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In most survival studies in NIDDM, microalbuminuria
(urinary albumin excretion rate 20-200 pg/min) predicts
early mortality; in cross-sectional studies, it is associated
with coronary heart disease (CHD) morbidity. It is
unclear, however, whether microalbuminuria is a risk
factor for the development of CHD or the result of it, and
little is known of the factors that predispose to the
development of microalbuminuria in NIDDM. We exam-
ined these issues in a 7-year prospective study of a hos-
pital-based cohort comprising 146 white NIDDM
patients without clinical albuminuria. Microalbuminuria
was a significant risk factor for both all-cause mortality
(relative risk 3.94, 95% CI 2.04-7.62) and CHD mortal-
ity (relative risk 7.40, 95% CI 2.94-18.7) when adjusted
for age only. Its independent predictive power did not
persist, however, in age-adjusted multivariable survival
analysis that allowed for the other significant risk fac-
tors: male sex, preexisting CHD, high levels of glycated
hemoglobin, and high serum cholesterol. Among men
free of CHD at baseline, the independent risk factors for
CHD morbidity and mortality were microalbuminuria,
current smoking, high diastolic blood pressure, and high
serum cholesterol (all P < 0.05). For the 100 NIDDM
patients with normoalbuminuria at baseline, the inci-
dence of microalbuminuria was 29% over the 7-year
period. In that group, fasting plasma glucose, current
smoking, preexisting CHD, and high initial urinary albu-
min excretion rate were risk factors for the develop-
ment of microalbuminuria (all P < 0.05). When men and
women were analyzed separately, preexisting CHD was
a significant risk factor in men only. These results
demonstrate that microalbuminuria predicts incident
clinical CHD in men with NIDDM. Preexisting CHD is also
a risk factor for incident microalbuminuria in men, how-
ever, suggesting that microalbuminuria and CHD are not
causally related but rather reflect common determi-
nants. Diabetes 47:1786-1792, 1998
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eople with NIDDM are at markedly increased risk
for coronary heart disease (CHD). Established
major risk factors explain this risk only in part
(1,2). In recent years, microalbuminuria has been
recognized as a powerful and largely independent marker of
vascular risk in diabetes (3,4). In IDDM, microalbuminuria is
an early pointer to progressive renal disease and cardiovas-
cular mortality (5-7). Microalbuminuria also predicts the
development of clinical albuminuria in NIDDM (4), but its
major prognostic implication, at least in white NIDDM
patients, is the approximately doubled risk of mortality,
largely from cardiovascular disease (8). This relationship
appears to be independent of other established risk factors in
most studies (3,4,9-14)—including an earlier 3-year follow-up
for mortality in the present cohort (15)—but not in all (16-18).
A significant association has also been found between CHD
morbidity and increased urinary albumin excretion in cross-
sectional NIDDM studies (19,20), but it is unclear whether
microalbuminuria operates as an independent risk factor for
the development of CHD or is the result of it. Moreover,
reports on the factors that predispose NIDDM patients to the
development of microalbuminuria are scarce, and findings
differ between studies (14,21-25). Because the evolution of dia-
betic cardiovascular and renal disease is potentially modifiable,
investigation of microalbuminuria’s determinants is impor-
tant. We undertook this 7-year follow-up study of a well-
defined cohort of NIDDM patients to examine the role of
microalbuminuria as a risk factor for the development of
CHD morbidity and mortality and identify factors that pre-
dispose patients to the development of microalbuminuria.

RESEARCH DESIGN AND METHODS

The cohort was assembled from all patients with NIDDM attending the diabetes
clinic at Lewisham Hospital, London, in 1984 and has been described in detail
(15,19). NIDDM was defined using World Health Organization (WHO) criteria in
subjects diagnosed at age >30 years who had no history of ketosis and did not
require insulin in the first year after diagnosis. In brief, all 311 patients in the 31-64
age-range were asked to fast for 10-12 h overnight, collect a timed overnight urine
sample, and attend the clinic the next morning. Of the 274 (88%) responders, 167
(61%) were of European (white), mostly British, ethnic origin, 86 (31%) were Afro-
Caribbean, and 21 (8%) were South Asian. Patients underwent a standardized base-
line assessment of cardiovascular and renal status and relevant risk factors. They
were reexamined twice, a median (interquartile range) of 2.9 (2.6-3.0) and 7.1
(6.8-7.8) years later. This report is confined to the white NIDDM patients, in
whom survivor response rates were 89% at 3 years and 95% at 7 years.

Of the 167 patients, 162 (97%) provided a baseline urine sample. Sixteen
patients were excluded from analysis: four each with hematuria, urinary tract infec-
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tion, asingle kidney, and clinical albuminuria. Of the remaining 146 patients, 71%
took oral antidiabetic therapy, 5% injected insulin, and 24% used dietary treatment
alone. These patients formed the cohort for examination of risk factors for all-
cause mortality, as previously reported (15), and CHD mortality. To determine
risk factors for development of new CHD, the 50 patients with baseline CHD were
excluded, leaving 96 patients (39 women, 57 men). To study determinants of
microalbuminuria, of the original 146 patients, 37 (25%) with baseline microal-
buminuria were excluded. A further 9 patients (7 of whom had died) did not
attend the clinic after the initial visit, leaving 100 eligible patients with baseline
normoalbuminuria for analysis; there was no significant difference in any meas-
ured variable between the 9 patients who attended only the initial visit and the
100 eligible patients. In this analysis, we used 3-year values for the four patients
who did not attend the 7-year examination and the nine who died before it. The
Lewisham Hospital Ethics Committee approved the study. Patients received a full
written explanation of the procedures.

