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Summary 

Plasma lipid profiles — total cholesterol 
(TC), LDL-choIesterol. I IDL-cholesterol, tri-
glycerides and phospholipids — were studied 
in relation to two parameters of diabetic 
control (fasting blood sugar (FBS) for short-
term control and glycosylated haemoglobin 
( I IBA|C) for long-term control) in 46 diabetic 
patients (22 insulin-dependent (1DDM) and 24 
non-insulin dependent ( N I D D M ) ) and 22 non-
diabetic control subjects. We confirmed the 
positive correlation between FBS and H B A | C . 

/ /Al l diabetic patients had significantly higher 
triglyceride levels (P < 0.05) than controls, 
which were not influenced by degree of 
glycaemic c o n t r o l ^ N I D D M patients tended to 
have higher than normal T C levels (P < 0.05). 
In I D D M . T C level was positively correlated 
with I I B A , C (r = 0.37, P < 0.05). and negative 
correlations were established between FBS and 
I IDL-cholesterol (r = - 0 . 4 6 , P < 0.02) and the 
HDL-cholesterol : T C ratio (r = - 0 . 4 9 , P < 
0.01), suggesting an increased atherogenic risk 
with poorer diabetic control. 

It is concluded that lipoprotein abnormalities 
exist in Nigerian diabetics, though not as 
consistently as in Caucasians. The differences 
may be due to . among other factors, differences 
in genetic make-up, diet (typical African diet 
being rich in plaTft fibre and poor in cholestero-
genic nutrients) and aetiolotiM-of-Xlie-diabetic 
state (tropical diabetes being highly hetero-
geneous and now thought to be linked to 
malnutrition). 

Resume 

Une etude des profits en lipides du plasma 
— cholesterol total, cholesterol-LDL, trigly-

'To whom correspondence should be addressed. 

ccrides et phospholipides — a etc effectuee sur 
22 diabetiques insulinodlpendants (11 femmes 
et 11 homines). 24 diabetiques non insulino-
dependants (12 femmes et 12 homines) et 22 
non-diabetiques (11 femmes et 11 homines) , 
en liaison avec deux param&trcs de controle 
diabetique (taux de sucre dans le sang pris 
a jeun pour le controle £i court te rmc el 
hemoglobine glycosylatee pour le contr6le 
a long terme). La correlation positive cntre 
les deux parametres de controle a ett con 
f irmee. Tons les diabetiques presentment dt-s 
taux significativemenl plus elevos en tn^ly-
cerides, non influences par le degre dc contiolc 
glycemique. Les malades non traitcs a rniMilme 
tendaient a avoir des taux d t cholesterol 
total plus eleves que la normale . Chez ceux 
trait^s h Tinsuline, les taux de cholesterol total 
s'elevaient avec raugmenta t ion de r h e m o -
globine glycosylatee; de plus, chez cettc cat-
egoric de diabetiques, une correlation negative 
ment significative apparait entre les valeurs du 
taux de sucre dans le sang a jeun et cellcs du 
choIesterol-HDL, ainsi qu 'avec le rapport 
cholesterol-HDL'.choIesterol total suggerant 
ainsi un risque atherogenique accru en raisen 
d 'une plus grande insuffisance du controle 
diabet ique. 

On en conclut que des anomal ies en 
lipoproteines existent chez les diabetiques 
nigerians, bien que d 'une maniere moins con-
sistante que chez les individus d 'origine cauca-
sienne. Ceci peut etre du . entre autres facteurs, 
a des differences dans le patr imeine genet ique, 
au regime alimentaire (le regime typique 
africain etant riche en fibres vegetales et pauvre 
en substances nutritives cholesterogeniques) et 
a Petiologie de Petal diabet ique (le diabete 
tropical etant grandement he terogene , et lie, 
comme on le pense actuel lement, b la mal-
nutrit ion). 
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Introduction 

Probably the most impor tant long-term risk to 
the diabetic pat ient is vascular disease. T h e r e is 
overwhelming evidence in t empera t e countr ies 
that this excess risk is related to numerous lipid 
and l ipoprotein abnormali t ies in diabetes , 
and that such abnormal i t ies are even worse 
the poorer the degree of diabetic control . 
In tropical Afr ican developing countries like 
Nigeria , with increasingly available care for 
the acute hyper- and hypoglycaemic diabetic 
emergencies , ensuring longer life for diabetics, 
it is clear that such patients would be subject to 
this increased risk. 

