Pathophysiology/Complications

ORIGINAL ARTICLE

Increased Urinary Transferrin Excretion
Predicts Microalbuminuria in Patients

With Type 2 Diabetes

Tsutomu Kazumi, MD
TosHikI HozuMi, MD

YOSHIHIKO ISHIDA, MD
YOSHINORI IKEDA, MD

Katsuniko KisHi, MD
MiCHIKO HAYAKAWA, MD
GEN YOSHINO, MD

OBJECTIVE — We studied whether increased urinary transferrin excretion rates (TERs)
(urinary transferrin-to—urinary creatinine ratio =107 pg/mmol, which is the sum of an aver-
age and 2 SDs in 431 healthy nondiabetic individuals) would predict the development of
microalbuminuria (urinary albumin—to—urinary creatinine ratio =2.8 mg/mmol) in patients
with type 2 diabetes and normal urinary albumin excretion rates (AERs) (albumin-to-creati-
nine ratio <2.8 mg/mmol). We also studied the influence of blood pressure, glycemic control,
and serum levels of lipids and apolipoproteins on the later development of microalbuminuria.

RESEARCH DESIGN AND METHODS — [n 77 diabetic patients with normal AER,
AER and TER were measured at baseline and after 24 months of follow-up. Blood pressure,
glycemic control, and serum levels of lipids and apolipoproteins were measured at 1- to 2-
month intervals during the follow-up period.

RESULTS — Of the 16 patients who initially had increased TER, 5 (31%) developed microal-
buminuria. In contrast, of the 61 who initially had normal TER, 4 (7%) developed microal-
buminuria (P = 0.016). At baseline, no difference was found in age, sex, diabetes duration,
diabetic medications, prevalence of hypertension, blood pressure, HbA,. levels, or serum lipid
and apolipoprotein concentrations between the two group of patients with normal and
increased TER. There was also no difference in duration of hypertension and prevalence of
users of ACE inhibitors between two subgroups of hypertensive patients with normal and
increased TER. During the 24 month follow-up period, those whose condition progressed to
microalbuminuria had increased serum levels of triglycerides (1.87 = 0.49 vs. 1.29 = 0.64
mmol/l, P = 0.003) and apolipoprotein B (114 + 20 vs. 102 + 24 mg/dl, P = 0.05) and tended
to have increased HbA,, levels (7.7 £ 1.0 vs. 7.1 + 1.1%, P = 0.10) compared with those in
whom microalbuminuria did not develop. Blood pressure, however, did not differ. In multi-
variate stepwise logistic regression analysis, the association between increased TER at baseline
and subsequent development of microalbuminuria was significant (odds ratio 7.04 [95% CI
1.02-48.5], P = 0.04).

CONCLUSIONS — In patients with type 2 diabetes and normal AER, increased TER may
predict the development of microalbuminuria and abnormalities in triglyceride-rich lipopro-
tein metabolism, and poor glycemic control may be associated with this progression.
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t is well known that microalbuminuria

predicts overt diabetic nephropathy (1)

and early mortality from cardiovascular
disease (2) in patients with type 2 diabetes.
Hence, it seems of clinical importance to
study what would predict the development
of microalbuminuria in diabetic patients
with normoalbuminuria. It has been
reported that increased urinary transferrin
excretion rates (TERs) were found in
patients with type 1 and type 2 diabetes
(3-8) who had normal urinary albumin
excretion rates (AERs). The present study,
therefore, was designed to see whether
increased TER would predict the develop-
ment of microalbuminuria in type 2 dia-
betic patients with normal AER. We also
studied influences of blood pressure,
glycemic control, and serum levels of
lipids, lipoproteins, and apolipoproteins on
the later development of microalbumin.