Methods were as previously described and remained unchanged at all three
examinations (15,19). Smoking habits were assessed at baseline only. Weight
and height were measured in indoor clothes, and BMI was calculated. Question-
naires were used to collect information on past medical history, smoking habits,
and cardiovascular symptoms. Arterial blood pressure (phases 1 and 5), taken in
the sitting position with a standard clinical sphygmomanometer, was recorded as
the mean of two measures. A resting 12-lead electrocardiogram (ECG) was
recorded and analyzed according to the Minnesota code (26). Biochemical meth-
ods have been described (15). Fasting venous blood samples were collected, and
the major serum lipoprotein classes VLDL, LDL, and HDL and HDL's major sub-
fractions HDL , and HDL ; were separated by ultracentrifugation. Serum total and
lipoprotein fractional triglycerides and cholesterol were assayed by standard
enzymatic methods. Total glycated hemoglobin (HbA,) (reference range 4.9-7.5%)
was measured by electroendosmosis. The interassay coefficient of variation (CV)
was 5.2% at a mean HbA, of 10.9%. Because of technical problems (clotting due
to insufficient mixing) in eight samples, results are available in only 138 of the 146
study patients. Plasma glucose was measured by a hexokinase method, and serum
insulin by radioimmunoassay (RIA). The seven patients receiving injected insulin
were notincluded in insulin assays. Urinary albumin concentration was measured
by an RIA (interassay CV 8%) developed in this laboratory (27), and urinary albu-
min excretion rate (UAER) was calculated from the product of concentration and
timed urine flow. Urine was cultured in samples positive for blood, protein, or nitrite
on dipstick testing; if urinary tract infection was found, patients submitted new
urine samples after appropriate therapy. A single overnight urine sample was
obtained at baseline, but at least two samples were obtained at follow-up visits.
If both UAER values did not fall in the same category of albumin excretion,
another sample was obtained and the mean of the two values in a single category
was used.

Definitions. The categories normoalbuminuria, microalbuminuria, and clinical
albuminuria were defined by UAER <20 pg/min, 20-200 pg/min, and >200 pg/min,
respectively (28). Current smokers were defined as those smoking one or more cig-
arettes per day, ex-smokers as those who in the past smoked at least three cigarettes
per day for at least 2 years, and nonsmokers as all others. Hypertension was
defined as a systolic blood pressure of 3160 mmHg, diastolic pressure of 395
mmHg, or current antihypertensive therapy. CHD was defined as positive
responses to the WHO cardiovascular questionnaire (26) (angina or past myocar-
dial infarction) or by ECG Minnesota codes defining possible ischemia (1-3: 4-1, 4-
2, or 4-3 if accompanied by 5-1, 5-2, or 5-3) or probable ischemia (1-1, 1-2, or 7-1).
Underlying causes of death were obtained from death certificates supplied by the
U.K. Office of National Statistics (one patient died abroad and a death certificate
could not be obtained). Additional information was available from hospital clini-
cal records. In those without clinical evidence of CHD at baseline, its new devel-
opment was defined as CHD morbidity found at one or both of the two follow-up
visits or death from CHD (International Classification of Diseases, 9th revision, codes
410-414). Patients who died of other causes were included in the group without
CHD. In patients with normal UAER at baseline, the development of microalbu-
minuria was defined as a UAER 320 ug/min on at least two occasions at either of
the two follow-up visits and includes those with clinical albuminuria. The incidence
was expressed per 100 person-years. The period of risk extended from the date of
the first examination to the date on which microalbuminuria was first detected or,
in those in whom it did not develop, to the date of their final examination.

Statistical analysis. Statistical analysis was carried out using SAS (29). UAER,
serum insulin, total triglycerides, and VLDL triglycerides were log,, transformed
to normalize their skewed frequency distributions. The Cox proportional hazards
model was used for the analysis of all-cause and CHD mortality because duration
of follow-up until death was known with some precision. Clinical and laboratory
variables were initially examined in bivariable models that adjusted for age. In
assessing the importance of microalbuminuria as a causal risk factor, our analytical
strategy was to examine the significance of microalbuminuria in a multivariable
model that adjusted for other variables of importance. The selection procedure
followed that described by Collett (30). Initially, we employed a backward elim-
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ination procedure. Microalbuminuria, age, and sex were entered along with all
those variables that were significant (that is, conventionally significant [P < 0.05]
or of borderline significance [P = 0.05 but P =< 0.10]) at the bivariable level. Age,
seX, and microalbuminuria were held in, the least significant variable was elimi-
nated, and the significance of each variable remaining in the model was reevalu-
ated. The procedure was repeated until all remaining variables were significant
at P <0.05. Finally, other variables that were considered of importance, even if
not significantly related to all-cause or CHD mortality in the bivariable Cox analy-
sis, were introduced into the models (since there was a possibility that they
could be significant in a larger model by confounding) and included if P < 0.05.
The results for continuous variables give the relative risk (RR) associated with a
1 SD increase in the risk factor. The development of new CHD and the develop-
ment of microalbuminuria were analyzed with logistic regression because precise
follow-up intervals were not known. Each variable was first entered in an age-
adjusted bivariable model. All variables found significant at P = 0.10 were then
entered in an age- and sex-adjusted multivariable model (age and sex were held
in). The final models were obtained using the selection criteria described above
for the Cox regression. These analyses were also performed separately in men and
women. Full data were available for all 146 patients, except for eight with miss-
ing HbA, values. Since one of those eight patients subsequently died, the results
in the multivariable models for all-cause mortality relate to 35 deaths (rather than
36) and multivariable models containing HbA, are based on 138 patients rather
than the full 146.

RESULTS

Table 1 shows the baseline clinical and biochemical features
of the 146 NIDDM patients and compares the characteristics
in patients with and without baseline microalbuminuria and
baseline CHD. Patients with microalbuminuria were charac-
terized by longer duration of diabetes and higher BMI, serum
cholesterol, fasting plasma glucose, prevalence of hyperten-
sion (P < 0.05), triglycerides, diastolic blood pressure, HbA,,
and prevalence of CHD (P < 0.01). Patients with CHD were
characterized by higher systolic blood pressure and serum
cholesterol (P < 0.05), longer duration of diabetes, and higher
UAER, serum triglycerides, and prevalence of microalbu-
minuria and hypertension (P < 0.01).

