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Severity of Glomerulopathy Predicts
Long-Term Urinary Albumin Excretion
Rate in Patients With Type 1 Diabetes
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OBJECTIVE — To investigate whether the degree of glomerular structural lesions in young
patients with type 1 diabetes and microalbuminuria was associated with urinary albumin excre-
tion rate (AER) 6 years later and whether the AER level was influenced by blood glucose con-
trol, blood pressure, or glomerular filtration rate (GFR).

RESEARCH DESIGN AND METHODS — There were 17 young adults with type 1 dia-
betes and microalbuminuria, 8 men and 9 women with mean age 20 years (95% CI. 18-22)
and duration of diabetes of 11 years (10-13), who participated in a 6-year prospective study.
Kidney biopsies (measurements of basement membrane thickness [BMT] and mesangial and
matrix volume fractions) and GFR were performed at baseline. AER and HbA,. were measured
at least three times a year and blood pressure once a year.

RESULTS — In a multivariate analysis, baseline BMT and mean 6-year HbA,. contributed
significantly to AER at the end of the study (R2=0.69, P < 0.01). When mesangial volume frac-
tion replaced BMT as the independent variable, this parameter and AER at baseline predicted
the AER at 6 years (Rz = 0.55, P < 0.05). Mesangial volume fraction and BMT (in separate
analysis) contributed significantly to change in AER during the study. During the study, nei-
ther AER (30 pg/min [19-40] to 16 pg/min [7-90]) nor blood pressure (96 mmHg [92-102]
to 95 mmHg [91-98]) changed significantly in the group. However, HbA,. was reduced from
10.3 (9.6-11.0) to 8.4% (7.8-9.1) (P < 0.01).

CONCLUSIONS — Inyoung patients with microalbuminuria, the long-term urinary AER
was predicted by the degree of glomerular structural changes and associated with blood glu-
cose control, but not with blood pressure or GFR.
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ore than 10 years ago, it was shown
that microalbuminuria in patients
with type 1 diabetes predicted the

development of clinical diabetic nephropa-
thy (1-3). Later studies have shown that in

a substantial part of the patients with low-
grade microalbuminuria, no increment is
observed in urinary albumin excretion rate
(AER) during a period of 4-8 years (4,5).
Cross-sectional studies have revealed that
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the increased AER in patients with microal-
buminuria is paralleled by the degree of
glomerulopathy; i.e., by basement mem-
brane thickening and mesangial matrix
expansion (6-8).

The morphological changes in early dia-
betic nephropathy have been linked to long-
term hyperglycemia (6,7). Improved blood
glucose control either by pancreas trans-
plantation (9) or by intensified treatment
(10) has resulted in amelioration of the mor-
phological changes in renal allografts. Previ-
ously (11), we have shown in a randomized
prospective 2.5-year trial in young patients
with type 1 diabetes and microalbuminuria
that the mesangial matrix expansion was
arrested and the increment of the basement
membrane thickness (BMT) was less pro-
nounced in patients on continuous subcuta-
neous insulin infusion (CSII) who improved
their blood glucose control, although the
mean HbA;. was as high as 8.7% (i.e,, 1.4
times above the upper normal limit, 6.1%).

Avrterial hypertension is closely linked to
diabetic nephropathy. So far, the connection
between blood pressure and morphological
changes in early diabetic nephropathy is not
fully clarified. Two studies (7,10) found no
relation at all, but in one series from 1989,
structural changes in microalbuminuric
patients were most pronounced in patients
having either hypertension or reduced
glomerular filtration rate (GFR) (12). The
importance of GFR for the development of
diabetic nephropathy is difficult to assess
because of the well-known transient hyper-
filtration observed in most patients. No rela-
tionship was found between GFR and
structural changes in our study (11), but
glomerular hyperfiltration preceded microal-
buminuria and was associated with glomeru-
lar structural changes in a 5-year study in
adolescents (8).