RESEARCH DESIGN AND
METHODS — There were 77 consecu-
tive patients enrolled from a cohort of 134
diabetic patients attending the outpatient
clinics of Hyogo Medical Center; informed
written consent was obtained from each
patient. They all had type 2 diabetes (9)
and a normal AER, expressed as a ratio to
urinary creatinine <2.8 mg/mmol (<20
pg/min [10]), in first-voided morning
urine samples, from which TER was also
measured. Of the 77 patients with normal
AER recruited in the present study, 16 had
increased TER, as defined later, and the
remaining 61 had normal TER. There was
no significant difference at baseline
between the two groups in age, sex distri-
bution, diabetic medications, diabetes
duration, proportion of hypertensives, or
positive family history of diabetes or
hypertension. There was also no differ-
ence in duration of hypertension and pro-
portion of users of ACE inhibitors between
two subgroups of hypertensive patients
with normal and increased TER. There
was no significant difference in these vari-
ables between the 77 patients who were
and 57 patients who were not examined in
the present study.
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After 24 months, AER and TER were
again measured in a first-voided morning
urine sample. If patients had AER =2.8
mg/mmol, they were defined as developing
microalbuminuria. Blood samples were
obtained after an overnight fast at baseline
and at intervals of 1 or 2 months. At each
follow-up examination, blood samples
were drawn after overnight fasting and
blood pressure was measured with a mer-
cury sphygmomanometer after a 10-min
rest while patients were seated. Two read-
ings were recorded (interval 1.5 min), and
an average was used in statistical analysis. A
patient was defined as having hypertension
if systolic blood pressure (sBP) was =160
mmHg, if diastolic blood pressure (dBP)
was =90 mmHg, or if the patient was
receiving drug treatment for hypertension.
Family history of diabetes or hypertension
was regarded positive if one parent, sibling,
or grandparent had medication for diabetes
or hypertension, respectively.

In a separate group of 39 type 2 diabetic
inpatients, urinary AER and TER were meas-
ured both in a first-voided morning sample
and in a 24-h pooled sample on two con-
secutive days. Excellent correlations of AER
and TER were found not only between 24-h
pooled and first-voided morning samples
(12 = 0.997 each), but also between the first
and second urine collections (2 = 0.996
each). This was done when the 39 patients
had good glycemic control, although they
had poor glycemic control on admission.
Hence, we measured AER and TER in first-
voided morning urine samples. Microalbu-
minuria was defined as AER =2.8 mg/mmol
measured in morning urine samples because
this figure equaled 20 pg/min measured in
24-h pooled samples in the 39 patients.
Increased TER was defined as TER =107
pg/mmol of creatinine. This figure is the
sum of an average and 2 SDs of TER (7)
measured in first-voided morning urine
samples by the same method used in the
present study in 431 healthy normotensive
subjects (mean + SD sBP and dBP: 119 + 11
and 71 = 8 mmHg, respectively), in whom
an oral glucose tolerance test (75 g of glu-
cose) revealed normal glucose tolerance
according to the World Health Organization
plasma glucose criteria (11).

HbA,. (reference interval: 4.5-5.8%)
and plasma glucose were measured by
affinity chromatography and a glucose oxi-
dase method, respectively. Serum creati-
nine, cholesterol, and triglycerides were
measured enzymatically using a Hitachi
7350 autoanalyzer. HDL cholesterol was

measured by a precipitation method
using phosphotungstate and manganese
chloride (12). Apolipoproteins Al and B
(apoAl and apoB) were measured by an
immunoturbidometric assay (13). Urinary
albumin and transferrin were measured
using commercially available kits (Eiken
Alb-11; Eiken Chemicals, Tokyo and Supe-
rior Microtransferrin; Japan CDC Corpo-
ration, Chiba, Japan) by a latex
immunoassay (14) with detection limits of
0.4 mg/l and 60 pg/l, respectively. Urinary
concentrations of albumin <0.4 mg/l and
transferrin <60 pg/l were set to 0. Intra-
and interassay coefficients of variation
were =2.5 and =1.8%, respectively, for
albumin, and =1.4 and =4.4%, respec-
tively, for transferrin. Urinary creatinine
was determined by the Jaffe reaction using
a Hitachi 7450 autoanalyzer (Hitachi,
Mito, Ibaracti, Japan). The urinary albu-
min or transferrin (milligrams per
liter)—to—urinary creatinine (millimoles per
liter) ratio was used as a measure of AER or
TER, respectively. Overnight albumin-to-
creatinine ratio correlated well with AER
in 24-h pooled urine, as previously
reported (15,16) and confirmed in the
present study.

The SAS statistical program (SAS Insti-
tute, Cary, NC) was used to perform statis-
tical analysis. The results for continuous
variables are means + SD, except for triglyc-
erides, AER, and TER, for which median
(range) is indicated. Wilcoxon’ signed-rank
test and the Mann-Whitney U test were
used in assessment of the significance of dif-
ferences within and between group means,
respectively. Fisher’s exact probability test
was used for evaluating differences in pro-
portions between groups. The risk of devel-
oping microalbuminuria associated with
various factors was assessed by logistic
regression analysis and calculating odds
ratios. To improve skewness and kurtosis of
the distribution, AER, TER, and triglyc-
erides were log-transformed for statistical
analysis and then transformed to their nat-
ural units for presentation in the tables.