All-cause mortality. During the median 7-year follow-up
until January 1994, 36 (25%) of 146 patients had died, 23 (28%)
of 82 men and 13 (20%) of 64 women, a nonsignificant differ-
ence (P =0.28). In univariate survival analysis, baseline age was
significantly related to all-cause mortality (RR 2.10, 95% CI
1.26-3.51). In age-adjusted bivariable survival analysis, the
baseline variables significantly related to all-cause mortality
were log,, UAER, microalbuminuria, male sex, known duration
of diabetes, diastolic blood pressure, HbA,, serum cholesterol,
LDL cholesterol, log,, serum triglycerides, and log,, VLDL
triglycerides (Table 2). All those variables were entered in a
backward elimination Cox model, with age, microalbuminuria,
and sex kept in by design. In the final model, which included age,
sex, preexisting CHD, HbA,, and serum cholesterol (Table 3),
microalbuminuria was no longer significantly related to all-
cause mortality (RR 1.15, 95% CI 0.47-2.84). The RR for con-
tinuous risk factors is that associated with an increase of 1 SD
in the risk factor. For example, for all-cause mortality an
increase in HbA, of 1.92 percentage units (that s, 1 SD) is asso-
ciated with a relative risk of 1.42, that is, a 42% increase in risk
(Table 3). When we entered other baseline variables (such as
smoking and systolic blood pressure) that did not show a signi-
ficant bivariable relation to all-cause mortality in the present
study but were potentially related to mortality, there was no
change in their significance in the final model.

Effect of follow-up time. The effect of microalbuminuria
as a risk factor for all-cause mortality appeared to diminish
with time. Thus the age- and sex-adjusted RR of 3.69 (95% CI
1.84-7.42) in the present 7-year analysis with 36 deaths was
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TABLE 1
Baseline clinical and laboratory findings in NIDDM patients by microalbuminuria and CHD

Microalbuminuric Normoalbuminuric With CHD Without CHD All patients
n (M/W) 37 (28/9) 109 (54/55) 50 (25/25) 96 (57/39) 146 (82/64)
Age (years) 59 (55-62) 58 (53-63) 59 (56-63) 58 (51-62) 59 (53-63)
Known duration of diabetes (years) 6 (3-10)* 4 (2-7) 7 (4-10)t 3 (2-6) 5 (2-9)
BMI (kg/m?) 30.2 (28.1-33.8)*  28.6 (24.9-32.1) 30.2 (27.3-33.2) 28.6 (25.1-32.1) 29.0 (25.6-32.6)
Urinary albumin excretion (ug/min) 67.8 (29.9-98.5)1 5.8 (3.8-9.9) 16.5 (5.5-68.0)T 6.6 (4.2-12.4) 7.3 (4.4-20.8)
Fasting plasma glucose (mmol/l) 10.5 (8.2-13.0)* 8.8 (7.6-10.6) 9.5 (7.5-13.3) 9.0 (7.8-11.5) 9.1 (7.6-11.8)
HbA, (%) 9.7 (8.6-11.0)t 8.3 (7.3-10.0) 9.1 (8.0-10.4) 8.7 (7.5-10.2) 8.9 (7.5-10.3)
Systolic blood pressure (mmHg) 154 (132-158) 142 (128-154) 150 (138-158)* 142 (127-154) 144 (130-154)
Diastolic blood pressure (mmHQ) 88 (82-92) 7 82 (72-90) 85 (76-92) 82 (74-88) 84 (76-90)
Serum cholesterol (mmol/l) 6.74 + 0.26* 6.05+0.12 6.61 £ 0.21* 6.02 £0.13 6.22+0.12

Serum triglycerides (mmol/l)
Prevalence

2.39 (1.87-3.75)1

1.68 (1.11-2.50)

2.14 (1.50-3.15)t 1.74 (1.06-2.50) 1.91 (1.20-2.72)

Microalbuminuria — — 22 (45t 15 (16) 37 (25)
Coronary heart disease 22 (59)t 28 (26) — — 50 (34)
Current smoking 13 (35) 37 (34) 15 (34) 35 (36) 50 (34)
Hypertension 22 (59)* 41 (38) 31 (62)t 32 (33) 63 (43)

Data are means = SE, median (interquartile range), or n (%). *P < 0.05, tP < 0.01 for micro- versus normoalbuminuria and for those

with versus those without CHD.

lower than that found after only the first 3 years of follow-
up with 14 deaths (RR 8.97, 95% CI 2.69-29.9) (14). This sug-
gests that microalbuminuria may be a predictor of short-
term mortality only.

Coronary heart disease mortality. Of the 36 deaths, 20
were due to CHD, 15 (18%) among the 82 men and 5 (8%)
among the 64 women, a difference of borderline significance
(P =0.07). Of 18 patients with microalbuminuria, 13 (72%) died
from CHD compared with 7 (39%) of 18 with normoalbu-

TABLE 2
Risk factors for all-cause and CHD mortality in NIDDM patients
after adjustment for age only

All-cause mortality CHD mortality

Sex(M=1,F=0)

Known duration of
diabetes (years)

Microalbuminuria
(yes/no)

Log,, UAER (pg/min)

Preexisting CHD (yes/no)

Diastolic blood pressure

1.79 (0.90-3.57)  2.92 (1.05-8.10)

1.30 (0.97-1.75) 153 (1.05-2.24)
3.94 (2.04-7.62)
1.70 (1.27-2.28)
2.63 (1.36-5.10)

7.40 (2.94-18.7)
2.27 (1.53-3.36)
2.66 (1.10-6.43)

minuria (P < 0.05). In univariate survival analysis, baseline age
had an association of borderline significance with CHD mor-
tality (RR 1.71, 95% CI 0.93-3.14). In age-adjusted bivariable
survival analysis, the baseline variables significantly related
to CHD mortality were essentially the same as those for all-
cause mortality and included microalbuminuria (Table 2).
Microalbuminuria was also a significant predictor of CHD
mortality in separate bivariable analysis in men and women.
Multivariable analysis was carried out as described above for
all-cause mortality, with the same variables in the initial
model. The final model contained age, male sex, preexisting
CHD (kept in the model by design even though P = 0.068),
serum cholesterol, and HbA, (Table 3); microalbuminuria
did not emerge as a significant independent risk factor for
CHD mortality (RR 1.83, 95% CI 0.56-6.04).