The aim of the present longitudinal
study was to investigate whether the level of
AER was associated with the degree of
glomerular structural lesions found 6 years
earlier and whether the development of AER
was influenced by putative risk factors like
blood pressure, GFR, and hyperglycemia.
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Table 1— Clinical, glomewlar, and morphological characteristics of the 17 study peicipants

at the start of the study

Sex (M/F) 8/9

Age (years) 20 (18-22)
Diabetes duration (years) 11 (10-13)
HbA,; (%) 10.3 (9.6-11.0)

Systolic blood pressure (mmHg)

Diastolic blood pressure (mmHg)

AER (pg/min)

GFR [ml - min—1 - (1.73 m2)—2]

BMT (nm)

Mesangial/glomerular volume fraction (%)
Matrix/glomerular volume fraction (%)

124 (119-130)
81 (77-84)
30 (19-40)

143 (129-157)

593 (541-644)

21.0 (20.7-23.3)
12.8 (12.0-13.6)

Data are means (95% Cl). AER is the median of at least three measurements in the year preceding the study.

RESEARCH DESIGN AND
METHODS

Subjects

The study is a 6-year follow-up of a 24- to
36-month prospective randomized clinical
trial that has been thoroughly described pre-
viously (6,11). There were 30 young
patients with type 1 diabetes and persistent
microalbuminuria (AER between 15 and
200 pg/min in at least two of three overnight
urine samples taken during 1 year) who
were randomized to either CSII or conven-
tional treatment (CT) (multiple injections or
two to three injections per day). The previ-
ous study (11) describes the 18 patients
(9 CSll and 9 CT) >18 years of age who
accepted renal biopsies. During the years
after the randomized trial was ended, two of
the nine patients on CSII have switched to
multiple injections, and one of the nine CT
patients has chosen to use CSII. The idea of
the original study was to test the effect of
improved control and not the efficacy of dif-
ferent treatment modalities (CSII vs. CT).
Some of the patients changed the mode of
treatment after the initial 2.5-3 years, and
we therefore report all the patients as one
group and not according to the principle of
intention to treat. Only 1 of the 18 patients
was treated with an ACE inhibitor from year
5 and is therefore excluded.

The baseline characteristics of the 17
patients are shown in Table 1. They were
followed by the same investigator (H.-J.B.)
at the outpatient clinic at 3-month intervals
(2 months the first 2 years). Renal function
tests and biopsies were performed at entry
and after 26-34 months. This study con-
cerns the results of the GFR and morpho-
logical parameters at baseline and the AER
after 6 years.

The protocol was approved by the
Regional Ethics Committee, and the
patients gave their written consent. No
serious complication of the kidney biopsy
procedure was observed. One patient had
macroscopic hematuria for 1 day.

Clinical and laboratory
examinations

AER was measured in timed overnight
urine samples at 3-month (2 months the
first 2 years) intervals. The samples were
kept at 4°C from 1 to 4 days, and the albu-
min concentration was measured by
immunoturbidimetry. The interassay coef-
ficient of variation (CV) was 4.7% in the
range of 10-50 mg/l. The individual AER
values presented are the mean of three
measurements.

Bangstad and Associates

During the first 3 years, HbA;; was
analyzed by high-performance liquid chro-
matography (HPLC) (Diamat analyzer; Bio-
Rad, Richmond, CA). The normal range
was 4.3-6.1%, with an interassay CV of
3%. For the last 4 years, an immunological
method, DCA (Bayer, Leverkusen, Ger-
many), was used. The normal range was
4.1-5.9%, with an interassay CV of 3.4%.
The DCA values were transformed to val-
ues corresponding to the HPLC method
(multiplied by 1.04).

GFR was measured by inulin clearance
(Inulin; Laevosan, Linz, Austria) after oral
water loading. Charge selectivity index was
measured as 1gG/1gG, minus index, i.e.,
total 1gG/1gG4 minus clearance ratio (13),
and serum advanced glycation end prod-
ucts (AGESs) were measured with a method
described very recently (14). Blood pres-
sure was measured once a year by conven-
tional mercury sphygmomanometer with
patients sitting after a 10-min rest.

Renal biopsies

Ultrasound guided biopsies were taken
with an 18-gauge needle-integrated auto-
matic gun-biopsy system (Biopty; Bard,
Covington, GA). The tissue was immedi-
ately immersed into the fixative, a 2% glu-
taraldehyde solution in modified Tyrode
buffer, mailed in the fixative to the labora-
tory in Arhus, and embedded in Vestopal.

