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Summary Although plasma insulin and triglyceride 
concentrations are positively correlated in many 
studies, the relationships between insulin resistance, 
insulin secretion and hypertriglyceridaemia remain 
unclear. To study these associations, subjects be- 
tween the ages of 40 and 64 were randomly selected 
from a general practice register and invited to attend 
for a standard oral glucose tolerance test for mea- 
surement of insulin, triglyceride and non-esterified 
fatty acid concentrations. The study comprised 
1122 subjects who were not previously known to 
have diabetes and who completed the test. Using the 
World Health Organisation criteria, 51 subjects were 
classified to have non-insulin-dependent diabetes 
mellitus, 188 had impaired glucose tolerance and 883 
subjects had normal glucose tolerance. Triglyceride 
concentrations in subjects with glucose intolerance 
were elevated compared to those in control subjects, 
even after adjustment for age, obesity and gender 
(p < 0.001 for subjects with diabetes and p < 0.01 for 

those with impaired glucose tolerance compared to 
normal subjects). In separate multiple regression ana- 
lyses for males and females, the most important de- 
terminants of the plasma triglyceride concentration 
were the area under the non-esterified fatty acid sup- 
pression curve (p < 0.001 in both genders) and the 
waist-hip ratio (p < 0.001 for men and < 0.01 for wo- 
men). The fasting insulin concentration was indepen- 
dently associated with triglyceride concentration in 
women only (p < 0.01). The most important determi- 
nant of the area under the non-esterified fatty acid 
suppression curve in men was the 30-rain insulin in- 
crement, a measure of insulin secretion, (p < 0.001) 
whereas for women age (p < 0.001) and the body 
mass index (p < 0.01) were the most important. [Dia- 
betologia (1994) 37: 889-896] 
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The prevalence of ischaemic heart disease is in- 
creased 2-3 fold for subjects with diabetes mellitus 
[1, 2] and is the principal cause of morbidity and mor- 
tality for subjects with NIDDM [3, 4]. Prospective 
epidemiological studies have shown that hypertrigly- 
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ceridaemia, a common feature of diabetic dyslipid- 
aemia [5], is associated with increased cardiovascular 
risk [6]. It is also closely linked with insulin resis- 
tance and hyperinsulinaemia, and a cluster of other 
metabolic abnormalities (the insulin resistance syn- 
drome or syndrome X) [7]. Recently it has been 
shown that subjects with IGT [8, 9] or NIDDM [10- 
13] have a relative insulin deficiency (as determined 
by decreased 30-min insulin concentrations after an 
oral glucose challenge) compared to subjects with 
normal glucose tolerance. However, it is not known 
whether this relative deficiency is associated with hy- 
pertriglyceridaemia. 

Insulin and NEFA are important regulators of 
VLDL production both in vitro [14-17] and in vivo 
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Table 1. 
gender 

Baseline data by glucose intolerance category and 

Male subjects New diabetes IGT Normal 
(23) (75) (129) 

Age (years) 58.4 (5.8) f 56.7 (7.6) f 52.9 (8.2) 
BMf  (kg/m 2) 28.7 (4.3) f 27.2 (3.2) ~ 25.7 (3.3)" 
Waist-hip ratio 0.96 (0.05) cfh 0.92 (0.06) ce 0.90 (0.06) c 

Female subjects New diabetes IGT Normal 
(28) (112) (181) 

Age (years) 61.1 (5.0) fi 56.9 (7.1) ~ 52.6 (7.8) 
BMI (kg/m 2) 30.2 (5.1) f 28.2 (6.2) f 24.8 (4.0) 
Waist-hip ratio 0.81 (0.06) fg 0.78 (0.06) e 0.76 (0.05) 

Results are presented as mean (SD) 
Significance tests for comparisons of means 
Male vs female within glucose category "p < 0.05; bp < 0.01; 
c p < 0.001 
New diabetes or IGT vs normal within gender dp < 0.05; 
ep < 0.01; rp < 0.001 
New diabetes vs IGT within gender gp < 0.05; hp < 0.0i; 
ip < 0.001 