Incidence of new CHD events. Features of the group of 96
patients (57 men, 39 women) free of CHD at baseline are

TABLE 3
Risk factors for all-cause and CHD mortality in NIDDM patients
in multivariable analysis

All-cause mortality CHD mortality

(mmHg)
HbA, (%)

Serum cholesterol

(mmol/l)

LDL cholesterol (mmol/l)
Log,, triglycerides

1.35 (0.96-1.89)
1.57 (1.16-2.12)

2.08 (1.50-2.89)
2.03 (1.42-2.91)

1.62 (1.02-2.58)
1.81 (1.24-2.65)

2.35 (1.51-3.67)
2.01 (1.24-3.28)

Age (years)
Sex(M=1,F=0)

Microalbuminuria (yes/no)
Preexisting CHD (yes/no)

HbA, (%)

2.42 (1.31-4.46)
2.77 (1.17-6.52)
1.15 (0.47-2.84)
2.28 (1.05-4.96)
1.42 (1.02-1.96)

Serum cholesterol (mmol/l) 2.13 (1.49-3.06)

2.01 (0.94-4.30)
3.82 (1.16-12.6)
1.83 (0.56-6.04)
2.72 (0.93-7.94)
1.53 (1.01-2.32)
2.50 (1.50-4.17)

(mmol/l) 1.60 (1.14-2.24)  1.99 (1.24-3.19)
Log,, VLDL triglycerides
(mmol/l) 1.57 (1.09-2.26) 2.08 (1.27-3.41)

Data are RR (95% Cl). Results are from Cox proportional hazards
analysis. For continuous variables, RRs are standardized to a
change of 1 SD (duration = 4.2 years, log,, UAER = 0.52, log,,
triglycerides = 0.26, log,, VLDL triglycerides = 0.37, diastolic
blood pressure = 10.7 mmHg, HbA; = 1.92%, cholesterol = 1.38
mmol/l, LDL cholesterol = 1.09 mmol/l).

1788

Data are RR (95% CI). Results are final models from Cox pro-
portional hazards analysis. Variables entered initially in the
backward elimination model were log,, UAER, microalbuminuria,
sex, age, known duration of diabetes, diastolic blood pressure,
HbA,, serum cholesterol, LDL cholesterol, log,, triglycerides,
and log,, VLDL triglycerides. For continuous variables, RRs are
standardized to a change of 1 SD (age = 8.0 years, HbA, = 1.92%,
serum cholesterol = 1.38 mmol/l).
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TABLE 4
Risk factors for CHD morbidity and mortality in men with
NIDDM who were free of CHD at baseline

Multivariable-

Age-adjusted adjusted

Microalbuminuria (yes/no) 7.16 (1.71-29.9)
Current smoking (yes/no)  3.58 (1.10-11.6)
Diastolic blood pressure
(mmHg) 2.26 (1.12-4.53)
Serum cholesterol (mmol/l) 1.74 (0.97-3.13)
Log,, serum triglycerides
(mmol/l)
Hypertension (yes/no)

10.0 (1.63-61.4)
6.53 (1.37-31.1)

3.21 (1.21-8.52)
2.31 (1.01-5.29)

1.64 (0.93-2.88) —
3.14 (0.98-10.1) —

Data are OR (95% CI). Results are age adjusted. Variables consid-
ered in logistic regression analysis were microalbuminuria, dias-
tolic blood pressure, current smoking, serum cholesterol, log,,
serum triglycerides, and hypertension. For continuous variables,
ORs are standardized to a change of 1 SD (diastolic blood pressure
=9.8 mmHg, serum cholesterol = 1.20 mmol/l, log,, serum triglyc-
erides = 0.28).

shown in Table 1. In this group there were 40 new cases of
CHD, a cumulative incidence of 42% over the 7-year period.
Evidence of new CHD was based on death from CHD (8
men, 1 woman), angina pectoris or history of myocardial
infarction (6 men, 3 women), one of the latter plus ECG
abnormalities (3 men, 1 woman), or ECG changes alone (6
men, 12 women). In age-adjusted bivariable logistic regression
with new CHD morbidity and mortality as outcome, the signi-
ficant risk factors were microalbuminuria (odds ratio [OR]
6.11, 95% CI 1.66—22.4) and UAER (standardized odds ratio
[SOR] 1.83, 95% CI 1.15-2.94). Log,, serum triglycerides (SOR
1.53, 95% CI 0.99-2.37) and log,, serum insulin (SOR 1.57, 95%
Cl 0.99-2.47) were of borderline significance. In age- and
sex-adjusted multivariable analysis including microalbumin-
uria, log,, UAER, log,, triglycerides, and log,,serum insulin,
only microalbuminuria was significant in the final model (OR
7.14,95% CI 1.86-27.3). Only one woman, however, had base-
line microalbuminuria and was also initially free of CHD (she
later had a nonfatal myocardial infarction). It was therefore
not possible to reliably examine the predictive ability of
microalbuminuria for new CHD in women or extrapolate
results to both men and women. In men (Table 4), the signi-
ficant age-adjusted risk factors for new CHD were diastolic
blood pressure, current smoking, and microalbuminuria (OR
7.16, 95% CI 1.71-29.9). Serum cholesterol, log,, serum
triglycerides, and hypertension were of borderline signifi-
cance, but neither HbA, nor fasting plasma glucose was signi-
ficantly associated with new CHD risk. In multivariable
analysis, the final model contained microalbuminuria (OR
10.0, 95% CI 1.63-61.4), current smoking, diastolic blood
pressure, and serum cholesterol. Age was also significant in
this model (SOR 3.25, 95% CI 1.26-8.37).

