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ABSTRACT 
The usefulness and validity of blood glucose measurement as an index of diabetic control were assessed with reference to serum 
fructosamine. Two hundred and twenty-eight non -insulin dependent diabetic out -patients were studied in the usual clinical setting. 
Fasting blood glucose (FRG) concentration was positively correlated with serum fructosamine (r-0.42, t=6.78 p<0.01). On the basis 
of their serum fructosamine concentrations, patients were divided into 3 groups. They were good control (fructosamine <_ 288 umoll 
I), acceptable control (fructosamine 5 320 umol/1) and poor control groups (fructosamine > 320 mnol/1). The mean fasting blood 
glucose concentration was significantly higher in the latter than the former 2 groups. However, at each level of control, there was 
a wide range of FBG concentrations. Thus, the value of FBC in predicting glycaemic control is limited. Its positive predictive value 
was only 32%, and its overall accuracy as an index of diabetic control was only 58% though its negative predictive value was high (93%). 
In 162 patients with poor diabetic control as indicated by their serum fructosamine concentrations, 81 (50%) of them had FRG less 
than 10 mmolIl on their clinic visit day. 

Fasting blood glucose is therefore not a reliable measure of good diabetic control, though it is useful in predicting poor 
control. FBG is simple to measure, cheap and rapidly available on clinic day, thus ensuring its continuing use. Doctors should 
be aware of its limitations and should not rely solely on FRG to assess diabetic control. 
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INTRODUCTION 
Current consensus view holds that diabetes specific complica- 
tions can be prevented by attainment of normal or near normal 
metabolic control of the disorderft. [n routine clinical practice 
it is therefore highly desirable to have a simple reliable test of 
metabolic control to permit frequent monitoring of patient's 
diabetes. The traditional test is blood glucose measurement. 
In our practice, we routinely measure the fasting and timed 
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post -prandial blood glucose concentrations of diabetic out -pa- 
tients. Blood glucose concentrations fluctuate throughout the 
day and a spot sample cannot be expected to characterise 
glycaemic state accurately, particularly in the insulin depend- 
ent diabetic with highly labile blood glucose levels. In non - 
insulin dependent diabetics, however, blood glucose levels, 
especially in the fasting state have been shown to be stable('-"), 
presumably because of their greater residual endogenous insu- 
lin secretion. Fasting blood glucose concentration is therefore 
widely regarded as an accurate measure of glycaemic control 
in non -insulin dependent diabetictsst. In the last 15 years, 
glycosytated protein measurement has become widely accepted 
as a useful alternative measure of diabetic controlo%n. We 
recently acquired the ability to measure serum fructosamine. 
This offers us an opportunity to critically evaluate the validity 
of blood glucose measurement as an index of diabetic control. 

METHODS 
Diabetic patients were recruited for the study during their rou- 
tine visit to the diabetic out -patient clinic of a hospital. All 
patients had previous venous whole blood glucose concentra- 
tions greater than 10 mmol/J on at least 2 occasions, in keep- 
ing with the WHO diagnostic criteria of diabetesft. All pa- 
tients were treated by diet alone or by diet plus oral 
hypoglycaemic agents. 

Patients were requested to fast overnight and to attend the 
diabetic clinic before breakfast. Blood specimens were ob- 
tained by venipuncture each for determination of fasting blood 
glucose (FBG) and serum fructosamine concentrations. A sec 
and specimen was taken approximately two hours after pa- 
tients had taken their breakfast for determination of post -pran- 
dial blood glucose (PPBG) concentrations. 

Forty-one healthy non -diabetic volunteers (age range 27 - 

50 years, mean age 37 years; 22 men and 19 women) were 
recruited from hospital staff. Serum fructosamine concentra- 
tions were measured in these subjects to determine the normal 
reference range of serum fructosamine concentrations. 



Fig 1 - Correlation between Serum Fructosamine (FRUC) 
and Fasting Blood Glucose (FBG) concentrations 

Table I - Relationship between status of metabolic control 
and mean Fasting Blood Glucose 
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Fig 2- Correlation between Serum Fructosamine (FRUC) 
and two hour Post -prandial Blood Glucose 

(PPBG) concentrations. 
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Metabolic 
Control 

No. of 
patients 

No(%) 

Mean fasting 
BG 

mmolll±f SD 

P 

Good control 20(10) 7.3 ± 2.2 

Fructosamine < 288 umol/I I t = 1.0512 

P >0.05 

Acceptable control 

Fructosamine 5 320 umol/I 25(12) 8.2± 3.4 

t = 3009 

Poor control p < 0.01 

Fructosarnine> 320 umotfl 162(78) 10.1 ± 3.8 

Total 207(100) 

Table II - Validity of Blood Glucose Concentration as a 

measure of metabolic control, with reference to Serum 
Fructosamine 

Metabolic 
Control 

Good/Acceptable 
Fructosamine 
Q20 umol/1 

Poor 

Fructosamine 
>320 umol/t 

Good/Acceptable 39 81 120 
FBG <_ 10 mmol/I 

Poor 6 81 87 
FBG> 10mmol/I 

45 162 207 

Positive predictive 
value 

Negative predictive 
value 

Accuracy 

proportion of those with FBG < 10 mmol/l 
who had Good/Acceptable metabolic control as 

indicated by their serum fructosamine =39/120 
= 32% 

proportion of those with FBG > lQnttol4 who 
had poor metabolic as indicated by their scrum 
fnrctosanmse = 81/87 = 93% 

proportion of patients correctly identified as 

having Good/Acceptable or poor metabolic 
control = 39 + 81 = 58% 

207 

Blood glucose concentrations were determined by a glu- 
cose oxidase method using Beckman Glucose analyser II. Se- 
rum fructosamine concentrations were determined by nitro - 
blue tetrazo-lium calorimetric assayt10."' (Roche -Diagnostic) 
using Abbott VPSS autoanalyser. 

