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Summary. Serum levels of  acetoacetate, 3-hydroxybutyrate 
and the 3-hydroxybutyrate/acetoacetate ratio were deter- 
mined in Type 1 (insulin-dependent) and Type 2 (non-insulin- 
dependent) diabetic patients by a new sensitive method. Ef- 
forts were made to differentiate Type 1 and Type 2 diabetes by 
serum levels of  ketone bodies and to determine whether their 
measurement is a useful way of monitoring diabetic control. 
In Type 2 diabetes, serum levels of  total ketone bodies did not 
exceed 2.0 mmol/ l  even if the patients were untreated or poor- 
ly controlled. In Type 1 diabetic subjects, treated with once or 
twice daily injections of  insulin, morning serum levels of  ace- 
toacetate, 3-hydroxybutyrate and total ketone bodies were sig- 
nificantly elevated by four-, ten- and sevenfold, respectively. 
In Type 2 diabetic subjects treated with diet or sulphonylu- 

reas, serum levels of  3-hydroxybutyrate were highest before 
breakfast, next highest before dinner and decreased after each 
meal. The changes were roughly inversely proportional to se- 
rum insulin levels. In addition, insulin treatment normalized 
fasting serum levels of  ketone bodies better than diet or sul- 
phonylurea treatment. Acetoacetate was also significantly in- 
creased in both types of  diabetes to a lesser extent, but no ap- 
parent diurnal rhythm was observed. Determination of  serum 
levels of  ketone bodies is useful for the diagnosis of  Type 1 
diabetes (those with total ketone bodies > 2 mmol/1) and for 
detecting insufficient insulin therapy. 
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P roneness  to ketosis is an  impor t an t  measure  for  differ- 
ent ia t ing Type 1 ( insul in-dependent )  and  Type 2 (non-  
insu l in-dependent )  diabetes [1, 2]. Rou t ine  tests for  ke- 
tone  bodies  (ni t roprusside react ion)  on ly  detect  ace- 
toace ta te  (AcAc),  and  ace tone  to a lesser degree,  bu t  no t  
3 -hydroxybu ty r i c  acid (3 -OHBA),  the m a j o r  ke tone  
b o d y  which  is increased  in poo r ly  cont ro l led  diabetes 
[31. 

Ke tone  bodies  are increased also in the sera o f  
hea l thy  diabet ic  subjects  [4, 5]. Therefore ,  quant i f ica t ion  
o f  se rum levels m a y  be clinically impor t an t  for  assessing 
cont ro l  in bo th  types  o f  diabetes.  

We have deve loped  a sensitive a nd  simplif ied meth-  
od  for  the de te rmina t ion  o f  A c A c  and  3 - O H B A .  With  
this me thod ,  we have tried to assess whe the r  quant i f ica-  
t ion o f  se rum levels o f  ke tone  bodies  is useful  (a) to dif- 
ferentiate Type 1 f r o m  Type 2 diabetes,  and  (b) to moni -  
tor  diabet ic  control .  

Subjects and methods 

Subjects 
The 91 normal subjects were aged between 18 and 65 years. The dia- 
betic subjects were classified into Type 1 and Type 2 diabetes accord- 

ing to the National Diabetes Data Group (t) and WHO Expert Com- 
mitee [2]. Overnight fasting blood was obtained from 117 treated 
Type t diabetic subjects, aged 7-20 years. All had urinary C-peptide 
reactivity excretion < 10 ag/day. Haemoglobin A1 levels were elevat- 
ed (mean+SEM, 12.1+0.3%, n=53; upper limit of our normal 
range: 8%). All had been treated with intermediate-type insulin 
(mean + SEM, 27 + 1.4 U) before breakfast. Eighteen received addi- 
tional intermediate-type insulin (13.4___ 2.7 U) before dinner. Twenty- 
two subjects received short-acting insulin (6.7_+ 0.9 U) concomitant 
with the morning intermediate-type insulin. Fourteen adult-onset 
Type I diabetic patients, including four with ketoacidosis, were also 
included to study the relationship between fasting plasma glucose and 
serum ketone bodies levels. The other t0 subjects were classified as 
having Type 1 diabetes on the basis of ketosis-proneness, episode of 
ketosis and rapid progression to insulin dependency. At least 260 
Type 2 diabetic subjects treated or untreated (28 subjects) were stud- 
ied. They had a urinary C-peptide reactivity excretion> 20 Ixg/day 
(up to a maximum of 80 ~tg/day). One-third had normal glycosylated 
haemoglobin (HbA0 levels (9.5 + 0.25%, mean • SEM, n = 91). Those 
who received insulin for diabetic control had previously been on diet 
or sulphonylurea treatment. They were classified into those on diet, 
sulphonylureas and insulin, and further divided according to the de- 
gree of fasting hyperglycaemia. In most subjects, ketone bodies were 
determined repeatedly: using a representative stabilized value after 
2-4 weeks treatment. Only one value was used for each subject except 
in severe and untreated subjects whose initial values were also used. 
Newly diagnosed untreated subjects were analysed with the diet 
group, since their total calorie intake per day and food composition 
were similar. The Type 2 diabetic subjects in this study were mostly 
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Table 1. Serum ketone bodies levels in juvenile Type 1 diabetic subjects according to fasting plasma glucose levels 