[18]. W h i l e  t h e r e  is a g r e e m e n t  t h a t  V L D L - t r i g l y c e r -  
ide  p r o d u c t i o n  is i n c r e a s e d  in N I D D M  [19-21]  t h e r e  
is d i s a g r e e m e n t  c o n c e r n i n g  t he  m e c h a n i s m .  T h e  
a ims  o f  this  s t u d y  w e r e  to  d e t e r m i n e ,  in sub jec t s  wi th  
b o t h  n o r m a l  and  a b n o r m a l  g lucose  t o l e r a n c e :  
1) w h e t h e r  d i f f e r ences  in N E F A  s u p p r e s s i o n  du r ing  
a s t a n d a r d  o ra l  g lucose  t o l e r a n c e  tes t  w e r e  associ-  
a t e d  wi th  c h a n g e s  in p l a s m a  t r ig lyce r ide  c o n c e n t r a -  
t ions, a n d  2) w h e t h e r  insul in  p a r a m e t e r s  p r e d i c t e d  
p l a s m a  N E F A  c o n c e n t r a t i o n s .  

Subjects, materials and methods 

The subjects described here were studied as part of the first 
phase of a prospective study into the aetiology and pathoge- 
nesis of NIDDM being carried out in Ely, Cambridgeshire, 
UK. The sampling frame was constructed from the local gen- 
eral practice register and a letter of invitation was sent to a 
random selection of patients not previously known to have 
diabetes, between the ages of 40 and 64 years. Local ethical 
committee approval was obtained and patients gave their in- 
formed consent to participate in the study. Of the 
1571 subjects invited 1156 (74%) participated in the study. 
After a 10-h fast, subjects underwent a clinical examination 
which included a dietary and medical questionnaire, anthro- 
pometric measurements and a standard 75-g oral glucose tol- 
erance test. Height, weight, waist and hip circumferences 
were measured without shoes and in light clothing. Waist cir- 
cumference was measured at the mid-point between the infe- 
rior border of the costal margin and the anterior superior iliac 
crest and hip circumference at the level of the greater trochan- 
ters. 

Subjects were given the equivalent of 75-g anhydrous glu- 
cose in 250 ml water and venous blood samples were collected 
at baseline, and at 30 and 120 min. Serum was immediately se- 
parated, kept on ice and stored at -70 ~ within 4 h. Plasma 
glucose was measured by a hexokinase method [22] and trigly- 
ceride measured using the R A  1000 (Bayer Diagnostics, 
Basingstoke, Hants., UK) with a standard enzymatic method. 
Plasma insulin was determined by two-site immunometric a s -  
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says with either lzsI or alkaline phosphatase labels [23, 24]. In- 
sulin concentrations were measured in baseline, 30-rain and 
120-min samples. A measure of insulin secretion was calculat- 
ed by dividing the difference between 30-min insulin and fast- 
ing insulin concentrations by the 30-min glucose concentra- 
tion (the 30-rain insulin increment). Plasma NEFA concentra- 
tions were determined enzymatically based on acyl-CoA syn- 
thetase activity (Boehringer Mannheim, Lewes, Sussex, UK). 
The resultant acyl-CoA is oxidised to yield hydrogen peroxide 
which is measured colorimetrically [25]. The assay had a be- 
tween assay coefficient of variation of 10 % at 0.40 mmol/1 
and 6 % between 1.2 and 2.3 mmol/1. NEFA concentrations 
were measured in baseline, 30-rain and 120-min samples. The 
area under the NEFA suppression curve was also included in 
the analysis as a measure of both the fasting concentration 
and the suppression of NEFAs during the oral glucose toler- 
ance test. This area was calculated as the area under the trape- 
zium described by the NEFA measurements at time 0, 30 and 
120 min (units h. retool/l). 

The World Health Organisation criteria [26] were used to 
identify subjects with diabetes (fasting plasma glu- 
cose > 7.8 mmol/1 or 2 h glucose > 11.1 mmol/1), IGT (2-h glu- 
cose between 7.8-11.1 mmol/1) and normal glucose tolerance 
(2-h glucose < 7.8 mmol/1) (subsequently referred to as con- 
trol subjects). Control subjects for this analysis represented a 
35 % sample of all subjects found to have normal glucose toler- 
ance and were selected by random stratified sampling on the 
basis of their triglyceride concentration. There were no statisti- 
cal differences in baseline characteristics of the control sub- 
jects in this analysis and the whole population of subjects with 
normal glucose tolerance. 