Although it is now recognized that diabetes 
in the tropics is he terogenous with a significant 
percentage being type III (malnutri t ion-
related) [1], it is noted that a full characteriza-
tion of this group of diabetics is still lacking. 
Moreover , the few studies available |2 ,3 | have 
not examined lipid levels in cither a cross-
sectional or longitudinal fashion, or related 
these to a therothrombot ic vascular risk. Such a 
study is crucial, especially in view of the 
empirical observations of reduced prevalence of 
vascular disease in diabetic and non-diabetic 
Africans compared to Caucasians 14,5). This 
study a t tempts to address some of these issues. 

Patients and methods 

Patient characteristics 

All diabetic subjects for this study at tended the 
routine diabetic clinic at the University College 
Hospital, Ibadan between 1981 and 1984. The 
non-diabetic control subjects were low income 
hospital workers matched as much as possible 
for age, socio-economic status and sex with the 
diabetics. All hypertensive subjects (BP > 150/ 
90 m m l l g ) were excluded from the study. 
Alcohol intake was minimal and in most cases 
restricted only to social occasions and none of 
them smoked . None of the subjects was on 
lipid-altering drugs including salicylates and 
oral contraceptive agents. T h e diabetic subjects 
were treated with insulin (insulin dependent , 
I D D M ) or oral sulphonylureas or metformin 
(non-insulin dependen t . N I D D M ) . Both forms 
of t reatment were supplemented by dietary 
measures with varying degrees of compliance. 
All the diabetics were clinically stable and 

ambulan t , with no clinically demonstrable 
re t inopathy (on ophtha lmoscopy) , nephropathy 
(ur inary a lbumin, serum creat inine) , or macro-
angiopathy (pedal pulses, E C G changes and 
absence of foot ulcers) . All the subjects were 
s tudied a f te r overnight fasting and the diabetic 
pat ients omit ted their usual morning anti-
diabetic drug. 

Specimen collection 

Fasting blood samples were ob ta ined on each 
occasion f rom an antecubital vein without 
venostasis and collected into f luoride oxalate 
bot t les for blood sugar analysis (Teklab, ML 
brand , D u r h a m , U . K . ) and heparinised tubes 
for glycosylated haemoglobin analysis 
( H B A , C ) . Glucose assays were carr ied out on 
the same day while measu remen t s of glyco-
sylated haemoglobin and p lasma lipids were 
done within 1 m o n t h of sample collection. For 
plasma lipids 6 ml of blood were collected into 
bott les containing N a 2 E D T A (1 mg/ml) , gently 
mixed and then placed on ice. Plasma was 
separa ted at 4°C within 1 h of collection. 
Separat ion of H D L f rom o the r l ipoprote ins was 
achieved by a precipi tat ion me thod [6] using 
hepar inmanganese chloride. T h e supernatant 
containing H D L was p ipet ted out and s tored, as 
well as the remaining p lasma, at —20°C until 
analysis. 

A nalytical determinations 

Fasting blood sugar (FBS) was measured by 
the glucose oxidase method using 4-amino-
phennzone as oxygen acceptor [7] and H B A , C 
de te rmined by a color imetr ic me thod [8| with 
results expressed as f ructose equivalents. 
Plasma triglyceride ( T G ) was measured by 
the method of Got t f r i ed and Rosenberg [9|, 
total cholesterol (TC) and H D L cholesterol 
( H D L - C ) by a colour reaction described by 
Searcy and Berquist (10) and phospholipids by 
the me thod of King and Wooton [ 11 j. For each 
assay, a commercial quality control (Well-
control , Wellcome Reagents Ltd , Dar t ford , 
U . K . ) and a pooled plasma sample of known 
value were always included. 

