-
perglycaemia and proteinuria may be caused by dis-
eases other than diabetes. This would tend to hide a
relationship of the degree of glycaemia with diabetic
nephropathy. Duration of undiscovered diabetes is
probably less in insulin-treated patients than in those
not treated with insulin. This would also cause an un-
der-estimation of the effect of plasma glucose level
when cases were matched for duration of known dia-
betes. It is, therefore, not surprising that the degree of
association of microangiopathy with a single plasma
glucose was modest in these circumstances.

Because nephropathy is frequently associated
with raised blood pressure, it is difficult to determine
in a prevalence study whether blood pressure is a
cause of retinopathy or nephropathy. Our data pro-
vide no conclusive support for blood pressure as a risk
factor for retinopathy or nephropathy, but they do not
exclude the possibility that blood pressure is mildly
deleterious in this respect.

Some differences were observed among the nine
populations in the associations of plasma glucose val-
ues with the various factors. However, the general
trends were similar. In each of four races (Indians,
American Indians, Caucasoids and Japanese), there
was a positive relationship between plasma glucose
and microvascular disease.

There were interpopulation differences of moder-
ate degree in rates of retinopathy and proteinuria [2,
4]. These differences are partly explained by interpop-
ulation differences in the duration and type of dia-
betes. Some of the differences were probably attribut-
able to incomplete standardisation of the execution of
the standardised protocols for examining the retinae
and urine[1, 4). In the pooled data, sub-optimal stand-
ardisation would cause an under-estimation of the de-
gree of association between variables that were relat-
ed. Presumably, however, the standardisation would
be better within populations. Therefore, we examined
these relationships both within and among popula-
tions. We are also aware of other grounds for caution
in interpreting the results of analyses on pooled data.
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On the other hand, the validity of trends observed in
the pooled data were strengthened by confirmation of
such trends when the intrapopulation data were ex-
amined.
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