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Monitoring Progression of Diabetic Nephropathy

Hans-Henrik Parving, Allan R. Andersen and Ulla M. Smidt

Hvidgre Hospital, Klampenbozfg, Steno Memorial Hospital, Gentofte, and Department of Physiology,
Bispebjerg Hospital, Copenhagen, Denmark

ABSTRACT

Glomerular filtration rate {GFR, single bolus 51

Cr-EDTA technique}, serum
creatinine and serum ﬁz-microq1obulin concentrations were measured simul-
taneously in 49 insulin-dependent diabetics with diabetic nephropathy. GFR
ranged from 148 to 23 ml/min/1.73 nZ. Inverse serum concentrations of
creatinine and Bz-microg1obu1in showed a significant correlation with GFR
over the whole range of values, r = 0.87 and r = 0.90, respectively
(p <0.001). In the 31 patients with a GFR < 80 ml/min/1.73 mz, serum con-
centration of creatinine and Bz-microg1obu1in were within the normal range in
12 and 9 patients, respectively. With GFR below 60 ml/min/1.73 mz, all
patients had elevated serum sz-microg1obu1in concentrations, while 24% of the
patients still had normal creatinine concentration. Linear regression analysis
between log GFR and 1og serum Bz-microg1obu1in showed a better relationship
than between log GFR and log serum creatinine, slope -0.90 and -0.57, respec-
tively, p <0.01. A prospective study for up to 70 months was performed in 18
of the patients. The study showed a closer relationship between the individual
rate of decline in log GFR and log serum sz—microg1obu1in compared to log GFR
versus 10g serum creatinine, p < 0.01. Neither serum creatinine nor serum By
microglobulin can be used as methods for screening of early impairment of
renal function (GFR < 80 ml/min/1.73 m2 in diabetic nephropathy. Our study
suggests that serum Bz—microg1obulin is more ideal endogenous marker for GFR
estimation than serum creatinine. The accuracy and precision of serum 32-
microglobulin is better than serum creatinine in monitoring the individual
rate of decline in kidney function in diabetic nephropathy.

Key words: Diabetic nephropathy, glomerular filtration rate, insulin-dependent
diabetes mellitus, serum creatinine, serum Bz-microg1obu1in.

Determination of serum creatinine is probably the most commenly used method
for estimation of glomerular filtration rate (GFR). The disadvantages of serum
creatinine are well known (9). Originally, Wibell et al. (14). suggested that
measurements of serum Bz—microg1obu1in concentration might be more useful than
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serum creatinine for detection of a stightly reduced GFR. Recent studies in
diabetic nephropathy have suggested that serum Bz-microg1obu1in is a reliable
and sensitive method in screening for early impairment of GFR (16,15,3). .

The aim of our crossectional study was to evaluate this suggestion by
measuring simultaneously GFR and serum concentrations of creatinine and 52-
microglobulin. Furthermore, we performed a prospective study of the 3 above
mentioned variables to elucidate the usefulness of the serum concentration of
creatinine and Bz-microglobulin monitoring the rate of decline in GFR in in-
dividual patients.

MATERIAL AND METHODS

Seventeen females (mean age 31 years) and 32 males (mean age 34 years) with
insulin-dependent diabetes mellitus {(IDDM) and diabetic nephropathy were
investigated. All patients were characterized by persistent proteinuria (>0.5
g/24 h}, serum creatinine less than 250 pmol/1, age less than 50 years, onset
of IDDM before the age of 31 years. Al11 patients had diabetic retinopathy.
Mean duration of diabetes was 20 years. Diabetic nephropathy was diagnosed
clinically according to previously described criteria (11). A1l patients were
insulin-dependent from the time of diagnosis and all recieved 2 daily injec-
tions of insulin (mean dose of 0.62 IU/kg/day). Twenty-six patients received
antihypertensive treatment (metoprolol, hydralazine and furosemide or
thiazide). In addition one patient received phenytoin, 300 mg/day for
epilepsy. Apart from IDDM all patients were healthy and free of lym-
phoproliferative and autoimmune diseases. Urine culture was sterilie in all.