Fasting No. Aceto- 3-Hydroxy- Total 3-OHBA/AcAc 
plasma of acetate butyrate (Ixmol/1) ratio 
glucose subject (ttmol/1) (~tmol/1) 
(mmol/1) 

Normal subjects - 91 41.0 + 1.4 34 + 2.1 74_+ 2.4 0.91 + 0.07 
Type 1 diabetic subjects < 5.6 15 113 "q- 11  b 182 + 32 b 295 _+ 39 a 1.6 _+ 0.2 a 

5 .6-7 .8  28 149 + 9 b 261___35 b 410+42 b 1.7 -+0.2 a 
7.8-11.1 24 148 _ t 3  b 308+42 b 465_+53 b 2.0 +0.18 

>11.1 50 203 +_13 b 487+45 b 689+57 b 2.2 • b 

Total 10.4+0.4 117 167 _ 7 b 357+25 b 524+32 b 2.0 -I"-0.1 b 

Results expressed as mean + SEM 
a p <0.02, b p <0.001 versus normal subjects 

non-obese (mean_+SEM percentage ideal weight, 101_+0.02%). 
Those who had been admitted to hospital with ketoacidosis were ex- 
cluded. 

Determination of  ketone bodies 

Blood was drawn before breakfast unless otherwise stated. No differ- 
ence in ketone body concentration was noted for either heparinized 
plasma or serum. Ketone bodies were stable for a few hours at room 
temperature while the blood clotted. Ketone bodies were also un- 
changed when stored for 12 h as whole blood in a refrigerator (4 ~ 
Usually ketone bodies were determined on the day of sampling. In 
some samples, they were determined within 1 week after storage at 
- 70 ~ (acetoacetate was found to be stable for up to 2-3 weeks at 
- 7 0  ~ 3-Hydroxybutyrate did not change during storage for this 
period even at - 20 ~ 

Acetoacetate was determined by a newly-devised technique [6], us- 
ing a modification of Salway's method [7]. In the present method, p- 
nitrophenyl-diazonium fluoroborate, which is more stable than the 
original diazonium salt, was used. In addition, the reaction product 
was more stable and quantitative. 3-OHBA concentration was calcu- 
lated from the difference between the total ketone body and AcAc lev- 
els. Total concentration was determined in sera after enzymatic con- 
version of 3-OHBA to AcAc. The morlar extinction coefficient of 
azocompound at 645nm is 33 .6•  -1, which is five 
times greater than NADH. A good correlation was noted between the 
present and the enzymatic method ( r  = 0.97-0.99, n = 20). 

Glucose [8], insulin [9], glucagon [10], growth hormone, and lipid 
levels were determined as described previously [11]. HbAa was deter- 
mined by the method of Trivelli et al. [12] and urinary C-peptide reac- 
tivity was determined as described by Kuzuya et al. [13]. 

Chemicals and reagents 

Lithium acetoacetate was obtained from Sigma, St. Louis, Missouri, 
USA. p-Nitrophenyl diazonium fluoroborate was synthesized [14], 
but is now available from Sanwa Kagaku Kenkyusho, Nagoya, Japan. 
3-Hydroxybutyrate was purified from pseudomonas lemoignei with 
specific activity over 40 U / m g  protein, which is also available from 
Sanwa Kagaku Kenkyusho. 

Statistical methods 

The Student's t-test was used to analyse the significance of the differ- 
ence. Paired t-test was used to evaluate post-prandial changes of 
blood glucose, serum insulin and ketone bodies (Fig. 4). Correlation 
coefficient (r)  and probability of rejection of null hypothesis (p) are 
shown. Equation of linear regression was also calculated for the rela- 
tionships between blood glucose and ketone bodies levels. 