Measurement of structural parameters
The methods for obtaining quantitative
structural parameters in the glomerulus have
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Figure 1—AER at baseline and 6 years later in 17 young adults with type 1 diabetes and

microalbuminuria.
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Table 2—Correlation coefficients between morphological changes at baseline [BMT,patients (41%) were no longer microalbu-
Vv(mes/glom), Vv(mat/glom)], systolic and diastolic blood pressures, and GFR at baselineminuric (Fig. 1). In the total patient group,
mean 6-year HbA;,, AERsyears, and AAER the median AER fell from 30 (19-40) to 16
(7-90) pg/min (NS). The mean arterial
blood pressure remained unchanged dur-

Sglséggc Dt'jztgclj'c |(rg1’g2 ir(l)eo )study|i| at bgse][ine 6it was gg
— mmHg, and after 6 years,
BMT  Vv(mes/glom) Vv(mat/glom) pressure pressure GFR  HbAj (91-98) mmHg. From baseline to the end
AERGgyears of the study, HbA,. was reduced from 10.3
r 0.68 0.61 0.53 0.26 0.05 017 013 (9.6-11.0) to 8.4% (7.8-9.1) (P < 0.01).
P 0.003 0.009 0.03 0.32 0.85 051  0.60 Mean HbA, during the 6-year study was
AAER 8.9% (8.4-9.5).
r 0.52 0.76 0.42 0.32 0.05 0.20 -0.10
P 0.03 0.0004 0.09 0.20 0.85 0.43 0.71  Relationship between AERgycars,

been described previously (6,11). Three
glomeruli from each biopsy were sampled
independently of size and structure, except
for one biopsy in which only two glomeruli
were obtained. The structures in question
are peripheral basement membrane, the
mesangial region, and the mesangial matrix.

Photomontages of the entire glomeru-
lar profile were made at a magnification of
X% 2,350 at three levels in each glomerulus.
The set of three sections, separated by 60
pum, had a random position along the
glomerular diameter and was used for the
estimate of mesangial volume fraction. A
systematic subsample of the largest of the
three sections was photographed at a mag-
nification of X 9,900 and used for the meas-
urements of BMT and mesangial matrix.

Concerning the peripheral BMT, meas-
uring points were sampled independently
of the basement membrane appearance
with a line grid, with measurements taken
at intersections between grid lines and the
endothelial-basement membrane interface.
The true BMT was estimated (15), classify-
ing only at the sampling places, where the
distinctness of the epithelial cell membrane
showed that the section was perpendicular
to the surface of the basement membrane.

Mesangial volume fraction, Vv(mes/glom),
was estimated by point counting (on an 8:1
grid) using the circumscribed polygon as
the reference space (16). Mesangial matrix
was estimated as volume fraction of
mesangium, Vv(mat/mes), using a 2:1 grid.
The product of the two volume fractions
gives matrix as a fraction of glomerular
space, Vv(mat/glom).

Statistical analysis

Comparisons of changes over time were
done by two-tailed paired Students t test
and univariate linear correlations by least-
square regression (Number Cruncher Sta-

tistical System, Kaysville, UT). Stepwise
multivariate analysis was performed to
evaluate the relative importance of the
baseline morphological changes, long-term
hyperglycemia, GFR, and blood pressure
for the AER at the end of the study and also
for change in AER during the study. AER
values were log-transformed before analysis
because of the skewed distribution. The
results are, unless otherwise stated, reported
as mean (95% ClI).

RESULTS

Clinical investigations

Of the patients, 12 (71%) did not show an
increase in AER during the 6-year observa-
tion period. At the end of the study, seven

AAER, and putative risk factors

AER at the end of the study ( AERgyesr) Was
used as a surrogate end point, since it was
the best assessment of kidney impairment at
this stage of diabetic nephropathy with con-
siderable hyperfiltration. In the univariate
correlation analysis of BMT at baseline,
Vv(mes/glom) and Vv(mat/glom) correlated
significantly with AERg., (Table 2, Figs. 2
and 3). None of the patients with BMT
<590 nm showed an increase in AER dur-
ing the 6 years (Fig. 4).

The change in AER during the 6-year
study (AAER) was significantly associated
with both BMT and, in particular,
Vv(mes/glom) (Table 2), but not with
Vv(mat/glom).

The mean HbA,. during the 6 years
showed no significant linear relationship
with AERgyeqrs (Fig. 5).
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Figure 2—BMT at the start of the study and AER 6 years later in 17 young adults with type 1

diabetes and persistent microalbuminuria at baseline (0.68,P = 0.003).
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Figure 3—The mesangial/glomerular volume fraction at the start of the study and AER 6 years lat&tructural parameters (6), and later on that
in 17 young adults with type 1 diabetes and persistent microalbuminuria at basetife§1,P = 0.009).

