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ABSTRACT 
Glomeru’lar f i l t r a t i o n  r a t e  ( G F R ,  s i ng le  bolus ’ l C r - E D T A  t e c h n i q u e ) ,  serum 

c r e a t i n i n e  and serum p2-micro410bul i n  c o n c e n t r a t i o n s  were measured simul- 
taneously in 49 insulin-dependent d i a b e t i c s  w i t h  d i a b e t i c  nephropathy. GFR 
r a n g e d  from 1 4 8  t o  23 ml/min/1.73 m . Inve r se  serum c o n c e n t r a t i o n s  of 
c rea t in ine  and p2-microglobulin showed a s i g n i f i c a n t  c o r r e l a t i o n  w i t h  G F R  
o v e r  t h e  whole  r a n g e  of  v a l u e s ,  r = 0 .87  and r = 0.90, r e s p e c t i v e l y  
( p  <0.001). In the  31 p a t i e n t s  w i t h  a GFR < 80 ml/min/1.73 m , serum con- 
c e n t r a t i o n  of c rea t in ine  and p2-microglobulin were w i t h i n  t he  normal range i n  
12 and 9 p a t i e n t s ,  r e s p e c t i v e l y .  W i t h  GFR below 60 ml/min/1.73 m , a l l  
p a t i e n t s  had elevated serum p2-microglobulin concentrations,  while 24% of the 
pa t ien ts  s t i l l  had normal c rea t in ine  concentration. Linear regression ana lys i s  
between l o g  GFR and l o g  serum p2-microglobulin showed a b e t t e r  re la t ionship  
than between log GFR and  log serum c rea t in ine ,  slope -0.90 and -0.57, r e spec -  
t i v e l y ,  p ~ 0 . 0 1 .  A prospective study f o r  up t o  70 months was performed i n  18 
of the  pa t ien ts .  The study showed a c lose r  re la t ionship  between the individual 
r a t e  of dec l ine  i n  lo9  GFR and log serum p2-microglobulin compared to  log GFR 
versus log  serum c rea t in ine ,  p < 0.01. Neither serum crea t in ine  nor serum p2- 
microg lobu l in  can be used a s  methods f o r  s c r e e n i n g  of ea r ly  impairment of 

2 renal function (GFR < 80 ml/min/1.73 m i n  d i a b e t i c  nephropathy .  O u r  s tudy  
sugges t s  t h a t  serum p2-microglobul i n  i s  more ideal endogenous marker fo r  GFR 
estimation than serum c r e a t i n i n e .  The accuracy  and p r e c i s i o n  of serum p2- 
microg lobu l in  i s  b e t t e r  than serum c r e a t i n i n e  i n  monitoring the  individual 
r a t e  of decline in kidney function i n  d iabe t ic  nephropathy. 
Key words: Diabetic nephropathy, qlomerular f i l t r a t i o n  r a t e ,  insul in-dependent 
diabetes mel l i tus ,  serum crea t in ine ,  serum p2-microglobulin. 

Determination of serum c rea t in ine  i s  probably the  most commenly used method 
for  estimation of glomerular f i l t r a t i o n  r a t e  ( G F R ) ,  The disadvantages of serum 
c r e a t i n i n e  a re  well known ( 9 ) .  Or ig ina l ly ,  Wibell e t  a l .  (14 ) .  suggested t h a t  
measurements of serum p2-microglobulin concentration m i g h t  be more useful than 
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serum c r e a t i n i n e  f o r  d e t e c t i o n  o f  a s l i g h t l y  reduced GFR. Recent s tud ies  i n  
d iabe t i c  nephropathy have suggested t h a t  serum p2-microglobul i n  i s  a re1  i a b l  e 

and sens i t i ve  method i n  screening f o r  e a r l y  impairment o f  GFR (16,15,3). , 

The aim o f  o u r  c r o s s e c t i o n a l  s tudy  was t o  e v a l u a t e  t h i s  sugges t ion  by 
measur ing  s i m u l t a n e o u s l y  GFR and serum concentrat ions o f  c rea t i n ine  and p2- 
microglobul in.  Furthermore, we performed a p r o s p e c t i v e  s t u d y  o f  t h e  3 above 
ment ioned var iab les  t o  e luc ida te  the  usefulness o f  the serum concentrat ion o f  
c rea t i n ine  and p2-microglobul in mon i to r ing  the  r a t e  o f  dec l ine  i n  GFR i n  i n -  

d iv idua l  pa t ien ts .  