Results 

The serum levels of ketone bodies in juvenile Type 1 
diabetic patients, according to fasting plasma glucose 
levels are shown in Table 1. The Type 1 diabetic subjects 
were split into four groups according to fasting plasma 
glucose levels. Serum levels of AcAc, 3-OHBA and total 
ketone bodies were all elevated by five-, fourteen- and 
ninefold in the diabetic subjects with fasting plasma 
glucose >11.1 mmol/1 (Table 1). The degree of eleva- 
tion, especially for 3-OHBA, was roughly proportional 
to the fasting plasma glucose levels, and therefore the 
3-OHBA/AcAc ratio was significantly increased (p < 
0.001). Even in those patients with fasting plasma glu- 
cose ~< 5.6 mmol/1, AcAc, 3-OHBA and total ketone 
bodies were increased by 2.7-, 5.4- and fourfold, re- 
spectively. Thus, in spite of insulin treatment, most of 
the Type I diabetic subjects exhibited ketonaemia. 

Relationship between fasting plasma glucose 
and serum total ketone bodies levels in Type 1 diabetes 

A correlation was noted between fasting plasma glucose 
and serum levels of total ketone bodies (r = 0.47, p < 
0.001, Fig. 1). Seven subjects, whose total ketone bodies 
were > 1.8 mmol/1, were adult Type I diabetic subjects. 
Among them, four, whose total ketone bodies exceeded 
3.0 mmol/1, were untreated or without insulin for a few 
days and were ketoacidotic on admission. The 3-OH- 
BA/AcAc ratio ranged from 1.5 to 5.8 in these subjects. 
The major increase of serum ketone bodies was attribut- 
able to 3-OHBA, with AcAc increased to a lesser de- 
gree. The remaining subjects were treated with insulin 
(Fig.l). 

In Type I diabetes, ketone bodies increased accord- 
ing to the degree of hyperglycaemia. 

Serum ketone bodies levels and 3-OHBA/AcAc 
ratio in Type 2 diabetes in relation to graded fasting 
hyperglycaemia 

In poorly-controlled Type 2 patients, whose plasma glu- 
cose exceeded 11.1 mmol/1, serum levels of AcAc, 
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Fig. 1. Relationship between fasting 
plasma glucose and serum total 
ketone bodies levels in 131 Type 1 
diabetic patients. The vertical line at 
2 000 Fmol/1 indicates the cut off 
point for proneness to ketosis. 
Figures in parentheses indicate actu- 
al values of total ketone bodies and 
glucose. (Correlation coefficient, 
r = 0.47, p < 0.001, regression equa- 
tion, Y =  4.0X + 10.6) 
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Fig. 2. A-D Serum levels of individual ketone bodies in relation to fasting plasma glucose levels in normal subjects and Type 2 diabetic patients 
treated with diet, sutphonylureas or insulin (numbers of patients given in parentheses). A Poorly controlled diabetic patients (fasting plasma glu- 
cose > 11.1 mmol/1); B fairly well controlled diabetic patients (11.1 _-> fasting plasma glucose > 7.8 mmol/1); C well controlled diabetic patients 
(7.8 > fasting plasma glucose > 6.1 mmol/1); D strictly controlled diabetic patients (fasting plasma glucose < 6.1 mmol/1). Bars indicate mean 
+ SEM; r-q AcAc; ~ 3-OHBA; mm total ketone bodies; ~ 3-OHBA/AcAc ratio. * p <0.05; ** p <0.01 versus normal subjects 

3-OHBA and the 3-OHBA/AcAc ratio were all signifi- 
cantly elevated by two- to tenfold, whether on diet, sul- 
phonylureas or insulin treatment (p <0.01; Fig.2A). 
Since the elevation of  3-OHBA was greater than the 
AcAc rise, the 3-OHBA/AcAc ratio was increased. 
Mean fasting plasma glucose levels did not differ ex- 
cept in the diet group whose fasting plasma glucose was 
2.8 mmol/1 higher than the other two groups. 