Development of microalbuminuria. Baseline clinical and
biochemical features of the 109 NIDDM patients (54 men, 55
women) with initial normoalbuminuria are shown in Table 1.
Of those patients, 9 did not return for a further visit, leaving 100
patients for follow-up analysis; the baseline characteristics of
those 100 were closely comparable to the initial group of 109.
After a median of 3 years of follow-up, 13 patients (6 men, 7
women) had developed microalbuminuria. After a median of
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7 years, a further 16 patients (9 men, 7 women) had developed
microalbuminuria. Of those patients, 6 (all women) had pro-
gressed to clinical albuminuria by the end of follow-up. Thus,
29 patients (15 men, 14 women) had developed microalbu-
minuria or clinical albuminuria, a cumulative incidence of 29%
over the 7-year period or 4.6 cases per 100 person-years.
Risk factors associated with the development of microal-
buminuria. The age-adjusted risk factors significantly asso-
ciated with the development of microalbuminuria in logistic
regression analysis were fasting plasma glucose (SOR 1.87,
95% CI 1.17-3.00), UAER (SOR 1.97, 95% CI 1.20-3.23), and
HbA, (SOR 1.76, 95% CI 1.10-2.83). Risk factors of borderline
significance were current smoking (versus those who never
smoked) (OR 3.07, 95% CI 0.93-10.2), low serum HDL cho-
lesterol (SOR 1.51, 95% CI 0.92-1.95), and log;,, triglycerides
(SOR 1.44, 95% CI 0.92-2.26). Systolic blood pressure (SOR
1.33, 95% CI 0.80-2.21), diastolic blood pressure (SOR 1.25,
95% CI 0.81-1.95), preexisting CHD (OR 1.90, 95% ClI
0.73-4.96), and hypertension (OR 1.10, 95% CI 0.49-3.06)
were not significantly related to the outcome. Baseline factors
significantly associated with the development of microalbu-
minuria in age- and sex-adjusted multivariable analysis
(Table 5) were fasting plasma glucose, UAER, and current
smoking. We examined the effect of entering other baseline
variables in the model, such as preexisting CHD and arterial
blood pressures, that did not themselves show a significant
bivariable relation to development of microalbuminuria but
were potentially related in larger models. Doing so resulted
in a final model that also contained preexisting CHD as a risk
factor for development of microalbuminuria (OR 3.61, 95% Cl
1.09-11.9). Men and women were also analyzed separately,
although numbers were small. In men, the bivariable risk
factors significant at P < 0.10 (UAER, preexisting CHD, glu-
cose, HDL cholesterol, and serum triglycerides) were ini-
tially entered in an age-adjusted multivariable model, in
which other potential risk factors that were not in them-
selves significant in bivariable analysis, such as current
smoking, were later examined as well. In the final model,
plasma glucose, current smoking, and preexisting CHD (OR
27.8, 95% CI 2.89-267.0) emerged as significant risk factors for
the development of microalbuminuria; UAER was of only
borderline significance in this model. In women, only plasma
glucose emerged as significant in the final multivariable
model. Overall, the results in men indicate that on the one
hand, preexisting CHD precedes the development of microal-
buminuria, but on the other hand, microalbuminuria pre-
cedes the development of CHD.

DISCUSSION

The findings of most previous retrospective (3,4,9) and
prospective (10-14) survival studies in NIDDM subjects,
including an earlier short-term follow-up for mortality in the
present cohort (15), have suggested that microalbuminuria is
an independent risk factor for all-cause and CHD mortality.
The present 7-year prospective study confirms that after
adjustment for age only, microalbuminuria is a strong pre-
dictor for all-cause and CHD mortality. Microalbuminuria’s
predictive power did not persist, however, in statistical analy-
ses allowing for the effects of the other important risk fac-
tors—preexisting CHD, serum cholesterol, and glycated
hemoglobin. The findings of other recent prospective studies
have also cast some doubt on microalbuminuria’s status as an
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TABLE 5
Multivariable risk factors associated with the development of microalbuminuria in NIDDM patients

All subjects Men Women

n 100 49 51

Fasting plasma glucose (mmol/l) 2.27 (1.33-3.88) 3.93 (1.35-11.5) 2.28 (1.14-4.55)
Log,, UAER (pg/min) 1.84 (1.09-3.11)
Current smoker (yes/no) 3.72 (1.23-11.3)
Preexisting CHD (yes/no) 3.61 (1.09-11.9)

10.9 (1.27-92.8) —
27.8 (2.89-267.0) —

Data are OR (95% CI). Results are age and sex adjusted in the all-subjects group and are from logistic regression analysis. For con-
tinuous variables, ORs are standardized to a change of 1 SD (plasma glucose = 2.86, log,, UAER = 0.28). In separate analysis in men
and women, results are age adjusted. In men, SD for plasma glucose = 2.71 mmol/l and for log,, UAER = 0.23; in women, SD for plasma
glucose = 3.00 mmol/l. Variables initially considered in the backward elimination analysis were fasting plasma glucose, HbA,, log,,

UAER, and current smoking.

independent risk factor for macrovascular death in NIDDM
(16-18). An important finding of this study is that, at least in
men, CHD and microalbuminuria are shown to precede each
other, suggesting that both disorders are downstream
expressions of some common etiology.

Our finding that microalbuminuria is not an independent
risk factor for all-cause and CHD mortality in NIDDM is
largely attributable to the confounding effect of other impor-
tant cardiovascular risk factors. In earlier longitudinal stud-
ies of an association between microalbuminuria and early
mortality (3,4,9), neither baseline cardiovascular status nor
plasma lipids were taken into account. Our study shows that
these factors help explain the predictive power of microal-
buminuria. The way in which preexisting CHD is defined
may also be relevant. Although Neil et al. (11) found that
microalbuminuria was a significant risk factor for all-cause
and CHD mortality in NIDDM, there was no significant uni-
variate association between baseline CHD and all-cause mor-
tality. Since their definition of CHD rested on symptomatic evi-
dence alone without systematic use of ECGs, the effect of
baseline CHD may have been underestimated. Similarly,
MacLeod et al. (12) found age, baseline CHD, and UAER to
be risk factors for all-cause mortality in multivariable analy-
sis in NIDDM, but ECGs were not performed and plasma
lipids were not assessed.