MATERIAL AND METHODS 

Seventeen females (mean age 31 years) and 32 males (mean age 34 years) w i t h  
insul in-dependent d i a b e t e s  m e l l i t u s  (IDDM) and d i a b e t i c  nephropathy were 
i n v e s t i g a t e d .  A l l  pa t i en ts  were charac ter ized  by pe rs i s ten t  p ro te inu r ia  (>0.5 

9/24 h), serum c r e a t i n i n e  l ess  than 250 pmol/ l ,  age less  than 50 years,  onse t  
o f  I D D M  b e f o r e  t h e  age o f  31 yea rs .  A l l  pa t ien ts  had d iabe t i c  ret inopathy.  

Mean durat ion o f  d iabetes was 20 y e a r s .  D i a b e t i c  nephropathy  was diagnosed 
c l i n i c a l l y  according t o  p rev ious ly  described c r i t e r i a  (11). A l l  pa t i en ts  were 
insul in-dependent from the t ime o f  d iagnosis and a l l  r e c i e v e d  2 d a i l y  i n j e c -  
t i o n s  o f  i n s u l i n  (mean dose o f  0.62 IU lkg lday) .  Twenty-six pa t i en ts  received 

a n t i h y p e r t e n s i v e  t r e a t m e n t  ( m e t o p r o l o l  , h y d r a l a z i  ne and  f u r o s e m i  de o r  
t h i a z i d e ) .  I n  a d d i t i o n  one p a t i e n t  r e c e i v e d  pheny to in ,  300 mg/day f o r  

e p i l e p s y .  Apar t  f rom I D D M  a l l  p a t i e n t s  were  h e a l t h y  and  f r e e  o f  lym- 

phoprol i f e r a t i  ve and autoimmune diseases. Ur ine c u l t u r e  was s t e r i  1 i e  i n  a1 1 . 
A l l  i nves t i ga t i ons  were made on the  same day between 09.00 h and 13.00 h. 

The p a t i e n t s  had t h e i r  normal b reak fas t  and morning i n s u l i n  before the inves- 
t i g a t i o n s ,  which were c a r r i e d  o u t  w i t h  t h e  p a t i e n t s  r e s t i n g  i n  t h e  sup ine  
p o s i t i o n .  A l l  p a t i e n t s  were i nves t i ga ted  once. I n  add i t ion ,  18 pa t i en ts  were 

s tud ied  6 t o  14 t imes dur ing  an i n v e s t i g a t i o n  p e r i o d  r a n g i n g  f rom 18 t o  70 
months. GFR was measured a f t e r  a s ing le  intravenous i n j e c t i o n  o f  51Cr-EDTA by 

studying the plasma disappearance f o r  4 h (2). The mean i n t r a - i n d i v i d u a l  coef- 
f i c i e n t  o f  v a r i a t i o n  f o r  GFR was 4.1%. Serum- and u r i n e  c r e a t i n i n e  were 
measured using a t ime reac t i on  technique which reduces t h e  i n t e r f e r e n c e  f rom 
pseudo-creatinines (6). Serum p2-microglobul i n  concentrat ions were measured by 
radioimmunoassay (Phadebas, p2 -micro t e s t ,  Pharmacia Diagnost ics AB, Uppsala, 
Sweden). The c o e f f i c i e n t  o f  v a r i a t i o n  f o r  c rea t i n ine  and p2-microglobul in was 

2.2% and 4.68, respec t i ve l y  w i t h i n  assays and 2.9% and 4 .9% between assays. 
The upper l i m i t  o f  normal f o r  serum c r e a t i n i n e  i n  our labora tory  i s  100 pmol/ l  
(females) and 120 pmol/ l  (ma les) .  The upper  l i m i t  o f  normal f o r  serum p2- 
mic rog lobu l in  i n  our labora tory  i s  2.4 mg/l f o r  both 
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S t a t i s t i c a l  ana lys i s  was performed w i t h  t h e  p a i r e d  s tuden t ’ s  t - t e s t .  The 
r e l a t ion  between the  var iab les  was estimated by 1 inear  regression analysis.  

RESULTS 
T a b l e  I and  I 1  show t h a t  serum c o n c e n t r a t i o n s  of c r e a t i n i n e  and p2- 

microglobulin remain w i t h i n  the upper  limit of normal i n  1 2  and 9 pa t i en t s  ou t  
of 31 pat ien ts  w i t h  a GFR below 80 ml/min/1.73 m , respec t ive ly .  