In Type 2 diabetic subjects, whose plasma glucose 
ranged from 7.8 to 11.1 mmol/l ,  serum levels ofindivid- 

ual ketone bodies increased two- to fivefold in those on 
diet, sulphonylureas or insulin treatment (Fig. 2B). The 
ratio was always greater than in control subjects. In 
those whose fasting plasma glucose was between 6.1 
and 7.8 ram�9 serum levels of  AcAc increased two- 
fold, and 3-OHBA by two- to fivefold (Fig.2C). In 
strictly-controlled diabetic subjects (fasting plasma glu- 
cose ~<6.ammol/1), only individual serum ketone 
bodies were normal in the insulin-treated group: this 
was not the case in the sulphonylurea- or diet-treated 
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Fig. 3. The relationship between fasting p lasma  glucose 
and  se rum total ketone bodies  levels in 281 Type 2 
diabetic patients with or without  t rea tment  ( r  = 0.45, 
p < 0.001, Y = 0.007X + 6.4) 
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Fig.4 A and B. The diurnal  changes  of  se rum ketone 
bodies  levels in Type2  diabetic patients on  diet, sul- 
phonylureas  or insulin treatment.  /x - - -  A : se rum 
insul in;  H : blood glucose;  O - - - O  : 3 -OHBA 
and  • - - - • : AcAc. Bars indicate m e a n  + SEM. 
A Type 2 diabetic subjects (n  = 17) treated by diet or 
su lphonylureas ,  BType  2 diabetic subjects ( n = 19) 
treated with insulin.  * p < 0.05, ** p < 0.025 
versus pre-prandial  value 
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groups (Fig. 2D). Fasting plasma glucose levels were not 
significantly different between the three groups. Insulin 
treatment seemed to be most efficient in normalizing se- 
rum ketone bodies levels in Type 2 diabetes. 

Relationship between fasting plasma glucose 
and serum total ketone bodies levels in Type 2 
diabetic subjects with or without treatment 

Serum levels of total ketone bodies were plotted against 
fasting plasma glucose levels in Type 2 diabetic subjects 
with or without treatment (Fig. 3). A correlation was ob- 
served between fasting glucose and serum levels of total 
ketone bodies (r  = 0.45, p < 0.001 ; Fig. 3). Even in those 
with untreated diabetes, serum levels of total ketone 
bodies were < 2.0 mmol/1. Mild ketonaemia, observed 
in subjects with plasma glucose < 10 mmol/1, was most 
probably attributable to calorie restriction. 

Diurnal changes of  serum levels of  ketone bodies in Type 2 
diabetic subjects on diet, sulphonylureas 
or insulin treatment 

In diabetic subjects on diet or sulphonylurea treatment, 
nearly mirror image diurnal changes were noted be- 
tween serum levels of 3-OHBA and glucose or insulin. 
3-OHBA levels were highest before breakfast or dinner 
when blood glucose and insulin reached their nadir, 
and decreased significantly after meals (Fig. 4A). Diur- 
nal changes of AcAc were not observed but were slight- 
ly high before breakfast. In the insulin-treated subjects, 
3-OHBA was highest before breakfast with a gradual 
decrease in the evening (Fig. 4B). In this group, the post- 
prandial reduction of ketone bodies was not observed 
in spite of hyperglycaemia after meals. This was 
thought to be attributable to lack of endogenous insulin 
secretion. Therefore, insulin seems to play a major role 
in the diurnal changes of serum 3-OHBA levels. 

Discussion 

Ketonaemia is one of the commonest metabolic abnor- 
malities in diabetes [4, 5]. In all Type 2 diabetic subjects 
studied here, total ketone bodies were below 2.0 mmol/1 
even if the patients were untreated or poorly controlled. 
We have noted a transient ketonaemia in Type 2 diabe- 
tes on an extremely low calorie diet (800 calories/day). 
Therefore certain conditions, such as extreme diet, exer- 
cise, stress or infection, might cause ketonaemia. Other- 
wise, ketone bodies seem rarely to exceed 2.0 mmol/1 in 
Type2 diabetic subjects. In Type 1 diabetes, even in 
those who were treated with insulin, serum ketone 
bodies were elevated several fold, and in decompensat- 
ed state up to 20 mmol/1. 

Since the major ketone body which increases in 
blood is 3-OHBA, routine urine tests with the nitroprus- 
side reaction are inadequate to evaluate ketonaemia. At 

a recent summer camp held in Osaka, out of 47 juvenile 
Type I diabetic subjects, only eight (5%) exhibited ke- 
tonuria, while serum 3-OHBA levels were elevated in 25 
( >  0.2 mmol/1; 53%). In addition, serum 3-OHBA was 
increased above 2 mmol/1 in four subjects who were not 
ketonuric by routine tests [15]. 

The degree of ketonaemia and the increased 3-OH- 
BA/AcAc ratio were roughly parallel to fasting plasma 
glucose levels. A significant correlation was observed 
between total ketone bodies and the 3-OHBA/AcAc ra- 
tio (r  = 0.5, p < 0.001, n = 200 for Type 2, and r = 0.69, 
p < 0.001, n = 82 for Type 1 diabetic subjects). The pref- 
erential elevation of 3-OHBA in sera and the early re- 
duction after insulin therapy have also been noted by 
other investigators in a limited number of subjects [3, 5]. 
However, the present study has demonstrated clearly 
the preferential elevation of 3-OHBA with insulino- 
penia in the both types of diabetes. 