Statistical analysis 

The means of the baseline variables are presented in Tables 1 
and 2 stratified by gender and glucose tolerance category. Arith- 
metic means (SD) are presented where the underlying variable 
is normally distributed and geometric mean (and 95 % confi- 
dence interval) where the distribution of a variable is skewed. 
Comparison of means between gender within each glucose tol- 
erance category and between categories within each gender, 
was by the Z test. The adjusted means (Table 3) were calcula- 
ted using regression models separately for men and women, fit- 
ting each of the log transformed dependent variables with age, 
body mass index and waist-hip ratio in normal subjects. The 
mean residual was calculated in each category to give the 
amount by which the group mean should be corrected. 

Comparison of the corrected mean values of the diabetes 
group and the IGT group with the control subjects was by the 
Z test. Pearson correlation coefficients (Table 4) were derived 
to show the relationship between variables (log transformed 
where necessary) stratified by glucose category (with IGT and 
diabetes considered together) and gender. Finally multiple 
regression models were derived separately for males and 
females to explain triglyceride concentrations and the NEFA 
area. The following variables were entered into the triglycer- 
ide model; age, body mass index, waist-hip ratio, fasting insu- 
lin, the 30-min insulin increment and the NEFA area. The 
same variables (excluding NEFA area) were entered into the 
NEFA area model. For each variable in the final model the 
standardised fl coefficient and its significance are given (Ta- 
ble 5). The overall R 2 may be interpreted as the proportion of 
the overall variability in the dependent variable that is ex- 
plained by the model and is presented in an adjusted form to 
allow comparison between models that include different num- 
bers of explanatory variables. 
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Table 2. Biochemical data at 0,30 and 120 rain during an oral glucose tolerance test 
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Male subjects New diabetes IGT Normal 
(23) (75) (129) 

Insulin 0 (pmol/1) 69.4 (52.7-91.5) fg 47.9 (41.3-55.7) a 
Insulin 30 (pmol/1) 183 (140-240) d 226 (197-259) 
Insulin 120 (pmol/1) 321 (223-462) f 376 (325-436) r 
Insulin 30 increment 8.5 (5.6-13.0) a~ 19.1 (16.8-21.8) d 
NEFA 0 (mmol/1) 0.44 (0.37-0.52) f 0.41 (0.36-0.46) cf 
NEFA 30 (mmol/1) 0.41 (0.34-0.49) cf 0.40 (0.35~).46) a~ 
NEFA 120 (mmol/1) 0.06 (0.04-0.09) 0.07 (0.06-0.08) e 
NEFA Area (hr.mmol/1) 0.63 (0.30) bf 0.64 (0.30) ~r 
Triglyceride (mmol/l) 1.69 (1.36-2.11) 1.68 (1.49-1.89) e 

39.3 (36.4-41.3) 
245 (222-270) 
181 (161-204) 

24.1 (21.7-26.7) 
0.26 (0.24.0.30) 
0.23 (0.21-0.27) 
0.05 (0.04-0.06) 
0.43 (0.25) 
1.35 (1.23-1.49) ~ 

Female subjects New diabetes IGT Normal 
(28) (112) (181) 

Insulin 0 (pmol/1) 51.9 (41.7-64.7) ~ 46.5 (41.2-52.6) d 38.5 (35.9-41.3) 
Insulin 30 (pmol/1) 221 (187-262) 245 (223-269) 221 (205-239) 
Insulin 120 (pmol/1) 399 (336-475) f 340 (309-376) ~ 181 (168-196) 
Insulin 30 increment 14.6 (11.5-18.7) m 20.9 (18.9-23.0) 6 24.1 (22.1-26.2) 
NEFA 0 (mmol/1) 0.57 (0.48-0.68) f 0.61 (0.56-0.66) r 0.31 (0.28-0.34) 
NEFA 30 (mmol/1) 0.64 (0.54-0.74) fh 0.47 (0.43-0.51) r 0.23 (0.20-0.26) 
NEFA 120 (retool/l) 0.05 (0.04.0.07) 0.06 (0.06-0.07) ~ 0.04 (0.04-0.05) 
NEFA Area (hr.mmol/1) 0.90 (0.35) fg 0.75 (0.27) f 0.43 (0.26) 
Triglyceride (mmol/1) 1.94 (1.65-2.28) fh 1.41 (1.28-1.56) f 1.04 (0.96-1.13) 