T h e LDL-cholesterol ( L D L - C ) was derived 
f rom the following equat ion (12]: 

LDL-C = T C - ( H D L - C + ~ y ) 

DIG
ITIZED BY E-LA

TUNDE O
DEKU LI

BRARY C
OLL

EGE O
F M

EDIC
IN

E, U
I



Lipids and diabetic control 231 

Statistical methods 

Results are p resen ted as means ± s . e .m . 
Compar i son be tween g roups was pe r fo rmed 
using S tuden t ' s /-test for unpa i red da ta and 
Pearson 's cor re la t ion coeff ic ients . These stat-
istical calculat ions were d o n e on a microcom-
puter using the O X S T A T statistical package. 
T h e null hypothes is was re jec ted wheneve r 
P < 0.05. 

Results 

Patient characteristics 

Table I shows that the subjec ts with N I D D M 
were, as expec ted , older (P < 0.05) and had 
greater body mass indices (P < 0.05) than those 
with I D D M . They also had lower FBS and 
H B A , C values , p robably reflecting the milder 
degree of thei r d iabetes . Dura t ion of d iabe tes 
was similarly shor te r ( / ' < 0.05) in the N I D D M 
group. T h e r e were significant positive correla-
tions in non-diabet ic subjec ts be tween age and 
levels of total choles terol (/• = 0.53. P < 0.005). 
HDL-choles terol (r = 0.48. P < 0.02) and 
triglycerides (r = 0 .54. P < 0.01). In I D D M . 
body mass index corre la ted positively with 
levels of HDL-cho les te ro l (r = 0 .39. P < 0.05) 

and phosphol ipids (r = 0 .43 . P < 0 .03) , and 
LDL-choles tcrol levels increased with increas-
ing dura t ion of d iabe tes (r = 0.46, P < 0.02). 
No significant correla t ions be tween these para-
meters were established in N I D D M . 

Lipid profiles in different groups: relationship to 
glycaernic control 

Fasting blood sugar and H B A | C cor re la ted 
positively as expec ted ; the re la t ionship is de-
scribed by the regression equa t ion : 

I I B A , C = 111.6 + 3.6 FBS 
(n = 29, r = 0 .43, P < 0 .01) . 

Tab le 2 shows that total cholesterol levels in the 
diabetic subjects were higher than in the non-
diabetic subjects , a l though that d i f f e rence was 
significant only in I D D M (P < 0.05). Fasting 
triglyceride levels were higher in d iabe tes , 
whether I D D M or N I D D M (P < 0 .05) . In 
I D D M , FBS correla ted negatively with H D L -
cholesterol (r = - 0 . 6 . P < 0.02) and the H D L -
cholesterol: total cholesterol rat io (r = - 0 49. 
P < 0.02), while H B A j C and total choles terol 
correlated positively (r = 0.37. P < 0.05). In 
N I D D M , a weak re la t ionship was es tabl ished 
between FBS and fasting phosphol ip ids (r = 
0.38, P < 0.05). 

Tabic I. Clinical characteristics, duration of diabetes and blood glucose and glycosylated haemoglobin 
levels in the subjects 

Physical 
and 
biochemical 
parameters 

All diabetics Non-diabetic 
IDDM NIDDM (IDDM + NIDDM) controls 

(n = 22. F = 11) (n = 24. F = 12) (n = 46. F = 23) (n = 22, F = I I ) 

Age (years) 

Body mass index 
(kg/m2) 

Duration of 
diabetes (years) 

HBA.C 
(nmol/l fructose) 

FBS (mmol/l) 