Predictors of AER

Stepwise regression analyses were first per-
formed with AERg as the dependent
variable. BMT and mean 6-year HbA, con-
tributed significantly to the explained vari-
ation of AERgye.s (Table 3), whereas the
baseline systolic blood pressure, GFR, and
AER did not. When Vv(mes/glom) replaced
BMT as the independent variable, only this
parameter and AER at baseline influenced
the AERgy.qrs level significantly (Table 4).

When AAER was used as the depen-
dent variable, only BMT and Vv(mes/glom),
in separate analyses, contributed signifi-
cantly (R2=0.26, P = 0.03 and R2= 0.58,
P =0.0004, respectively).

Diabetes duration, serum levels of
AGEs, or selectivity index (IgG/lgG, in
urine) at baseline were unrelated to the
level of AER 6 years later.

CONCLUSIONS — This prospective
study shows that in a group of young
patients with type 1 diabetes and microal-
buminuria, the histological changes,
namely basement membrane thickening
and mesangial expansion, are predictors of
the AER measured 6 years after the kidney
biopsies were investigated.

Previous cross-sectional studies (6-8)
and cross-sectional measurements in
prospective investigations (11) have shown
a direct relationship between structure and
function, i.e., morphological parameters
like BMT, mesangial/glomerular and

matrix/glomerular volume fractions, and
AER. In the present follow-up study, we
show that in type 1 diabetic patients with
microalbuminuria, there is a close relation-
ship between BMT after 10 years of dia-
betes duration and AER 6 years thereafter.
The association between the mesangial and
matrix volume fractions and AER at the
end of the study was not that close. This is
in accordance with the recent studies that

Bangstad and Associates

underscore that in the early phases of
glomerulopathy, the thickening of the BMT
is the most important feature (17,18).
However, an alternate explanation of the
weaker association between the glomerular
volume fractions of the mesangium and
the matrix and AER at the end of the study
may also be a lower precision for the
mesangial and matrix indices than for the
BMT measurements (19).

Long-standing hyperglycemia is a nec-
essary, but not a sufficient, factor for the
progression of diabetic nephropathy.
Recently; in a 5-year follow-up study, HbA,,
was shown to be an independent risk fac-
tor for the increment of BMT and overall
glomerulopathy (8). We reported in the
original study, which the present one is
based upon, that there was a close associa-
tion between HbA,. during the preceding
year and the most important glomerular

improved blood glucose control retarded
the thickening of the basement membrane
and arrested the matrix expansion (11). In
the present study, when a multivariate
analysis was applied and the putative risk
factors for AAER were investigated, mean
6-year HbA . had no apparent importance.
A type 2 error could not be excluded
because of the small number of subjects.
However, the mean 6-year HbA, clearly
influenced the level of AER at the end of the
study. It should be emphasized that this
group consisted of young adults with rela-
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Figure 4—BMT at the start of the study and the change in AER during 6 years in 17 young adults with

type 1 diabetes and persistent microalbuminuria at baseline 0.52,P = 0.03).
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Figure 5—The mean 6-year HbA, and AER at the end of the study in 17 young adults with type gredictive for increment of BMT over 2.5
diabetes and persistent microalbuminuria at baseline(0.35, NS).

tively short durations of diabetes. They
were included in the study because they
had microalbuminuria but they also had
poor blood glucose control.

Most of the 17 patients in the current
study had AER in the low microalbumin-
uric range. During the study, only five of
them in fact increased their AER, and seven
ended up having normoalbuminuria. This
may partly be due to our inclusion criterion
(microalbuminuria was defined as AER
>15 pg/min in overnight urine, compara-
ble with 20 pg/min in 24-h urine),
improved blood glucose control, and
regression toward the mean. There is a
growing body of reports of microalbumin-
uric patients who do not show the
expected increase in AER (20,21). This
may challenge the proposed guidelines
concerning the use of ACE inhibitors in
microalbuminuric patients without hyper-
tension (22). An interesting observation
connected to this is that none of the
patients in our study with BMT <590 nm
(Fig. 3) increased their AER during the 6
years.