A1l investigations were made on the same day between 09.00 h and 13.00 h.
The patients had their normal breakfast and morning insulin before the inves-
tigations, which were carried out with the patients resting in the supine
position. A1l patients were investigated once. In addition, 18 patients were
studied 6 to 14 times during an investigation period ranging from 18 to 70
months. GFR was measured after a single intravenous injection of 51Cr-EDTA by
studying the plasma disappearance for 4 h (2). The mean intra-individual coef-
ficient of variation for GFR was 4.1%. Serum- and urine creatinine were
measured using a time reaction technique which reduces the interference from
pseudo-creatinines (6}, Serum ﬁz-microg1obu1in concentrations were measured by
radioimmunoassay (Phadebas, BZ -micro test, Pharmacia Diagnostics AB, Uppsala,
Sweden). The coefficient of variation for creatinine and Bz-microg1obulin was
2.2% and 4.6%, respectively within assays and 2.9% and 4.9% between assays.
‘The upper limit of normal for serum creatinine in our laboratory is 100 pmol/1
(females} and 120 pmo1/1 {males). The upper Timit of normal for serum By~
microglobulin in our laboratory is 2.4 mg/1 for both
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Statistical analy
relation between th

Table I and 1II
microglobulin remai
of 31 patients with

Table I.

sis was performed with the paired student”s t-test. The
e variables was estimated by linear regression analysis.

RESULTS
show that serum concentrations of creatinine and 32-
n within the upper limit of normal in 12 and 9 patients out
a GFR below 80 ml/min/1.73 mz, respectively.
Glomerular filtration rate, serum
concentration of creatinine and sz
-microglobulin in 32 male patients
with diabetic nephropathy

Number of male IDDM patients with

GFR Serum Serum 32-
creatinine microglo-
bulin
(m1/min/1.73m%)  (umol/1) (mg/1)
<120 >120 2.4 >2.4
>80 11 1 12 0
<80 7 13 7 13
Table II  Glomerular filtration rate, serum
concentration of creatinine and 62
-microglobulin in 17 female pa-
tients with diabetic nephropathy
Number of female IDDM patients with
GFR Serum Serum 52
creatinine microglo-
bulin
(m/min/1.73m2)  (pmol/1) (mg/1)
<100 >100 <2.4 >2.4
>80 1
<80 6

2-858571
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Fig 1. Glomerular filtration rate versus creatinine concentration in 17 females

{0) and 32 males (o) with diabetic nephropathy. Broken lines indicate
the upper limit of normal range in our laboratory for females and males.
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Fig 2. Glomerular filtration rate versus g,-microglobulin concentration in 17
females (o) and 32 males (o) with diabetic nephropathy. The broken lines
indicate upper limit of normal range.
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Fig 3. Glomerular filtration rate versus inverse serum creatinine concentration
in 17 females (o)}, r = 0.87, p< 0.01 and 32 males (o), r = 0.88, p<0.001
with diabetic nephropathy.
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Fig 4. Glomerular filtration rate versus inverse serum B,-microglobulin con-
centration in 17 females (o), r = 0.94, p < 0.01,%and 32 males (o),
r = 0.88, p < 0.007. with diabetic nephropathy.
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Figure 1 and 2 show the relationship between serum concentrations of
creatinine and Bz-microg1obu1in on the one hand and GFR on the other. With'GFR
below 60 ml/min/1.73m~, all of the serum Bz-micrOQTObulin concentrations ex-
ceeded the upper 1imit of normal, while 24% of the patients (4/17) still had
normal serum creatinine concentration. Serum creatinine concentration was nor-
mal in 2 patients with a GFR as lTow as 48 ml1/min/1.73 mz.

Figure 3 and 4 show the correlation between GFR on the one side and inverse
serum creatinine values (r = 0.87, n = 17 females; r = 0.88, n = 32 males, p <
0.01), and inverse serum 62-micr0970bu1in levels {r = 0.94, n = 17 females; r
=0.88, n = 32 males, p < 0.01) on the other.

Table III shows that the slope of the regression lines between log GFR ver-
sus log sz—microg1obulin is closer to the ideal slope of -1.0 than
demonstrated for the relationship between log GFR versus log creatinine. Our
longitudinal study of 18 IDDM patients revealed the same results(Table IV).