42.6 ± 3.6 

21.7 ± 0.8 

5 . 6 + 1.3 

195 ±11 .0* 

17.4 ± 1.71 

51.2 ± 2 . 3 ' t 

24.6 ± 0.7* 

2.7 ± 0.5t 

156.8 ± 1 1 . r t 

9.9 ± 1.2 

46.9 ± 2.9" 

23.1 ± 0.7 

176.5 ± 11.0' 

13.7 ± 1.4 

36.5 ± 3.1 

22.2 ± 1.0 

85.2 ± 4.1 

4.1 ± 0.1 

'P < 0.05 compared to non-diabetic subjects, 
t P < 0.05 compared to IDDM. 
F = female. 
All values are means ± standard error of the mean. 
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f a s t i ng blood Sugor (mM) 

Fiji. 1. Correlation between fasting blood sugar and 
glycosylated haemoglobin in normal and diabetic 
patients. ( • ) Indicates two or more coincident points. 
The line of best fit is shown. 

Discussion 
The finding of a positive correlat ion of age with 
total LDL-choles terol and plasma triglyceride 
in non-diabet ics but not in diabetics would 
probably explain the observat ion of the age-
related susceptibili ty to a therosclerot ic vascular 
disease in normal sub jec t s and the lack of 
such in diabet ics . T h e susceptibility to vascular 
disease in diabet ics appea r s to be related more 
to the dura t ion of their disease 113,14). This 
t rend is con f i rmed in this s tudy, since in I D D M . 
LDL-choles te ro l levels increased with increas-
ing diabet ic du ra t ion . As I D D M pat ients tend 
to be underweight genera l ly , a relat ionship 
of body mass index with MDL-cholesterol 
( thought to be an t i -a therogenic) may suggest 
that within limits increasing weight in this group 
of diabetics , itself an index of good glycaemic 
cont ro l , may protect against a therogenes is . 
Tha t N I D D M pat ients t end to have higher total 
cholesterol levels than non-d iabe t ics is hardly 
surprising, and may not be age - re l a t ed , in view 
of the earl ier demons t r a t i on of a lack of 
correlat ion of total choles terol levels with age in 
this subg roup of diabet ics . Similarly, the finding 
of e levated p lasma tr iglyceride levels in all 

Table 2. Plasma lipid levels in diabetic and control groups 

AH diabetics 
IDDM NIDDM (IDDM + NIDDM) Control 

Plasma lipids (/i = 22, F = 11) (n = 24, F = 12) (/> = 46, F = 23) (n = 22. F = 11) 

HDL-choIcstcrol 

Total cholesterol 

Total cholesterol 
(mmol/l) 4.3 ± 0.3 4.3 ± 0.2* 4.3 ± 0.3 3.8 ± 0.2 
HDL-cholcsterol 
(mmol/l) 1.3 ± 0 . 1 1.4 ± 0.1 1.3 ± 0 . 1 1.3 ± 0.1 
LDL-cholesterol 
(mmol/l) 2.2 ± 0 . 1 2.2 ± 0.2 2.2 ± 0.2 2.3 ± 0.1 

0.32 ± 0.02 0.34 ± 0.02 0.33 ± 0.02 0.34 ± 0.01 

Triglycerides 
(mmol/l) 1.2 ± 0.2* 1.5 ± 0 . 3 ' 1.3 ± 0 . 2 " 0.7 ± 0.1 

Phospholipids 
(g/|) 1.9 ± 0 . 1 1.9 ± 0 . 2 1.9 ± 0 . 2 1.6 ± 0 . 1 

*P < 0.05; **P < 0.02, compared to control group. 
F — female. 
All values arc means ± standard error of the mean. 
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diabetic g roups is cxpcc tcd : the fai lure of such 
elevated levels to fall following improved gly-
caemic cont ro l , howeve r , is surprising, and 
appears cont rary to f indings in Caucas ian 
diabetics. 