Table I .  Glomerular f i l t r a t i o n  r a t e ,  serum 

2 

concentration of c rea t in ine  and p2 
-microglobulin i n  32 male pa t i en t s  
w i t h  d iabe t ic  nephropathy 

Number of male IDDM pa t i en t s  w i t h  

GFR Serum Serum p2- 
c rea t in ine  microglo- 

b u l i n  

(mg/l) 2 (ml/min/1.73m 1 (pmol/l)  
<120 >120 <2.4 >2.4 

>80 

<80 

11 1 12 0 

7 13 7 13 

Table I1 Glomerular f i l t r a t i o n  r a t e ,  serum 
concentration of c rea t in ine  and p2 
-microglobulin i n  17 female pa- 
t i e n t s  w i t h  d i abe t i c  nephropathy 

Number of female IDDM pa t i en t s  w i t h  
GFR Serum Serum p, 

c rea t in ine  microgl o- 
bul i n  

(m1/min/1.73m2) (pmol/l) (ms/l)  
<loo >loo ~2.4 >2.4 

>80 5 1  6 0  
<80 5 6  2 9  

2- 85857 1 17 
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Fig 1. Glomerular filtration rate versus creatinine concentration in 17 females 
(0) and 32 males ( 0 )  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 $-microglobul in concentration in 17 
females (0) and 32 males ( 0 )  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 (el, r = 0.88, p<O.OOl 
with diabetic nephropathy. 
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Fig 4. Glomerular filtration rate versus inverse serum B2-microglobul in con- 
centration in 17 females (01, r = 0.94, p < 0.01, and 32 males (01, 
r = 0.88, p < 0,001. with diabetic nephropathy. 
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Figure  1 and 2 show t h e  r e l a t i o n s h i p  between serum c o n c e n t r a t i o n s  o f  
c r ea t in ine  and p2-microglobulin on the one hand and GFR on the  other.  With 'GFR 
below 60 ml/min/1.73m , a71 of the serum 82-microglobulin c o n c e n t r a t i o n s  ex- 
ceeded t h e  upper 1 imit  of normal , while 24% of the  pa t i en t s  (4/17) s t i l l  had 
normal serum c rea t in ine  concentration. Serum crea t in ine  concentration was nor- 
ma1 i n  2 pat ien ts  w i t h  a GFR a s  low as  48 ml/min/1.73 m . 

2 

2 

Figure 3 and 4 show the  cor re la t ion  between GFR on the  one s ide  and i n v e r s e  
serum crea t in ine  values ( r  = 0.87, n = 17 females; r = 0.88, n = 32 males, p < 
0.01), and inverse serum p2-microqlobulin levels Ir = 0.94, n = 17 females ;  r 
=0.88, n = 32 males, p < 0.01) on the  o ther .  

Table I 1 1  shows t h a t  t he  slope of the regression l i n e s  between l o g  GFR ver -  
sus l o g  p 2 - m i c r o g l o b u l i n  i s  c l o s e r  t o  t h e  i d e a l  s l o p e  o f  -1.0 than  
demonstrated f o r  the  re la t ionship  between log  GFR versus l o g  c r e a t i n i n e .  Our 
longitudinal study of 18 IDDM pat ien ts  revealed the  same results(Tab1e IV). 

Table I11 
Linear regression ana lys i s  between log glomerular f i l t r a -  
t i on  r a t e  and log  serum p2-microglobulin and log serum 
crea t in ine  i n  49 insulin-dependent d i abe t i c s  w i t h  nephro- 

pathy 

Subject Sex Slope of the regression lines 
No p2-microgl obul i n  c r ea t in ine  

32 M -0.842 -0.596 
(0.694-0.990) ( 0.481-0.7 11 ) 

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 limits indicated 

20 



Table V I  
Linear regression analyses between Log glomerular f i l t r a t i o n  r a t e  and Log 

Serum p2-microglobulin and Log serum c r e a t i n i n e  i n  18 insu l in -dependen t  
diabetic pat ients  w i t h  d iabet ic  nephropathy 

Pat ients  Slope of the regression Correlation coeff ic ient  
1 ines  of the regression l i n e s  

6 micro- creat inine 
gl obul i n 
2- p2-micro- c r e a t i  n i  ne 

gl obul i n  

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12  
13 
14 
15 
16 
17 
18 

-1.05 
-0.73 
-0.73 
-1.23 
-0.46 
-1.11 
-0.80 
-0.56 
-0.51 
-1.14 
-0.99 
-0.44 
-0.87 
-0.87 
-0.99 
-0.87 
-0.34 
-0.95 

-0.23 
-0.82 
-0.42 
0.15 

-0.27 
-0.47 
0.19 

-0.76 
-0.30 
-0.42 
-0.79 

0.01 
-0.53 
-0.66 
-0.95 
-0.24 
-0.96 
-0.95 

-0.96 
-0.75 
-0.89 
-0.90 
-0.25 
-0.91 
-0.89 
-0.03 
-0.62 
-0.85 
-0.96 
-0.59 
-0.94 
-0.75 
-0.70 
-0.93 
-0.22 
-0.91 