Geometric mean and 95 % confidence interval for all variables except NEFA area which is expressed as mean (SD) 
Significance tests for comparisons of means 
Male vs female within glucose category ~p < 0.05, Up < 0.01, ~ < 0.001 
New diabetes or IGT vs normal within gender 6p < 0.05, ~p < 0.01, rp < 0.001 
New diabetes vs IGTwithin gender gp < 0.05, hp < 0.01, ip < 0.001 

Table 3. Biochemical data after adjustment for age, sex, body mass index and waist-hip ratio 

New diabetes IGT Normal 
(51) (187) (310) 

Insulin 0 (pmol/1) 49.9 (42.8-58.2) c 44.4 (41.0-48.0) b 38.9 (37.0--40.8) 
Insulin 30 (pmol/1) 134 (115-156) ~f 208 (193-234) a 237 (222-252) 
Insulin 120 (pmol/1) 241 (199-293) b 210 (194-227) u 181 (169-194) 
Insulin 30 increment 4.7 (4.1-5.5) ~ 15.5 (14.4-16.8) ~ 24.1 (22.5-25.8) 
NEFA 0 (mmol/1) 0.32 (0.28-0.37) 0.3t (0.29-0.33) 0.29 (0.27-0.31) 
NEFA 30 (mmol/1) 0.32 (0.28-0.36) b 0.27 (0.25-0.30) ~ 0.23 (0.21-0.25) 
NEFA 120 (mmol/1) 0.05 (0.04-0.06) 0.05 (0.04-0.05) 0.05 (0.04.0.05) 
NEFA area (hr.mmol/1) 0.90 (0.35) ca 0.75 (0.27) ~ 0.43 (0.26) 
Triglyceride (mmol/1) 1.56 (1.34-1.82) ~ 1.33 (1.24-1.43) u 1.16 (1.09-1.24) 

Geometric mean and 95 % confidence interval for all variables except NEFA area which is expressed as mean (SD) 
Significance tests for comparisons of means 
New diabetes or IGT vs normal ap < 0.05, bp < 0.01, Cp < 0.001 
New diabetes vs IGT ap < 0.05, ep < 0.01, fp < 0.001 

Results 

In this s tudy 51 subjects were  found  to have previous-  
ly und iagnosed  diabetes  and 188 had  IGT.  Comple t e  
da ta  is available on  all subjects with diabetes,  
187 subjects with I G T  and 310 cont ro l  subjects (Ta- 
ble 1). Subjects with I G T  and N I D D M  were  older  
and m o r e  obese  than  the cont ro l  subjects. In subjects 
with normal  glucose to le rance ,  geomet r ic  m e a n  plas- 
ma  t r iglycer ide concen t ra t ion  was significantly lower  
for  w o m e n  (1.04 mmol/1, 95 % conf idence  interval  
0.96-1.13 mmol/1) than  for  m e n  (1.35 mmol/1, 95 % 
conf idence  interval  1.23-1.49 mmol/1, p < 0.001). For  

subjects with N I D D M ,  however ,  the m e a n  triglycer- 
ide concen t ra t ion  was higher  in w o m e n  (1.94 mmol/1, 
95 % conf idence  interval  1.65-2.28 mmol/1) than  in 
m e n  (1.69 mmol/1, 95 % conf idence  interval  1.36- 
2.11 mmol/1) a l though the  d i f ference  was no t  statisti- 
cally significant. 