O n e explana t ion for this may be that in 
Nigerian diabet ics , whose diet is usually non-
cholcsterogenic and mainly vegetable- f ibre 
based, the m a j o r c o m p o n e n t of circulating 
plasma tr iglyceride is der ived f rom hepa t ic 
processing of very low densi ty l ipoprote ins 
( V L D L ) ra the r than al imcntar i ly processed 
prandial chylomicrons . T h i s post -prandia l chy-
lomicron t ide is m o r e easily c leared by the 
cndothcl ial- l ining based insulin-sensitive lipo-
protein lipase t han V L D L . 

O u r f indings suggest t ha t , at least in I D D M . 
worsening cont ro l ( F B S and I I B A , C levels) 
results in reduc t ion of levels of HDL-cho l -
esterol and ra t io of I IDL-cholcs tcrol : to ta l 
cholesterol . T h u s , o n e may specula te that in 
this class of d iabet ics p o o r control means 
increased vascular risk. T h e s e observa t ions 
were not m a d e in N I D D M , p robab ly suggesting 
that I D D M a n d N I D D M are d i f f e ren t facets of 
a he t e rogeneous d iabe t ic s ta te . Al ternat ive ly , 
since N I D D M is usually associated with insulin 
resistance and hyper - insu l inaemia . processing 
of plasma lipids is d i f fe ren t . It also raises the 
quest ion of w h e t h e r , in N I D D M . risk of angio-
pathy is almost invar iable , d e p e n d i n g m o r e on 
the presence of a 'd iabet ic ' s ta te ra ther than 
on how adequa te ly the diabet ic s ta te is bio-
chemically cont ro l led . 

There a re very few c o m p a r a b l e s tudies in 
African diabet ics . Recen t ly , A d u b a et al. |2) 
reported that HDL-cho les t e ro l a n d total chol-
esterol levels were h igher in Nigerian diabet ics 
compared to non-diabet ic subjec ts . H o w e v e r , 
these workers failed to relate lipid levels to 
glycaemic control . Howeve r , in Caucas ians 
numerous studies in juveni le onset diabetics 
115-18| and N I D D M 119,20) d e m o n s t r a t e 
a significant positive corre la t ion be tween 
worsening control and plasma levels of these 
atherogenic lipids, i .e. whilst in Caucas ians 
plasma lipid profi les may be associated with 
atherosclerotic risk, such a conclusion is diffi-
cult to reach in Nigerians. 

The reasons for this a re probably mani fo ld . 
One is the need to thoroughly re-classify m a n y 
cases of diabetes seen in tropical deve loping 
countries, as there is now some evidence that 

aet iology in many cases is malnutr i t ion-re la ted 
111. Also , the tradit ional Afr ican d ie t , rich in 
vegetable f ibre and relatively poor in sa tura ted 
fat may prevent excessively high circulating 
lipid levels. However , the g roup we s tudied is 
homogenous in relation to soc io-economic 
s ta tus and hence the role of diet in the obse rved 
d i f ferences may be minimal . Similarly, the re is 
no sex bias , as our earl ier work ( A k a n j i and 
A g b e d a n a , unpubl ished observa t ions) has in-
dicated that in this g roup of pa t ients t he re is no 
sex-related d i f ference in lipid profi les , especi-
ally when none of the women was on oral 
contracept ive therapy. O t h e r sources of dif-
ferences may be inherent genet ic metabol ic 
d i f fe rences , longer dura t ion of d iabe tes (usu-
ally) in Caucasians, and greater n u m b e r s of 
Caucas ian diabet ic g roups s tudied. 

We therefore conclude that lipid abnormal i -
ties exist in Nigerian diabetics but a r e not as 
consis tent , especially in relation to glycaemic 
cont ro l , as levels in Caucasians [21). Genera l ly , 
worsening glycaemic control means a worsening 
plasma lipid pa t te rn . Why di f ferences exist in 
these two geographical groups of d iabet ics is 
not known but may be related to d i f fe rences in 
the nature of the diabetic s ta te , d i r t , genet ic 
factors and durat ion of the diseas« . 
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