Ketonaemia was most prominent in the morning 
followed by another peak before dinner. Post-prandial- 
ly, 3-OHBA decreased in those who had an endogenous 
insulin response, but not in those on insulin treatment 
(single dose of intermediate-type insulin). This indicates 
that hyperglycaemia per se cannot suppress ketonaem- 
ia. Insulin seems to be the most important factor for the 
diurnal changes of 3-OHBA. In normal subjects, Wil- 
denhoff noted a peak rise of ketone bodies at midnight 
followed by a peak before dinner or breakfast [t6]. In 
addition, growth hormone was not attributed as a trig- 
ger for the rise of ketone bodies [17]. In juvenile Type 1 
diabetic patients, serum glucagon levels were previously 
found to be elevated before breakfast [15]. Glucagon 
and cortisol may play a role in accelerating morning 
ketonaemia, especially for 3-OHBA [15, 18]. A morning 
rise of these insulin-antagonistic hormones may be at- 
tributable to insufficient levels of insulin in the early 
morning. 

In Type 2 diabetes those with fasting plasma glucose 
below 6.1 mmol/1 exhibited normal individual ketone 
bodies in the insulin-treated group, but not in the die- 
tary or sulphonylurea-treated groups. This indicates 
that in subjects on diet or sulphonylureas, normogly- 
caemia was attained at the expense of increased fat 
mobilization and oxidation. Insulin seems to be most 
efficient in normalizing these metabolic derangements. 
Serum ketone bodies levels, therefore, serve as a meta- 
bolic marker to monitor the derangement of fuel metab- 
olism, which is characterized by increased fatty acid ox- 
idation. Dissociated responses of serum glucose and 
ketone bodies after insulin treatment is more prominent 
in Type I diabetes. Even in those whose fasting plasma 
glucose fell below 5.6 mmol/1, a marked elevation of ke- 
tone bodies was noted. When using a typical insulin 
regimen (single or twice daily injection of intermediate 
insulin) in juvenile Type I diabetes, the morning level of 
serum insulin seemed to be insufficient. In Type 2 dia- 
betes, residual pancreatic B-cell function may supply 
sufficient basal levels of insulin. High morning levels of 
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ketone bodies may reflect morning insulinopenia [19]. 
Therefore, determination of ketone bodies may be a 
useful metabolic marker to estimate adequacy of insulin 
doses. Some investigators have already used 3-OHBA, 
determined by the enzymatic method as a metabolic 
marker in Type 1 diabetes [18, 20]. However, their nor- 
mal ranges were higher than ours. 

Since haemoglobin At was increased in most of our 
Type 1 diabetic subjects, residual metabolic derange- 
ment may have contributed to the observed ketonaemia 
in normoglycaemic subjects. Hepatic esterification of 
non-esterified fatty acid may be diminished in these 
subjects due to insufficient insulin action, contributing 
to the overproduction of ketone bodies. 

Non-esterified fatty acid may also serve as a meta- 
bolic marker, but it fluctuates little (0.2-2 mmol/1) com- 
pared with ketone bodies (0.05-20 mmol/1). There was 
better correlation between non-esterified fatty acid and 
total ketone bodies in Type 1 (r  = 0.7, p < 0.001, n = 44) 
compared with Type2 diabetes (r=0.33,  p<0.001, 
n = 221). Ketonaemia also reflects the ketogenic activity 
of the liver, which is accelerated by glucagon [21], with 
enhanced lipolysis in adipose tissue. 

Post-prandial serum levels of ketone bodies (2-3 h) 
were less remarkable in both types of diabetes. Al- 
though values were still greater than normal, detection 
of such low levels of ketone bodies (<  100 lzmol/1) re- 
quires a sensitive and accurate assay. Although it is best 
to determine total ketone bodies, 3-OHBA increases 
most in diabetic subjects, and this may be useful as a 
routine test. In addition, the 3-OHBA/AcAc ratio may 
reflect altered tissue redox potential and give some in- 
sight into deranged tissue metabolism. Further studies 
are necessary to elucidate the clinical implication of the 
increased 3-OHBA/AcAc ratio. 

Determination of ketone bodies, especially before 
breakfast, may serve as a metabolic marker of insulino- 
penia and subtle derangement of fatty acid and inter- 
mediary metabolism. 
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