In our earlier 3-year follow-up report in the present
NIDDM cohort, microalbuminuria emerged as a significant
predictor of all-cause mortality in multivariable survival
analysis (15). Why, then, is microalbuminuria apparently no
longer an independent risk factor for mortality when follow-
up is extended to 7 years? A possible reason is that microal-
buminuria is only a predictor of short-term mortality, as
Damsgaard et al. have suggested (31). Our study findings are
in accord with that proposal, in that the age- and sex-
adjusted RR of microalbuminuria for all-cause mortality of the
first 3 years of follow-up is less than that of the full 7-year
period. Another explanation may be that our earlier study,
based on a 3-year follow-up and only 14 fatal events, did not
have the statistical power to identify other, weaker, risk fac-
tors that have now emerged as more significant after 7 years
of follow-up and 36 fatal events; two such factors in this
study are glycated hemoglobin and sex. It is notable that
when the same risk factors used in multivariable survival
analysis in the 3-year study (where glycated hemoglobin and
sex had not been included)—that is, microalbuminuria, age,
preexisting CHD, hypercholesterolemia (serum cholesterol
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36.5 mmol/l), and hypertriglyceridemia (fasting triglycerides
3 2.3 mmol/l)—were examined in the same way after 7 years
of follow-up, microalbuminuria remained a significant,
apparently independent, predictor of all-cause mortality. If,
however, sex and glycated hemoglobin were also taken into
account in the multivariable analysis, the independent pre-
dictive power of microalbuminuria was lost (results not
shown). Other recent prospective studies have also found evi-
dence that poor glycemic control is a risk factor for mortal-
ity in NIDDM (13,14), and several possible mechanisms by
which hyperglycemia could accelerate the atherosclerotic
process have been suggested (32,33).

Microalbuminuria was found to be a risk factor for the
development of CHD morbidity and mortality in NIDDM men
free of CHD at recruitment. That finding extends our earlier
observation of a cross-sectional association between raised
UAER and CHD prevalence in this cohort (19). Age, dias-
tolic blood pressure, smoking, and serum cholesterol were
also CHD risk factors, but the predictive power of microal-
buminuria was independent of them. Although microalbu-
minuria preceded the development of clinical CHD in our
study, we cannot exclude the possibility that sub-clinical
CHD might already have been present in the patients with
microalbuminuria. In IDDM patients, microalbuminuria has
recently been shown to be associated with silent myocardial
ischemia (34). It was therefore important to examine which
factors predisposed patients to the development of microal-
buminuria in NIDDM.

In our study, among men and women with normal UAERs
at baseline, poor glycemic control, smoking, preexisting
CHD, and the baseline level of UAER itself were significant
independent risk factors for the development of microalbu-
minuria. The cumulative incidence of microalbuminuria was
29% over the 7-year period, equivalent to 4.6 cases per 100 per-
son-years. That incidence is similar to the 5-year incidence of
23% recently reported in Danish NIDDM patients (25). Higher
incidence rates have been reported in certain ethnic groups
with NIDDM, such as in Japanese (35) and Pima Indians (36).

Poor glycemic control emerged as a significant risk factor
for the development of microalbuminuria, in accord with
findings in IDDM (37,38), but results from prospective stud-
ies of NIDDM patients have been less consistent (14,23-25).
As has been observed in IDDM patients (37,38), we found the
initial level of UAER in NIDDM patients to be positively
related to the risk of developing microalbuminuria. Patients
destined to develop albuminuria may have albumin excretion
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rates that are rising faster through the normal range, or they
may exhibit intrinsically higher initial UAERSs as a marker of
susceptibility. Diabetic nephropathy occurs in familial clus-
ters (39), and nondiabetic first-degree relatives of patients with
increased UAERs and NIDDM have recently been shown to
have raised UAERs (40), observations consistent with the
hypothesis that heredity helps to determine susceptibility to
diabetic nephropathy.

For the first time in a prospective study, smoking was
found to be associated with the development of microalbu-
minuria in NIDDM patients, in keeping with some earlier
cross-sectional data (20). In IDDM, smoking has also been
shown to be a risk factor for development of microalbumin-
uria (38) and has been implicated, in some studies, in the pro-
gression of established nephropathy (41). Perhaps surpris-
ingly, our study showed no relation between baseline levels
of arterial blood pressure or the prevalence of hypertension
and the onset of microalbuminuria. This observation con-
trasts with results of prospective studies in IDDM (37,38,42),
but there is some controversy in NIDDM, with studies report-
ing either an important influence of baseline blood pressure
(24) or no effect (14,23,25).

Inview of the finding that microalbuminuria was arisk fac-
tor for incident CHD in men, factors predicting the develop-
ment of microalbuminuria were also examined separately
in men and women. In multivariable analysis in men, preex-
isting CHD, fasting plasma glucose, and current smoking
were significant risk factors for the development of microal-
buminuria; in women, fasting plasma glucose was the only
significant risk factor. However, as numbers were small and
confidence intervals wide, these findings must be interpreted
with caution. Gall et al. (25) also noted a higher prevalence
of preexisting CHD among NIDDM patients who subse-
quently developed incipient or overt nephropathy.

Given that microalbuminuria precedes the development of
new CHD and preexisting CHD precedes the development of
microalbuminuria in male NIDDM patients in our study, it
can be hypothesized that each occurs as a result of a common
determinant. A number of different mechanisms could be
postulated to link CHD to microalbuminuria, including insulin
resistance (43), a generalized increase in vascular permeabil-
ity (44), endothelial dysfunction (45,46), and alterations in
the atherogenicity of lipoprotein particles in the presence of
hyperglycemia (47). Itis unknown, however, whether a reduc-
tion of UAER in NIDDM patients with microalbuminuria is
associated with a reduction in CHD incidence.

One has to accept that NIDDM patients recruited in a hos-
pital setting may not be representative of all such patients in
the population, although when our study began in 1984 most
NIDDM patients in the U.K. were being treated in hospital dia-
betes clinics. As in most studies initiated in that period, our
baseline classification of UAER was based on measurements
in a single timed overnight urine collection. During the follow-
up, however, at least two values of UAER had to be in the
same category before classification was made. Because of its
relatively small sample size and number of events, this study
has limited power in identifying weaker risk factors. Also,
because the risk factors for development of new CHD and
development of microalbuminuria varied depending on
whether men, women, or all patients were used in the model
and because confidence intervals were wide, our findings
can be regarded as suggestive but not conclusive.
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In conclusion, in men free of clinical CHD at study entry,
microalbuminuria is a significant predictor for CHD morbid-
ity and mortality. On the other hand, preexisting CHD in men,
but not in women, is a risk factor for development of microal-
buminuria. In the presence of preexisting CHD and other
major risk factors, microalbuminuria loses its independent
predictive power for all-cause and CHD mortality. These
observations suggest that microalbuminuria may not be
causally related to CHD, but that both microalbuminuria and
CHD may be the result of some common determinant of vas-
cular injury.