RESULTS — During the 24-month fol-
low-up period, 9 (11.7%) of 77 patients
developed microalbuminuria. Urinary TER
increased from 54 (9-221) pg/mmol at
baseline to 59 (16-1,204) pug/mmol at 24
months (P = 0.001) in 77 patients. In con-
trast, there was no significant difference in
AER at baseline and at 24 months (1.2
[0.3-2.9] vs. 1.0 [0.3-15.4] mg/mmol, P =
0.27]. HbA,, decreased from 7.9 = 1.2 to
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74 +1.3% (P=0.001), whereas BMI, sBP,
dBP, and diabetic medications did not
change significantly.

Of the 16 patients who initially had
increased TER, 5 (31%) developed microal-
buminuria. In contrast, of the 61 who ini-
tially had normal TER, 4 (7%) developed
microalbuminuria (P = 0.016). The nine
patients who developed microalbuminuria
all had increased TER. As a group, AER and
TER did not change in the former group,
whereas TER, but not AER, increased from
41 (9-104) pg/mmol at baseline to 48
(16-1205) pg/mmol at 24 months (P =
0.0005) in the latter group. Patients who
initially had increased TER had greater,
although normal, AER at baseline and at
the 24-month follow-up compared with
patients who initially had normal TER (2.3
[0.7-2.7] vs. 0.9 [0.3-2.3] mg/mmol at
baseline and 2.0 [0.4-15.4] vs. 0.9 [0.3-12.4]
mg/mmol at 24 months, P < 0.001 each).
However, there was no significant differ-
ence between the two groups with respect
to blood pressure, HbA,. levels, or serum
lipid and lipoprotein concentrations at
baseline and at 24-month follow-up.

At baseline (Table 1), the proportion of
patients on insulin was higher in those with
progression than in those without progres-
sion to microalbuminuria. AER was also
greater in the former group of patients than
in the latter group. However, there was no
difference in age, sex distribution, duration
of diabetes, HbA,, blood pressure, or lipid
control. In addition, no difference was
found in duration of hypertension or the
proportion of users of ACE inhibitors
between two subgroups of hypertensive
patients with normal and increased TER.

During the 24-month follow-up
period, all 77 patients visited the clinic at
1- to 2-month intervals, and blood pres-
sure and biochemical data were obtained
in each patient at each visit. As shown in
Table 2, patients who progressed to
microalbuminuria had greater triglyc-
erides than those who did not. HbA,.
and apoB concentrations tended to be
higher in the former than in the latter
group of patients. However, there was no
difference in sBP and dBP between the
two groups.

After 24 months’ follow-up (Table 3),
triglycerides were again significantly
greater, and sBP and dBP tended to be
higher in patients with progression to
microalbuminuria than in those without.
The nine patients who developed microal-
buminuria all had increased TER.
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Table 1—Baseline data in 77 normoalbuminuric patients with type 2 diabetes according to later

progression to microalbuminuria

Remained normoalbuminuric

Progressed to microalbuminuria

n 68 9
Male 36 (52.9) 4(44.4)
Age (years) 56.1+109 579+73
BMI (kg/m?) 235+31 23523
Diabetes duration (years) 80+6.0 119+ 8.6
Diabetic medication
Diet alone 21 (30.9) 2(222)
Oral agents 35(51.5) 2(22.2)
Insulin 12 (17.6) 5(55.6)*
Hypertensives 29 (49.6) —
Hypertension duration (years) 120£95 150+9.6
Users of ACE inhibitors 6 (20.7) 1(25.0)
sBP (mmHg) 133+19 134+ 28
dBP (mmHg) 79+ 10 79+ 10
HbA . (%) 78x12 79+12
Total cholesterol (mmol/l) 4.99 +0.90 499 +0.67
Triglycerides (mmol/l) 1.08 (0.44-11.05) 1.21(0.80-3.21)
HDL cholesterol (mmol/l) 1.19+0.36 1.19+0.36
apoAl (mg/dl) 130+ 27 137 +29
apoB (mg/dl) 103 + 28 109 + 26
AER (mg/mmol) 1.0(0.3-2.7) 2.1 (1.1-2.6)F
TER (pg/mmol) 48 (9-211) 141(52-221)%

Data are n (%), means = SD, or medians (ranges). AER and TER are expressed as milligrams and micrograms
per millimole of creatinine, respectively. Normoalbuminuria: AER <2.8 mg/mmol; normal TER <107 pg/mmol.