Patients with microalbuminuria usu-
ally have blood pressure in the normal
range, but their blood pressure is still found
to be higher than in patients with nor-
moalbuminuria. Chavers et al. (12) claimed
that microalbuminuric  normotensive
patients with normal GFR did not differ
from normoalbuminuric patients regard-

ing glomerular structure. In our multivari-
ate analysis, the BP at the beginning of the
study did not contribute significantly to
the explanation model either for the AER at
the end of the study or for the change in
AER during the study.

The importance of glomerular hyperfil-
tration for the development of diabetic
nephropathy is under debate. Decreasing
GFR has been found to be an indicator of
more advanced glomerulopathy in type 1
diabetic adolescents (23). In our study, GFR
at baseline had no impact on the 6-year
level of AER or the change in AER, indicat-
ing that hyperfiltration did not have a harm-

ful effect However, the implication of GFR is
rather difficult to assess in this group of
partly hyperfiltrating young patients.

The pathophysiological mechanisms
behind the increased albumin leakage and
the interplay between the structure and
function in diabetic nephropathy is still
poorly understood. One of several factors
involved is probably the loss of anionic
sites in the basement membrane. We have
reported earlier a strong negative correla-
tion (cross-sectional) between a selectivity
index (urinary IgG/IgG,) and BMT (13). In
the present study, no predictive value of the
selectivity index for the development of
AER was found.

Long-term hyperglycemia leads to
nonenzymatic glycation of proteins named
advanced glycation end products (24).
Infusion of AGES in experimental diabetes
induces increased AER (25). We have
recently reported that serum AGEs were

years (14), but in the present study this was
not the case for the AER-level after 6 years
or changes in AER during the study:.

In conclusion, the degree of glomeru-
lopathy in young type 1 diabetic patients
with 10 years' duration of diabetes and
microalbuminuria is highly predictive for
kidney impairment measured as AER 6
years later.
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Table 3—Stepwise multiple regression analysis with AER..s as the dependent variable

RZ increment T value P value
BMT 0.67 5.5 0.00009
BMT + mean 6-year HbA;, 0.22 2.7 0.007
R2=0.69.

Table 4—Stepwise multiple regression analysis with AER.s as the dependent variable

RZ increment T value P value
Vv(mes/glom) 0.27 3.0 0.01
Vv(mes/glom) + AERpaseline 0.20 25 0.02

R2 = 0.55.

318

DiABETES CARE, VOLUME 22, NUMBER 2, FEBRUARY 1999



References

1.

Viberti GC, Hill RD, Jarret RJ, Argyrpoulos
A, Mahmud U, Keen H: Microalbuminuria
is a predictor of clinical nephropathy in
insulin-dependent diabetes mellitus. Lancet
i:1430-1432, 1982

. Parving HH, Oxenbgll B, Svendsen PA,

Christansen JS, Andersen AR: Early detec-
tion of patients at risk of developing dia-
betic nephropathy: a longitudinal study of
urinary albumin excretion. Acta Endocrinol
(Copenh}00:550-555, 1982

. Mogensen CE: Microalbuminuria is a pre-

dictor of clinical nephropathy. Kidney Int
31:673-689, 1987

. Feldt-Rasmussen B, Jensen T, Lauritzen T,

Mathiesen ER, Deckert T: Association of
poor metabolic control for 5-8 years and
progression of diabetic renal disease. Dia -
betologi®4:164-170, 1991

. Mathiesen ER, Hommel E, Giese J, Parving

HH: Efficacy of captopril in postponing
nephropathy in normotensive insulin-
dependent diabetics with microalbumin-
uria. BMJ303:1051-1053, 1991

. Bangstad H-J, @sterby R, Dahl-Jargensen

K, Berg KJ, Hartmann A, Nyberg G, Bjgrn
SF, Hanssen KF: Early glomerulopathy is
present in young type 1 (insulin-depen-
dent) diabetic patients with microalbumin-
uria. Diabetologi®6:523-529, 1993

. Fioretto P, Steffes MW, Mauer M: Glomeru-

lar structure in non-proteinuric IDDM
patients with various levels of albuminuria.
Diabetes43:1358-1364, 1994

. Rudberg S, @sterby R, Dahlquist G, Nyberg

G, Persson B: Predictors of renal morpho-
logical changes in the early stage of microal-
buminuria in adolescents with IDDM.
Diabetes Care20:265-271, 1997

. Wilczek HE, Jaremko G, Tydén G, Groth

CG: Evolution of diabetic nephropathy in
kidney grafts: evidence that a simultane-

10.