N E F A  area  was increased in subjects with N I D D M  
c o m p a r e d  to cont ro l  subjects (p < 0.001 b o th  sexes) al- 
though  the  increase in w o m e n  was greater .  In bo th  
sexes N E F A  area  levels in subjects with I G T  were  
higher  than  cont ro l  subjects (p < 0.001) and in w o m e n  
with I G T  the m e a n  area  was lower  than  for  female  
subjects with N I D D M  (p < 0.05) (Table 2). T h e r e  was 
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Table 4. Pearson correlation coefficients between variables in subjects with normal and abnormal glucose tolerance by gender 

Subjects with normal glucose tolerance 

Male subjects 

Age BMI WHR NEFA TG I-0 1-30 1-120 Insulin 
area increment 

Age 0.10 0.15 -0.03 -0.04 0.09 0.15 0.14 0.13 
BMI 0.10 0.61 ~ 0.09 0.38 ~ 0.47 c 0.39 c 0.27 b 0.33 c 
WHR 0.2& 0.28 c 0.08 0.41 ~ 0.39 ~ 0.33 c 0.28 b 0.26 b 
NEFA area 0.34 ~ 0.19" 0.13 0.3U -0.02 -0.14 0.06 -0.21" 
Triglyceride 0.32 ~ 0.26 ~ 0.37 ~ 0.27 ~ 0.3V 0.27 b 0.30 c 0.20 a 
Insulin 0 -0.04 0.4V 0.28 ~ 0.11 0.38 ~ 0.61 ~ 0.56 c 0.46 ~ 
Insulin 30 0.02 0.27 ~ 0.25 ~ 0.07 0.23 b 0.43 ~ 0.27 b 0.95 c 
Insulin 120 0.20 b 0.27 a 0.22 b 0.38 c 0.28 ~ 0.42 c 0.37 ~ 0.20 a 
Insulin increment -0.06 0.14 0.12 -0.04 0.11 0.21 b 0.92 ~ 0.20 b 

Female subjects 

Subjects with abnormal glucose tolerance 

Male subjects 

Age BMI WHR NEFA TG I-0 1-30 1-120 Insulin 
area increment 

Age 0.07 0.23 a -0.22 ~ 0.05 -0.03 -0.09 -0.05 -0.09 
BMI -0.07 0.46 c -0.02 0.12 0.57 c 0.38 c 0.38 c 0.22 a 
WHR 0.15 0.44 ~ -0.08 0.28 b 0.46 c 0.23 ~ 0.37 c 0.06 
NEFA area 0.22 ~ 0.00 0.07 0.12 -0.01 ~0.08 0.12 -0.13 
Triglycer ide  0.23 b 0.35 c 0.3& 0.26 b 0.21 a -0.01 0.33 c -0.09 
Insulin 0 -0.13 0.63 ~ 0.40 ~ -0.05 0.38 ~ 0.66 ~ 0.71 ~ 0.31 ~ 
Insulin 30 -0.09 0.48 ~ 0.27 u -0.08 0.30 ~ 0.7Y 0.66 ~ 0.86 ~ 
Insulin 120 -0.07 0.44 ~ 0.36 ~ 0.11 0.35 ~ 0.68 ~ 0.64 ~ 0.56 ~ 
Insulin increment -0.15 0.24 b 0.07 -0.15 0.13 0.37 0.87 0.43 

Female subjects 

Significance levels: ~p < 0.05, bp < 0.01, Cp < 0.001 
All variables normalised by logarithmic transformation except age, body mass index (BMI), waist-hip ratio (WHR) and NEFA 
area. 
TG, Triglyceride 

Table 5. Multiple regression models for NEFA area and triglyceride in male and female subjects 

NEFA area as the dependent variable 

Age BMI WHR Insulin 0 Insulin increment Adjusted R 2 

Males -0.04 0.10 0.03 0.10 -0.29 c 0.07 
Females 0.35 ~ 0.21 b 0.02 0.00 -0.09 0.20 

Triglyceride as the dependent variable 

Age BMI WHR Insulin 0 Insulin increment NEFA area Adjusted R 2 

Males -0.08 0.07 0.31 c 0.02 -0.05 0.24 c 0.18 
F e m a l e s  0.17 b 0.09 0.18 b 0.17 a 0.01 0.21 c 0.25 