Results were entered into a computer using D Base III 
plus appplication programme for data collation and analysis. 
Statistical analysis was performed by linear regression analy- 
sis or student's t test where appropriate. 

RESULTS 
A total of 228 patients were studied. Their mean age was 53 
years, range 24-81 years. There were 119 men and 109 women. 
Serum fructosamine results were available from all patients, 
while only 207 fasting blood glucose (FBG) and 162 post- 
prandial blood glucose (PPBG) results were available. Data 
analysis was done on those whose results were available. 

Fig I and 2 show respectively the correlation between se- 
rum fructosamine and FBG, and between serum fructosamine 
and PPBG. The correlations were weak (fructosamine VS 
FBG, rß.42, fructosamine VS PPBG, r=0.46) though they 
were statistically significant (t=6.78 and 6.48 respectively, 
P<0.01). 



The range of serum fructosamine in 41 healthy volunteers 
was 217 to 283 umol/1 (mean ± 1SD = 256 ± 16umol/1, coeffi- 
cient of variation 6.2%). On the basis of a recent European 
Diabetes Study Group recommendation on targets for diabetic 
controlo), we defined good metabolic control as serum 
fructosamine less than or equal to 288 umol/I (mean + 2SD), 
and acceptable metabolic control as serum fructosamine less 

than or equal to 320 umol/1 (mean + 4SD) and/or fasting blood 
glucose less than or equal to 10 mmol/1. On the basis of their 
metabolic control, patients can be divided into 3 categories. 
These are good control, acceptable control and poor control 
groups (serum fructosamine > 320 mmol/1). As shown in 
Table I, the mean fasting blood glucose concentration varies 
from 7.3 mmol/1 for the good control group to 10.1 mmol/l for 
the poor control group. The difference in mean fasting blood 
glucose between good and acceptable control groups was not 
significant (t = 1.051, P > 0.05). That between acceptable and 
poor control groups was however highly significant (t = 3.009, 
P<0.01). Nevertheless, the standard deviations of fasting blood 
glucose concentrations were large indicating a wide range of 
blood glucose concentrations at each category of metabolic 
control. 

The validity of blood glucose concentration as an index of 
diabetic control was assessed using serum fructosamine as the 
standard of reference. As shown in Table Il, the positive 
predictive value of blood glucose measurement is only 32% 
and its overall accuracy only 58%. The table also shows that 
of 162 patients who had poor control as indicated by their 
serum fructosamine concentrations, only 81 of them (50%) 
had FBG less than 10 mmol/1 on their clinic visit days. 

DISCUSSION 
In this country, the metabolic control of diabetic patients is 

currently assessed principally by blood glucose measurements 
at the out -patient clinic. An alternative test, the serum 
fructosamine assay is now commercially available. Blood glu- 
cose measurement is however likely to remain the routine test 

of diabetic control simply because it is much cheaper and 
technically simpler. Glycosylated protein measurement on the 

other hand is expensive and technically exacting. Its useful- 
ness in insulin -dependent diabetics is proven0213). Insulin de- 
pendent diabetes however is rare in Malaysiat16). The vast 
majority of diabetics on follow-up at our clinic are non -insulin 
dependent. In these patients, the usefulness of routine testing 
of serum fructosamine remains uncertainty), as fasting blood 
glucose is widely regarded as a valid and reliable measure of 
diabetic control o-615-57). 

The results of this study show that blood glucose concen- 
trations on clinic day were positively correlated with serum 
fructosamine. However, at each level of control as indicated 
by serum fructosamine, there was a wide range of FBG con- 
centrations. Thus, any individual blood glucose measurement 
was of limited value in predicting glycaemic control. Indeed, 
its positive predictive value was only 32%, though its high 
negative predictive value (93%) was useful in identifying those 
with poor metabolic control. 

Other studiest1S l6) had however shown that FBG is a reli- 
able and adequate measure of metabolic control. This is in 

contrast with our results. The discrepancy between our results 
and that of others is probably due to differences in patients' 
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behaviour. It is well known that patients' behaviour preceding 
and on clinic visit days may differ from ordinary days. Pa- 

tients may restrict food intake or may be more compliant with 
medication in the few days preceding clinic visit in order to 
lower their fasting blood glucose, thus giving spuriously good 
control. The extent of such attempted deception is uncertain 
and likely to vary widely among populations thus accounting 
for the discrepancy between our results and that of others. 
This is also the presumed explanation for the finding in this 
study of 162 patients with poor control as indicated by their 
serum fructosamine (which is a measure of average blood glu- 
cose concentration over the preceding 2-3 weeks), and yet 81 

(50%) of them had FBG less than 10 mmol/1 on their clinic 
visit days. 

In conclusion, this study has shown that FBG is not an 

accurate measure of diabetic control. FBG may still be useful 
in predicting poor control. The technical simplicity of FBG 
measurement, its low cost and the rapid availability of FBG 
result on clinic day will probably ensure its continuing use. 

Doctors who care for diabetic patients should however be aware 
of the limitations of FBG and should not rely solely on FBG to 
assess diabetic control. 
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