Table III
Linear regression analysis between log glomerular filtra-
tion rate and log serum Bz-microg1obu1in and log serum
creatinine in 49 insulin-dependent diabetics with nephro-

pathy
Subject Sex Slope of the regression lines
No Bz-microg1obu1in creatinine
32 M -0.842 -0.596
(0.694-0.990) (0.481-0.711)
17 F -1.011 -0.508
(0.753-1.247) (0.356-0.660)
49 M+F -0.90 -0.573
(0.775-1.023) (0.459-0.687)

Mean and 95% confidence 1imits indicated
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Table VI

Linear regression analyses between Log glomerular filtration rate and Log

serum ﬁz-microg1obu1in and Log serum creatinine in 18 insulin-dependent

diabetic patients with diabetic nephropathy

Patients Slope of the regression Correlation coefficient
Tines of the regression lines
sz-micro- creatinine sz-micro- creatinine
globulin globulin

1 -1.05 -0.23 -0.96 -0.67
2 -0.73 -0.82 -0.75 -0.71
3 -0.73 -0.42 -0.89 -0.50
4 -1.23 0.15 -0.90 0.23
5 -0.46 -0.27 -0.25 -0.27
6 -1.11 -0.47 -0.91 -0.60
7 -0.80 0.19 -0.89 0.26
8 -0.56 -0.76 -0.03 -0.09
9 -0.51 -0.30 -0.62 -0.41
10 -1.14 -0.42 -0.85 -0.57
11 -0.99 -0.79 -0.96 -0.91
12 -0.44 0.01 -0.59 0.02
13 -0.87 -0.53 -0.94 -0.83
14 -0.87 -0.66 -0.75 -0.94
15 -0.99 -0.95 -0.70 -0.93
16 -0.87 -0.24 -0.93 -0.72
17 -0.34 -0.96 -0.22 -0.60
18 -0.95 -0.95 -0.91 -0.93

Mean -0.81 -0.47 -0.73 -0.51

+SD +0.26 +0,37 +0.28 +0.39
DISCUSSION

The major novel information obtained from our prospective study is that the

fnverse serum Bz-microg1obu1in concentration can be used as a simpie and
fairly reliable method for monitoring glomerular function in individual
patients with GFR values ranging from 116 to 23 ml/min/1.73 mz. By contrast
our results suggest that the inverse of the serum creatinine concentration in
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useful only in patients with more advanced diabetic nephropathy (GFR <70
ml/min/1.73 mz). This implies that a substantial reduction in GFR remains un-
detected if this method is used in patients with GFR within normal limits.
However, it is well documented that the inverse of the serum creatinine éon-
centration declines linearly with time in most patients with chronic renal
insufficiency (serum >200 pmol/1) caused by various diseases including
diabetes mellitus (7,4).

A11 ideal endogenous marker of GFR should have a constant rate of syntese,
pass freely across the glomerular membran without return to the circulation,
and with no alternative route of excretion or catabolism. Thus the serum con-
centration of such a substance should increase twofold when GFR is reduced by
50%. Our study revealed an increase in serum Bz-microglobu1in of 1.87 compared
to an increase in serum creatinine of only 1.49. Previous studies have
demonstrated that Bz-microglobulin fulfils most of the above mentioned
criteria (14,12,13). Recent crossectional studies have suggested that serum
concentration of Bz-microg1obu1in can be used as a reliable and sensitive
method in screening for early impaired GFR in IDDM patients with diabetic
nephropathy (15,3). Our crossectional study of 17 females and 32 males with
GFR values ranging from 148 to 23 m1/min/1.73 m2 does not supports this
suggestion. Normal serum concentrations of Bz-microg1obulin were found in 9
out of 31 patients with GFR below 80 ml/min/1.73 m2 (Tower limit of normal
range). This discrepancy may be explained by the limited number of patients (3
females and 10 males) studied by Viberti et al. (15), and the lack of GFR
determination in the study of Goebel et al. (3). However, it should be men-
tioned that all patients with GFR below 60 ml/min/1.73 m2 had elevated serum
Bz-microglobulin concentrations while serum creatinine was still normal in 4
out of these 17 patients.