Significance of standardised fi coefficient ap < 0.05, b p < 0.01, Cp < 0.001 
Results are standardised/3 coefficient and significance, and adjusted R 2 for each model 
WHR, Waist-hip ratio; BMI, body mass index 

a s i gn i f i can t  e l e v a t i o n  of  N E F A  a r e a  in  w o m e n  c o m -  
p a r e d  to  m e n  b o t h  for  sub jec t s  wi th  N I D D M  
(p < 0.01) a n d  I G T  (p < 0.05). G e o m e t r i c  m e a n  fast-  
i ng  a n d  2-h  i n s u l i n  c o n c e n t r a t i o n s  w e r e  i n c r e a s e d  for  
m e n  a n d  for  w o m e n  wi th  I G T a n d  N I D D M  c o m p a r e d  
to  c o n t r o l  subjects .  T h e  3 0 - m i n  i n s u l i n  c o n c e n t r a t i o n s  
w e r e  l o w e r  o n l y  for  m e n  wi th  N I D D M  c o m p a r e d  to  
c o n t r o l  sub j ec t s  (p < 0.05). T h e  3 0 - m i n  i n s u l i n  i nc re -  

m e n t  in  sub jec t s  w i th  N I D D M  was s ign i f i can t ly  l o w e r  
t h a n  for  c o n t r o l  sub jec t s  (p < 0.001 b o t h  sexes)  a n d  
also l o w e r  t h a n  for  sub jec t s  w i th  I G T  (p < 0.001 in  
m a l e s  a n d  p < 0.01 in  f ema le s ) .  I n  sub jec t s  w i th  I G T  
this  m e a s u r e  was  l o w e r  t h a n  t h a t  i n  c o n t r o l  sub jec t s  
(p < 0.05 b o t h  sexes) .  

A f t e r  a d j u s t m e n t  for  age, sex, b o d y  m a s s  i n d e x  
a n d  the  wa i s t -h ip  ra t io ,  3 0 - m i n  i n s u l i n  c o n c e n t r a -  



C. D. Byrne et al.: Hypertriglyceridaemia and glucose tolerance 

tions were lower for subjects with IGT and NIDDM 
compared to control subjects (IGT vs normal sub- 
jects, p<0.05;  NIDDM vs normal subjects, 
p < 0.001). Fasting and 120-min insulin concentra- 
tions were increased in subjects with NIDDM and 
IGT compared to normal subjects (Table 3). The 30- 
min insulin increment was significantly lower in sub- 
jects with NIDDM and IGT than control subjects. 
NEFA area increased as glucose tolerance deteriora- 
ted (IGT and NIDDM vs control subjects, p < 0.001) 
and triglyceride concentrations also increased with 
deteriorating glucose tolerance (IGT vs control sub- 
jects, p<0 .01  and NIDDM vs control subjects, 
p < 0.001). 

Table 4 shows the Pearson correlation coefficients 
between anthropometric and metabolic variables, 
log transformed where necessary, and stratified by 
gender and glucose tolerance category. For these 
analyses subjects with IGT and NIDDM were com- 
bined into one group of subjects with abnormal glu- 
cose tolerance. There was a correlation between 
NEFA area and triglyceride concentration for sub- 
jects of either sex with normal glucose tolerance 
(both sexes p < 0.001) and abnormal glucose toler- 
ance (male p > 0.05 and female p < 0.01). The waist- 
hip ratio was significantly positively correlated with 
plasma triglyceride for subjects with normal (both 
sexes p<0.001)  or abnormal glucose tolerance 
(males p < 0.01, females p < 0.001). In all subjects 
fasting insulin concentrations were significantly asso- 
ciated with triglyceride concentrations. 

In the multiple regression models (Table 5) the 30- 
rain insulin increment had a strong negative indepen- 
dent association with NEFA area in men (p < 0.001). 
In women, although the direction of the association 
between the 30-min insulin increment and NEFA 
area was the same (standardised fi coefficient 
- 0.09), this did not reach statistical significance. For 
women, age (p < 0.001) and the body mass index 
(p < 0.01) had the strongest association with NEFA 
area. The fasting insulin concentration was not inde- 
pendently associated with NEFA area in either sex. 

The waist-hip ratio and NEFA area both had a 
strong positive independent association with trigly- 
ceride concentration in male and female subjects. 
Age and the fasting insulin concentration were inde- 
pendently associated with triglyceride concentration 
in women only. 