*P<0.05, TP < 0.001, ¥P < 0.005.

Multivariate logistic regression analyses
were used to examine the baseline variables
predictive of progression to microalbumin-
uria. The models used included baseline
variables that were found to be significantly
different when we compared the two
groups or that were considered to be poten-
tially important predictors of increased
AER:i.e., sex, age, known duration of dia-
betes, BMI, sBP and dBP, hypertension,
HbA,., serum cholesterol concentrations,
and smoking. Patients who had increased
TER at baseline had a 6.47-fold risk of
developing microalbuminuria compared
with patients without increased TER.
Patients on insulin at baseline also had a
4.66-fold risk of developing microalbu-
minuria compared with patients on diet
alone or those on diet plus oral hypogly-
cemic agents. Insulin use, however, was
not significantly related to the risk of
microalbuminuria after adjustment for age,
known duration of diabetes, sBP, dBP, and
HbA,, levels at baseline. In contrast, the
association between increased TER at base-
line and the risk of microalbuminuria was
independent of these variables (odds ratio
7.04 [95% C11.02-48.5], P = 0.04).

Of the 61 patients who had normal
TER at baseline, 15 developed increased
TER during the 24-month follow-up.
These patients were older (63 + 2 vs. 55 +
2 years, P=0.01) and had higher AER and
TER at baseline (1.3 [0.6-2.3] vs. 0.8
[0.3-1.6] mg/mmol, P < 0.001, and 75
[23-104] vs. 36 [9-104] pg/mmol, P <
0.005, respectively) and at 24 months (2.0
[0.9-12.4] vs. 0.7 [0.4-1.6] mg/mmol and
150 [117-1,210] vs. 44 [16-105] pg/mmol,
respectively, P < 0.001 each) than 46

patients who maintained a normal TER.
Patients who developed increased TER had
lower HDL cholesterol on both occasions
(data not shown). There was no significant
difference, however, in glycemic or blood
pressure control between the two groups
on both occasions. There was also no dif-
ference between the two groups in sex dis-
tribution, duration of diabetes, or diabetic
medications (data not shown). Both AER
and TER increased significantly (P < 0.001
each) in patients who developed increased
TER, whereas changes were not significant
in patients who retained normal TER.

CONCLUSIONS — The present study
provides the first prospective results showing
that increased TER predicts the develop-
ment of microalbuminuria in type 2 diabetic
patients with normoalbuminuria. The asso-
ciation between increased TER and the
development of microalbuminuria was sta-
tistically independent of age, known dura-
tion of diabetes, blood pressure, HbA,, and
serum lipid levels at baseline. We also
showed that at the end of the study, patients
whose condition progressed to microalbu-
minuria had increased serum levels of
triglycerides and apoB compared with those
in whom microalbuminuria did not develop.

Increased urinary albumin loss, or
microalbuminuria, is predictive of clinical
proteinuria in type 2 diabetes (1). Moreover,
microalbuminuria is associated more with
early mortality, especially cardiovascular
mortality, than with future end-stage renal
failure (1,2,17,18). It has been suggested
that besides reflecting glomerular pathology,
microalbuminuria reflects increased general
permeability and increased susceptibility of
more widespread arterial disease (19). In the
present study, increased urinary loss of trans-
ferrin predicted the development of in-
creased urinary loss of albuminuria in

Table 2—Follow-up data in patients who did or did not develop microalbuminuria

Microalbuminuria-negative ~ Microalbuminuria-positive P value
sBP (mmHg) 132+ 16 139+ 16 0.19
dBP (mmHg) 78 +7 81+8 0.32
HbA,. (%) 71=x1.1 77+1.0 0.10
Total cholesterol (mmol/l) 5.14+0.75 545+0.75 0.24
Triglycerides (mmol/l) 1.17 (0.47-3.49) 1.73(1.12-2.62) 0.0038
HDL cholesterol (mmol/1) 1.24 +0.31 1.27 +0.39 0.91
apoAl (mg/dl) 129 + 22 141 £ 31 0.20
apoB (mg/dl) 102 + 24 114+ 20 0.05