11.

12.

14.

16.

ously transplanted pancreas exerts a pro-
tective effect. Transplantation59:51-57,
1995

Barbosa J, Steffes MW, Sutherland DER,
Connett JE, Rao KV, Mauer M: Effect of
glycemic control on early diabetic renal
lesions: a 5-year randomized controlled clin-
ical trial of insulin-dependent diabetic kid-
ney transplant recipients. JAMA 272:600—
606, 1994

Bangstad H-J, @sterby R, Dahl-Jgrgensen
K, Berg KJ, Hartmann A, Hanssen KF:
Improvement of blood glucose control
retards the progression of morphological
changes in early diabetic nephropathy.
Diabetologi87:483-490, 1994

Chavers BM, Bilous RW, Ellis EN, Steffes
MW, Mauer SM: Glomerular lesions and
urinary albumin excretion in type 1 dia-
betes without overt proteinuria. N Engl J
Med 320:966-970, 1989

. Bangstad H-J, Kofoed-Enevoldsen A, Dahl-

Jorgensen K, Hanssen KF: Glomerular
charge selectivity and the influence of
improved blood glucose control in type 1
diabetic patients with microalbuminuria.
Diabetologi®5:1165-1170, 1992

Berg TJ, Torjesen PA, Bangstad H-J, Bucala
R, @sterby R, Hanssen KF: Advanced gly-
cation end products in serum predict
changes in the kidney morphology of
patients with insulin-dependent diabetes
mellitus. Metabolism#6:661-665, 1997

. @sterby R: A quantitative electron micro-

scopic study of mesangial regions in

glomeruli from patients with short term

juvenile diabetes mellitus. Lab Invest
29:99-110, 1973

@sterby R, Parving HH, Nyberg G, Hom-

mel E, Jargensen HE, Lakkegérd H, Sva-

lander C: A strong correlation between

glomerular filtration rate and filtration sur-

face in diabetic nephropathy. Diabetologia
31:265-270, 1988

17.

18.

19.

20.

21.

22.

23.

24.

25.

Bangstad and Associates

@sterby R: Glomerular structural changes
in type-1 (insulin-dependent) diabetes mel-
litus: causes, consequences and prevention.
Diabetologi85:803-812, 1992

Fioretto A, Steffes MW, Sutherland DER,
Mauer M: Sequential renal biopsies in
insulin-dependent diabetic patients: struc-
tural factors associated with clinical pro-
gression. Kidney Int48:1929-1935, 1995

Dsterby R: Reseaich Methodologies Related to
Renal ComplicationsMogensen CE, Standl

E, Eds. Berlin, Walter de Gruyter, 1995, p.

289-309

Bojestig M, Arnqvist HJ, Karlberg BE, Lud-

vigsson J: Glycemic control and prognosis
in type | diabetic patients with microalbu-

minuria. Diabetes Care19:313-317, 1996

Rudberg S, Dahlquist G. Determinants of
progression of microalouminuria in ado-
lescents with IDDM. Diabetes Care
19:369-371, 1996

Mogensen CE, Keane WF, Bennett PH,

Jerums G, Parving HH, Passa P, Steffes MW,

Striker GE, Viberti GC: Prevention of dia-
betic renal disease with special reference to
microalbuminuria. Lancet346:1080-1084,

1995

Rudberg S, @sterby R: Decreasing glomeru-

lar filtration rate: an indicator of more

advanced diabetic glomerulopathy in the
early course of microalbuminuriain IDDM

adolescents? Nephol Dial Tansplant
12:1149-1154, 1997

Brownlee M, Vlassara H, Cerami A:

Advanced glycosylation end products in tis-

sue and the biochemical basis of diabetic
complications. N Engl ) MedB18:1315-1321,

1988

Vlassara H, Striker LJ, Teichberg S, Fuh H,

Li YM, Steffes M: Advanced glycosylation

end products induce glomerular sclerosis
and albuminuria in normal rats. Proc Natl
Acad Sci U S A91:11704-11708, 1994

Di1ABETES CARE, VOLUME 22, NUMBER 2, FEBRUARY 1999

319