Discussion 

The results of this study show that the NEFA area 
was increased in subjects with abnormal glucose tol- 
erance, and that the NEFA area and the waist-hip ra- 
tio had the strongest independent associations with 
plasma triglyceride concentrations in subjects with ei- 
ther normal or abnormal glucose tolerance. In vivo, 
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plasma NEFA concentrations are largely determined 
by the action of insulin to suppress adipocyte lipoly- 
sis, and in the physiological state insulin suppresses 
hormone sensitive lipase [27, 28] and promotes re-es- 
terification of NEFA [29]. Plasma NEFA concentra- 
tions may be important determinants of plasma tri- 
glyceride concentrations since the rate of supply of 
NEFA to the liver is a major factor controlling hepat- 
ic triglyceride secretion [16, 30]. Furthermore, hepat- 
ic triglyceride synthesis is controlled by the availabil- 
ity of NEFA substrate and by the coordinate regula- 
tion of the activities of phosphatidate phosphohydro- 
lase and diacylglycerol acyltransferase. Both of these 
enzymes are stimulated by NEFA [31, 32] and it has 
been shown that phosphatidate phosphohydrolase 
activity is increased in diabetes [33]. Consequently 
failure to adequately suppress NEFA release into 
the plasma could have important consequences for 
VLDL production and plasma triglyceride concen- 
tration. 

Although insulin is an important factor in the sup- 
pression of NEFA release from adipocytes, it is un- 
certain whether NEFA suppression is affected by in- 
sulin resistance, hyperinsulinaemia or altered insulin 
secretion (or a combination). It was our intention to 
determine whether any of the insulin parameters use- 
fully predicted plasma NEFA concentrations. Laakso 
[34] showed that in subjects with normal and abnor- 
mal glucose tolerance, fasting insulin concentration 
was the best marker of insulin resistance as deter- 
mined by whole body glucose uptake using the eugly- 
caemic hyperinsulinaemic clamp technique. The 120- 
rain insulin concentrations during the oral glucose 
tolerance test were a reliable marker of insulin resis- 
tance for subjects with normal glucose tolerance but 
not for subjects with abnormal glucose tolerance. It 
was for this reason that we included the fasting insu- 
lin concentration as the measure of insulin resistance 
in the multiple regression models and excluded the 
120-rain insulin. In recent studies the 30-rain insulin 
concentration during the oral glucose tolerance test 
has been shown to be a good marker of insulin secre- 
tion as determined by 3-min insulin concentrations 
during an intravenous glucose tolerance test [35]. 
The 30-rain insulin increment, as defined in this pa- 
per is superior to the 30-min insulin concentration as 
an index of insulin secretion (D. I. W. Phillips - perso- 
nal communication) and was therefore included in 
the multiple regression models as the best available 
measure of insulin secretion in an oral glucose toler- 
ance test. 

The results from this study showed that in men 
with normal glucose tolerance, the NEFA area was 
negatively correlated with the 30-min insulin incre- 
ment, but not with either fasting or 120-min insulin. 
In women there was also a negative, but weaker and 
not statistically significant, correlation between the 
30-min insulin increment and the NEFA area. There 
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was a stronger correlation in women than in men be- 
tween 120-rain insulin concentration and NEFA 
area. This result suggests that there are gender differ- 
ences between the relative importance of insulin se- 
cretion and insulin resistance and their effects on 
NEFA suppression. For subjects with abnormal glu- 
cose tolerance the direction of each of these correla- 
tions was the same but none of the correlations were 
statistically significant, which may be attributed to 
the smaller number of subjects in this group. 

As there were apparent gender differences in fac- 
tors determining NEFA suppression, the multiple re- 
gression models for NEFA area and triglyceride con- 
centrations were analysed separately by gender. Sub- 
jects with normal and abnormal glucose tolerance 
were grouped together as the Pearson correlation 
coefficients showed that relationships were generally 
in the same direction within and between glucose tol- 
erance groups and therefore it was unlikely that false 
associations would be observed by studying glucose 
tolerance categories together. There was a strong ne- 
gative independent association between the 30-rain 
insulin to glucose ratio and NEFA area in men and a 
weaker negative association in women. The fasting 
insulin concentration was not independently associ- 
ated with NEFA area for either sex. Together these 
results suggest that insulin secretion is an important 
factor determining plasma NEFA concentrations, 
particularly for men, whereas insulin resistance was 
an important factor determining plasma NEFA con- 
centrations only for women with normal glucose tol- 
erance. 