Data are means + SD or medians (range). An average of 10-20 measurements during the 24-month follow-up

period was used for each patient.
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Table 3—Data after 24 months of follow-up in patients with or without progression to
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Microalbuminuria-negative ~ Microalbuminuria-positive P value

sBP (mmHg) 132+ 18 142+ 19 0.1 References

dBP (mmHg) 77 +9 83+8 0.08 1. Mogensen CE: Microalbuminuria predicts
HbA,. (%) 73413 77411 019 clinical proteinuria and early mortality in
Total cholesterol (mmol/l) 522+0.80 537+1.19 0.89 maturly-onset diabetes. N Engl J Med
Triglycerides (mmol/l) 1.08 (0.46-3.42) 1.68 (1.34-3.42) 0.0041 9 Stehouwer CD’ A. Nauta JJP, Zeldenrust GC,
HDL cholesterol (mmol/l) 1.37 + 0.34 127+0.28 0.41 Hackeng WHL, Donker AJM, den Ottolan-
apoAl (mg/dl) 13521 139+ 31 0.95 der GJH: Urinary albumin excretion, car-
apoB (mg/dD) 103 +23 124 +33 0.14 diovascular  disease, and endothelial
AER (mg/mmol) 0.9 (0.3-2.8) 53(3.4-154) 0.00 dysfunction in non-insulin-dependent dia-
TER (pg/mmol) 51 (16-262) 531 (138-1,209) 0.00 betes mellitus. Lancet 340:319-323, 1992

Data are means + SD or medians (range).

type 2 diabetes. Transferrin is less anionic
than albumin (20); albumin when glycosy-
lated has been demonstrated to be more
anionic, and thus more repelled by the
glomerular basement membrane polyanion
(21). Transferrin, however, has been shown
to be electrophoretically immobile in dia-
betic patients under conditions in which
glycosylation of albumin has occurred (22).
Moreover, transferrin, which is globular in
shape, is somewhat larger than albumin,
which is spherical in shape (23). These find-
ings suggest that in type 2 diabetes, increased
urinary loss of transferrin is not only a more
sensitive indicator of clinical proteinuria, but
also an earlier marker of a generalized
increase in vascular permeability.

Because increased TER at baseline is
associated with AER higher than that seen
in normal TER and because increased TER
predicts the development of microalbu-
minuria in the present study, we propose
a new cut-off value for microalbuminuria
of 2.0 mg/mmol, a figure that equals 16
pg/min in 24-h pooled urine samples in
39 inpatients. Of 77 patients with AER
<2.8 mg/mmol, 12 (16%) were classified
as having microalbuminuria when using
this new criteria. Of these 12 patients, 11
(92%) had increased TER at baseline. Sim-
ilarly, of nine patients who progressed to
microalbuminuria (AER =2.8 mg/mmol),
five (56%) were classified as having
microalbuminuria (AER =2.0 mg/mmol)
at baseline.

In the present study, type 2 diabetic
patients whose condition progressed to
microalbuminuria had increased triglyc-
erides and apoB serum levels com-
pared with those in whom microalbumin-
uria did not develop. This may be compat-
ible with a hypothesis that widespread

endothelial damage occurred in type 2 dia-
betic patients with microalbuminuria,
thereby decreasing lipoprotein lipase moi-
ety bound to the endothelium and resulting
in an impaired catabolism of triglyceride-
rich lipoproteins (24). Niskanen et al. (25)
have shown that persistent microalbumin-
uria predicts and aggravates the combina-
tion of elevated triglycerides and decreased
HDL cholesterol.

In our 134 type 2 diabetic patients
with AER <2.8 mg/mmol, a median uri-
nary TER was 83 pg/mmol of creatinine,
which is very similar to the median TER of
79 pg/mmol in 49 type 2 diabetic patients
with AER <2.5 mg/mmol (5) and to a
mean TER of 62 pg/mmol in 121 type 2
diabetic patients with AER <2.25
mg/mmol (7), although comparisons
between separate studies must be made
with caution because of differences in
sample selection and methods used. How-
ever, type 1 diabetic children with a mean
diabetes duration of 3.8 years appear to
have increased TER (median of 186
pg/mmol) despite normal AER (median of
0.89 mg/mmol) (3). Their glycemic con-
trol was poor (HbA,. 10.4 = 1.8%).

One limitation of our study is that we
used only a single urine sample to assess
microalbuminuria. However, we calculated
AER as the ratio of urinary albumin to uri-
nary creatinine in a first-voided morning
urine sample, which enhances markedly
the accuracy of the single urine sample in
the assessment of microalbuminuria
(15,16). The 2-year incidence of microal-
buminuria in type 2 diabetic patients was
11.7% in the present study: This is similar
to the cumulative incidence of microalbu-
minuria in white (26-28) and Asian (29)
people with type 2 diabetes.
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