Renal failure due to diabetic nephropathy is the major cause of death (30%)
in IDDM patients (5,1). Recent studies {15,8,10), using sensitive and reliable
methods for GFR measurements, e.g. 51Cr-EDTA and inulin clearance, have
demonstrated that the rate of decline in GFR is constant in the individual
patient, but varies considerably between patients, as also demonstrated in our
study (0.51 to 1.54 ml/min/month). To obtain information on the prognosis and
the effect of treatment, e.g. antihypertensive, in the individual patient,
serial determinations of GFR are required. Unfortunately, these methods are
time consuming, expensive and often require use of radioactive tracers. Our
Tongitudinal study suggests that serial determination of serum 52-
microglobulin can be used as a simple and fairly reliable method for
monitoring GFR in individual patients.

22



ACKNOWLEDGEMENT

This study was supported by a grant from the Danish Medical Research

Council.

10.

11.

12.

13.
14.
15,
16.

REFERENCES

Andersen, A.R., Christiansen, J.S., Andersen, J.K., Kreiner, S. and
Deckert, T.: Diabetic nephropathy in type 1 (insulin-dependent) diabetes:
An epidemiological study. Diabetologia 25:469-501, 1983.
Brochner-Mortensen J., Giese J.agf Rossing N.: Renal inulin clearance ver-
sus total plasma clearance of ~ Cr-EDTA. Scand J Clin Lab Invest 23:301-
305, 1969.

Goebel, F-D., Schmeidl, T., Fuessl, H.S.and Vogel, S.: Zur Fruherkennung
der diabetischen Nephropathie: Bz-mikroglobulin im Serum. K1in Wochenschr
61:1209-1215, 1983.

Jones, R.H., Hayakawa, H., Mackay, J.D., Parsons, V. and Watkins, P.J.:
Progression of diabetic nepropathy. Lancet i:1105-1106, 1979.

Knowles, H.C.: Magnitude of the renal failure problem in diabetes. Kid Int
6:2-7, 1974.

Larsen, K.: Creatinine assay by a reaction - kinetic principle. Clin Chim
Acta 41:209-217, 1972.

Mitch, W.E., Walser, M., Buffington, G.A. and Lemann, J.Jr.: A simple
method of estimating progression of chronic renal failure. Lancet 1i:1326-
1328,1976.

Morgensen, C.E.: Long-term antihypertensive treatment inhibiting progres-
sion of diabetic nephropathy. Br Med J 285:685-688, 1982.

Narayanan, S. and Appelton, H.D.: Creatinine: A review. Clin Chem 26:
1119-1126, 1980.

Parving, H-H., Andersen A.R., Smidt, U.M. and Svendsen, PAa.: Early ag-
gressive antihypertensive treatment reduces rate of decline in kidney
function in diabetic nephropathy. Lancet §:1175-1179, 1983.

Parving, H-H., Smidt, U.M., Friisberg, B., Bonnevie-Nielsen, V. and
Andersen A.R.: A prospective study of glomerular filtration rate and ar-
terial blood pressure in insulin-dependent diabetics with diabetic
nephropathy. Diabetologia 20:457-461, 1981.

Peterson, P.A., Evrin, P.E. and Berggdrd J.: Differentation of glomerular,
tubular and normal proteinuria. Determinations of urinary excretion of 8,-
microglobulin, albumin and total! proteins J Clin Invest 48:1189-1193,
1969.

Widell, L.: The serum level and urinary excretion of Bz-microg1obulin in
health and renal disease. Pathol Biol 26:295-301, 1978.

Wibell, L., Evrin, P.E. and Berggdrd, J.: Serum sz-microglobu1in in renal
disease. Nephron 10:320-331, 1973.

Viberti, G.C., Bilous, R.W., Mackintosh, and Keen, H.: Monitoring
qlomerular function in diabetic nephropathy. Amer J Med 74:256-264, 1983.
Viberti, G.C., Keen, H. and Mackintosh .: 8,-microglobulinaemia: a sensi-
tive index of diminishing renal function in"diabetics. Br Med J 282:95-98,
1981.

23