ACKNOWLEDGMENTS

This work was supported by a grant from the Wellcome Trust.

We thank Graham Scott for excellent technical assistance.
We also thank Nan Keen and Ceridwen Rose for Minnesota
coding of electrocardiograms throughout the study. We are
grateful to the late Dr. M.R. EI-Gohari for clinical support in
the original survey.

Parts of these studies were presented at the European
Association for the Study of Diabetes meetings in Dussel-
dorf, Germany (1994), and Stockholm, Sweden (1995), and
published in abstract form (Diabetologia 37:18, 1994, and
38:241, 1995).

REFERENCES

1. Panzram G: Mortality and survival in type 2 (non-insulin-dependent) diabetes
mellitus. Diabetologia 30:123-131, 1987
2. Stamler J, Vaccaro O, Neaton JD, Wentworth D: Diabetes and other risk fac-
tors and 12-year cardiovascular mortality for men screened in the Multiple Risk
Factor Intervention Trial. Diabetes Care 16:434-444, 1993
Jarrett RJ, Viberti GC, Argyropoulos A, Hill RD, Mahmud U, Murrells TJ:
Microalbuminuria predicts mortality in non-insulin dependent diabetics.
Diabet Med 1:17-19, 1984
4. Mogensen CE: Microalbuminuria predicts clinical proteinuria and early mor-
tality in maturity onset diabetes. N Engl J Med 310:356-360, 1984
. Viberti GC, Hill RD, Jarrett RJ, Argyropoulos A, Mahmud U, Keen H: Microal-
buminuriaas a predictor of clinical nephropathy in insulin-dependent diabetes
mellitus. Lancet i:1430-1432, 1982
Messent JWC, Elliott TG, Hill RD, Jarrett RJ, Keen H, Viberti GC: Prognostic
significance of microalbuminuria in insulin-dependent diabetes mellitus: A
twenty-three year follow-up study. Kidney Int 41:836-839, 1992
. Deckert T, Yokoyama H, Mathiesen E, Ronn B, Jensen T, Feldt-Rasmussen B,
Borch-Johnsen K, Jensen JS: Cohort study of predictive value of urinary albu-
min excretion for atherosclerotic vascular disease in patients with insulin
dependent diabetes. Br Med J 312:871-874, 1996
. Dinneen SF, Gerstein HC: The association of microalbuminuria and mortal-
ity in non-insulin-dependent diabetes mellitus. A systematic overview of the
literature. Arch Intern Med 157:1413-1418, 1997
Schmitz A, Vaeth M: Microalbuminuria: a major risk factor in non-insulin
dependent diabetes: a 10 year follow-up study of 503 patients. Diabet Med
5:126-134, 1988
. Damsgaard EM, Frgland A, Jargensen OD, Mogensen CE: Eight to nine year
mortality in known non-insulin dependent diabetics and controls: Kidney Int
41:731-735, 1992
11. Neil A, Hawkins M, Potok M, Thorogood M, Cohen D, Mann J: A prospective
population-based study of microalbuminuria as a predictor of mortality in
NIDDM. Diabetes Care 16:996-1003, 1993
12. MacLeod JM, Lutale J, Marshall SM: Albumin excretion and vascular deaths
in NIDDM. Diabetologia 38:610-616, 1995
13. Gall M-A, Borch-Johnsen K, Hougaard P, Nielsen FS, Parving H-H: Albumin-
uria and poor glycaemic control predict mortality in NIDDM. Diabetes
44:1303-1309, 1995
14. Niskanen LK, Penttil& I, Parviainen M, Uusitupa M: Evolution, risk factors, and
prognostic implications of albuminuria in NIDDM. Diabetes Care 19:486-493,
1996
. Mattock MB, Morrish NJ, Viberti GC, Keen H, Fitzgerald AP, Jackson PG:
Prospective study of microalbuminuria as predictor of mortality in NIDDM.
Diabetes 41:736-741, 1992
16. Uusitupa MIJ, Niskanen LK, Siitonen O, Voutilainen E, Pydréla K: Ten-year car-

w

{421

o

~

[oe]

©

1

(=)

1

(S

1791



MICROALBUMINURIAAND CHD IN NIDDM

diovascular mortality in relation to risk factors and abnormalities in lipopro-
tein composition in type 2 (non-insulin-dependent) diabetic and non-diabetic
subjects. Diabetologia 36:1175-1184, 1993

17. Standl E, Schnell O, Balletshofer B, Schleicher E, Muhr D, Ziegler AG,
Haslbeck M: Influence of diabetes mellitus on the heart and macrovascular
mortality. Diabetologia 40 (Suppl. 2):S125-S126, 1997

18. Wirta O, Pasternack A, Mustonen J, Laippala P: Renal and cardiovascular pre-

dictors of 9-year total and sudden cardiac mortality in non-insulin-depen-

dent diabetic subjects. Nephrol Dial Transplant 12:2612-2617, 1997

Mattock MB, Keen H, Viberti GC, EI-Gohari MR, Murrells TJ, Scott GS, Wing

JR, Jackson PG: Coronary heart disease and urinary albumin excretion rate

in type 2 (non-insulin-dependent) diabetic patients. Diabetologia 31:82-87, 1988

. Gatling W, Mullee MA, Knight C, Hill RD: Microalbuminuria in diabetes: rela-

tionships between urinary albumin excretion and diabetes-related variables.