The data show a strong positive correlation be- 
tween fasting insulin and plasma triglyceride concen- 
trations in all subjects, which concurs with the find- 
ings of other studies [36-38]. This observation has 
been taken to imply that either hyperinsulinaemia or 
insulin resistance (or both) are causative in raising 
plasma triglyceride concentrations. However, in this 
study, when the effects of other covariates are taken 
into account, the association between fasting insulin 
and triglyceride is only weakly significant and is re- 
stricted to women. This finding, together with the 
knowledge that hyperinsulinaemia in subjects with 
insulinomas is not associated with hypertriglycerid- 
aemia [39], suggests that it is unlikely that hyperinsu- 
linaemia per se is responsible for causing hypertrigly- 
ceridaemia [40]. 

Lipoprotein lipase is an insulin-dependent enzyme 
the activity of which is decreased in obesity [41] and 
NIDDM [42, 43], but which may be increased by im- 
proved metabolic control [44-46]. Activity of this en- 
zyme is important in the clearance of postprandial tri- 
glyceride-rich lipoproteins from the circulation and 
reduced hepatic uptake or reduced clearance of tri- 
glyceride-rich lipoproteins may contribute to hyper- 
triglyceridaemia in subjects with abnormal glucose 
tolerance [43]. The association in this study between 
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fasting plasma insulin and plasma triglyceride con- 
centrations (in women only) may be a consequence 
of insulin resistance with decreased lipoprotein li- 
pase activity. All the subjects in this study were fast- 
ing and the consequence of impaired lipoprotein li- 
pase activity on clearance of triglyceride-rich lipopro- 
teins may be more important in the postprandial 
state. 

Previous studies have demonstrated a strong asso- 
ciation between intra-abdominal fat and the waist- 
hip ratio [47]. Therefore, the observed association be- 
tween the waist-hip ratio and triglyceride may be in- 
dicative of an underlying relationship between intra- 
abdominal fat deposition and triglyceride concentra- 
tion. The finding that intra-abdominal adipocytes 
have a higher sensitivity to the stimulation of lipid 
mobilisation processes, and that the anti-lipolytic ef- 
fect of insulin on these cells is less than on the subcu- 
taneous adipocytes [48], may provide a biologically 
plausible explanation for these observations. 

For subjects with normal glucose tolerance, mean 
plasma triglyceride concentrations were lower for 
women than for men which may partially account 
for the lower risk of ischaemic heart disease for wo- 
men than for men with normal glucose tolerance. 
Elevated plasma triglyceride concentrations are asso- 
ciated with small dense LDL particles, decreased 
plasma HDL levels and increased cardiovascular 
risk. The waist-hip ratio was lower for women than 
for men, but insulin and fasting NEFA concentra- 
tions were similar for both sexes. Recently it has 
been suggested that, for subjects with normal glu- 
cose tolerance, suppression of NEFA was greater for 
women than for men during an oral glucose toler- 
ance test [49]. In contrast, our data indicate that for 
subjects with normal glucose tolerance the impact of 
gender on NEFA is small but that gender differences 
become marked as glucose tolerance deteriorates. In 
parallel with the increased NEFA area there was a 
more marked increase in plasma triglyceride for wo- 
men than for men with abnormal glucose tolerance. 
This effect may contribute to the higher relative car- 
diovascular risk observed in women compared to 
men with NIDDM [50, 51]. 

In conclusion, these results show that increased 
NEFA concentrations are an important determinant 
of triglyceride concentrations. Increasing obesity and 
age (for women) and deteriorating insulin secretion 
(for men and women) act to increase plasma NEFA 
concentration. The waist-hip ratio is not associated 
with plasma NEFA concentrations and would ap- 
pear to affect triglyceride concentration through a 
different mechanism. We suggest that increased plas- 
ma NEFAs are an important factor contributing to 
hypertriglyceridaemia and may be associated with 
the increased cardiovascular risk for subjects with ab- 
normal glucose tolerance. Furthermore, the marked 
increase in plasma NEFA and plasma triglyceride 
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concen t ra t ions  for  w o m e n  with  N I D D M  m a y  par t ly  
expla in  why N I D D M  is a s t ronger  ca rd iovascu la r  
r isk fac tor  in w o m e n  than  in men .  
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