-0.67 
-0.71 
-0.50 
0.23 

-0.27 
-0.60 
0.26 

-0.09 
-0.41 
-0.57 
-0.91 
0.02 

-0 -83 
-0.94 
-0.93 
-0.72 
-0.60 
-0.93 

Mean 
+SO 

-0.81 -0.47 -0.73 -0.51 
+0.26 +O .37 +O .28 +0.39 

DISCUSSION 
The major novel information obtained from our prospective study i s  t h a t  the 

inverse serum p2-microglobulin c o n c e n t r a t i o n  can be used a s  a simple and 
f a i r l y  r e l i a b l e  me thod  f o r  mon i to r ing  glomerular f u n c t i o n  i n  i n d i v i d u a l  
pa t i en t s  w i t h  GFR values ranging from 116 t o  23 ml/min/1.73 m . By c o n t r a s t  
our r e s u l t s  suggest t h a t  the inverse of the serum crea t in ine  concentration i n  

2 

21 



useful only i n  p a t i e n t s  w i t h  more advanced d i abe t i c  nephropathy ( G F R  <70 
ml/min/1.73 m 1. T h i s  implies that  a substantial reduction in GFR remains un- 
detected i f  t h i s  method i s  used in p a t i e n t s  w i t h  G F R  w i t h i n  normal l i m i t s .  
However, i t  i s  well documented t h a t  the inverse of the serum creatinine con- 
centration declines l inear ly  with time i n  most pa t i en t s  w i t h  chronic  renal 
i n s u f f i c i e n c y  (serum ,200 pmol/l)  caused by various d iseases  including 
diabetes mellitus ( 7 , 4 ) .  

All ideal  endogenous marker of GFR should have a constant ra te  of syntese, 
pass freely across the glomerular membran w i t h o u t  return t o  the  c i r c u l a t i o n ,  
a n d  w i t h  no al ternat ive route of excretion or catabolism. Thus  the serum con- 
centration of such a substance should increase twofold when GFR i s  reduced by 
50%. Our study revealed an increase in serum p2-microglobulin of 1.87 compared 
t o  an increase i n  serum c r e a t i n i n e  of only 1.49. Previous s t u d i e s  have 
demonst ra ted  t h a t  p2-microglobul in  f u l f i l s  most of t he  above mentioned 
c r i te r ia  (14,12,13). Recent crossectional s tud ies  have suggested t h a t  serum 
concentrat ion of p2-microglobulin can be used a s  a re l iable  and sensit ive 
method in screening for  ea r ly  impaired GFR i n  IDDM p a t i e n t s  with d i abe t i c  
nephropathy (15 ,3 ) .  Our crossectional study of 17 females and 32 males w i t h  
G F R  values ranging from 148 t o  23 ml/min/1.73 m does not supports t h i s  
suggestion. Normal serum concentrations of p2-microglobulin were found in 9 
out of 31 patients w i t h  GFR below 80 ml/min/1.73 m ( lower l imit  of normal 
range). This discrepancy may be explained by the limited number of patients ( 3  
females and 10 males) s tudied by Vibert i  e t  a l .  (151, a n d  the lack of GFR 
determination i n  t h e  study of Goebel e t  a l .  (3 ) .  However, i t  should be men- 
tioned t h a t  a l l  patients w i t h  GFR below 60 ml/min/1.73 m had elevated serum 
p2-microglobul in  concentrations while serum creatinine was s t i l l  normal in 4 
o u t  of these 17 patients.  

Renal fa i lure  due t o  diabetic nephropathy i s  the major cause of death (30%) 
i n  IDDM patients ( 5 , l ) .  Recent studies 115,8,10), using sensit ive and re l iable  
methods f o r  G F R  measurements, e.g. ' l C r - E D T A  a n d  inul in  c learance,  have 
demonstrated t h a t  the ra te  of decline i n  G F R  i s  constant  in  the  individual  
patient,  b u t  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 e f f e c t  of t rea tment ,  e.g. antihypertensive,  i n  the individual patient,  
ser ia l  determinations of GFR are required. Unfortunately,  these  methods are 
time consuming, expensive a n d  often require use of radioactive tracers.  Our 
longi tudina l  s t u d y  s u g g e s t s  t h a t  s e r i a l  d e t e r m i n a t i o n  of serum p 2 -  
m ic rog lobu l in  can b e  used a s  a s imple and f a i r l y  r e l i a b l e  method f o r  
monitoring GFR in individual patients. 
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