Diabet Med 5:348-351, 1988

21. U.K. Prospective Diabetes Study Group. U.K. Prospective Diabetes Study
(UKPDS). X. Urinary albumin excretion over 3 years in diet-treated type 2 (non-
insulin-dependent) diabetic patients, and association with hypertension,
hyperglycaemia and hypertriglyceridaemia. Diabetologia 36:1021-1029, 1993

22.John L, Rao PS, Kanagasabapathy AS: Rate of progression of albuminuria in
type Il diabetes. Diabetes Care 17:888-890, 1994

23. Cooper ME, Frauman A, O'Brien RC, Seeman E, Murray RML, Jerums G:
Progression of proteinuria in type 1 and type 2 diabetes. Diabet Med
5:361-368, 1988

24. Schmitz A, Vaeth M, Mogensen CE: Systolic blood pressure relates to pro-
gression of albuminuria in NIDDM. Diabetologia 37:1251-1258, 1994

25. Gall M-A, Hougaard P, Borch-Johnsen K, Parving H-H: Risk factors for devel-
opment of incipient and overt diabetic nephropathy in patients with non-
insulin dependent diabetes mellitus: prospective, observational study. Br
Med J 314:783-788, 1997

26.Rose G, Blackburn H, Gillum RF, Prineas RJ: Cardiovascular Survey
Methods. Geneva, World Health Organization, 1982

27.Keen H, Chlouverakis C: An immunoassay for urinary albumin at low con-
centrations. Lancet ii:913-916, 1963

28. Mogensen CE, Chachati A, Christensen CK, Close CF, Deckert T, Hommel E,
Kastrup J, Lefebvre P, Mathiesen ER, Feldt-Rasmussen B, Schmitz A, Viberti
GC: Microalbuminuria: an early marker of renal involvement in diabetes.
Uraemia Invest 9:85-95, 1986

29. SAS Users Guide: Statistics. Version 6.08 Edition. Cary, NC, SAS Institute, 1989

30. Collett D: Modeling Survival Data in Medical Research. London, Chapman
and Hall, 1994, p. 80-81

31. Damsgaard EM, Frgland A, Jergensen OD, Mogensen CE: Prognostic value of
urinary albumin excretion rate and other risk factors in elderly diabetic
patients and non-diabetic control subjects surviving the first 5 years after
assessment. Diabetologia 36:1030-1036, 1993

32. Uusitupa M, Pyorala K, Laakso M: Metabolic control and macrovascular dis-

1

©

2

o

1792

ease. In International Textbook of Diabetes Mellitus, Alberti KGMM,
DeFronzo RA, Keen H, Zimmet P, Eds. Chichester, U.K., Wiley, 1992, p.
1471-1485

33. Brownlee M: Glycation products and the pathogenesis of diabetic complica-
tions. Diabetes Care 15:1835-1843, 1992

34. Earle KA, Mishra M, Morocutti A, Barnes D, Stephens E, Chambers J, Viberti
GC: Microalbuminuria as a marker of silent myocardial ischaemia.
Diabetologia 39:854-856, 1996

35. Haneda M, Kikkawa R, Togawa M, Koya D, Kajiwara N, Uzu T, Shigeta Y: High
blood pressure is a risk factor for the development of microalbuminuria in
Japanese subjects with non-insulin-dependent diabetes mellitus. J Diabetes
Complications 6:181-185, 1992

36. Nelson RG, Knowler WC, Pettitt DJ, Hanson RL, Bennett PH: Incidence and
determinants of elevated urinary albumin excretion in Pima Indians with
NIDDM. Diabetes Care 18:182-187, 1995

37. Mathiesen ER, Ronn B, Jensen T, Storm B, Deckert T: Relationship between
blood pressure and urinary albumin excretion in development of microalbu-
minuria. Diabetes 39:245-249, 1990

38. Microalbuminuria Collaborative Study Group: Risk factors for development
of microalbuminuria in insulin dependent diabetic patients: a cohort study. Br
Med J 306:1235-1239, 1993

39. Seaquist ER, Goetz FC, Rich S, Barbosa J: Familial clustering of diabetic kid-
ney disease. Evidence for genetic susceptibility to diabetic nephropathy. N Engl
J Med 320:1161-1165, 1989

40. Gruden G, Cavallo-Perin P, Olivetti C, Repetti E, Sivieri R, Bruno A, Pagnano
G: Albumin excretion rate levels in non-diabetic offspring of NIDDM patients
with and without nephropathy. Diabetologia 38:1218-1222, 1995

41. Sawicki PT, Didjurgeit U, Muhlhauser I, Bender R, Heinemann L, Berger M:
Smoking is associated with progression of diabetic nephropathy. Diabetes Care
17:126-131, 1994

42. Poulsen PL, Hansen KW, Mogensen CE: Ambulatory blood pressure in the tran-
sition from normo- to microalbuminuria. Diabetes 43:1248-1253, 1994

43. Kuusisto J, Mykkanen L, Laakso M: Hyperinsulinemic microalbuminuria: a new
risk indicator for coronary heart disease. Circulation 91:831-837, 1995

44. Deckert T, Feldt-Rasmussen B, Borch-Johnsen K, Jensen T, Kofoed-Enevold-
sen A: Albuminuria reflects widespread vascular damage: the Steno hypoth-
esis. Diabetologia 32:219-226, 1989

45. Elliot TG, Cockceroft JR, Group PH, Viberti GC, Ritter JM: Inhibition of nitric
oxide synthesis in forearm vasculature of insulin dependent diabetic patients:
blunted vasoconstriction in patients with microalbuminuria. Clin Sci
85:687-693, 1993

46. McVeigh GE, Brennan GM, Johnston GD, McDermott BJ, McGrath LT, Henry WR,
Andrews JW, Hayes JR: Impaired endothelium-dependent and independent
vasodilatation in patients with type 2 diabetes. Diabetologia 35:771-776, 1992

47. Giugliano D, Ceriello A, Paolisso G: Oxidative stress and diabetic vascular com-
plications. Diabetes Care 19:257-265, 1996

DIABETES, VOL. 47, NOVEMBER 1998



Author Queries (please see Q in margin and underlined text)

Q1: “diagnosed at age >30 years” correct?>

Q2: Please clarify the sentence. It does not match the statistics
for the microalbuminuria study (2 nonattenders, 7 deaths), and
similar data for the CHD study were not stated above. Is this
information for the overall cohort?>

Q3: Calculation of BMI correct?>

Q4: Edits to the sentence okay?>



