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An epidemiologic study was conducted to assess serum levels o f  retinol, carotenoids, vitamin E, and 
their associations with cholesterol in an indigenous African population. The study population consisted 
o f  l l6 black Nigerian women representing a response rate o f  74%. The ages ranged f rom 17-32 years 
with a mean age o f  22.6 years. The beta-carotene, total carotenoids, alpha-tocopherol, and cholesterol 
levels for  the Nigerian women were 3.93 t~mol/L, 7.03 t~mol/L, 18.78 ~mol/L,  and 4.01 mmol/L,  
respectively. The beta-carotene levels o f  the Nigerian women ranged from 1.2-13 times greater than 
the United States population, and the total carotenoid levels were 2.5 times greater in the Nigerians 
compared with the United States population. On the contrary, the cholesterol levels o f  the Nigerians 
ranged from 5%-24% lower than similarly aged United States popldations. Significant positive associ- 
ations were observed between cholesterol and the following: 1) beta-carotene (r = 0.31, P < 0.001); 
2) total carotenoids (r = 0.43, P < 0.001); and alpha-tocopherol (r = 0.72, P < 0.001). The findings 
suggest that dietary intake may not be the key factor in the vitamin A-cholesterol relationship, because 
this relationship has been observed in populations with significantly lower vitamin A and higher 
saturated fa t  intake. 
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Introduction 

In recent  years  the interest  in vitamin A status has 
increased considerably because of the epidemiologic 
evidence linking intake of  vitamin A, both preformed 
vitamin A and provi tamin A carotcnoids,  with the pos- 
sible prevent ion of  various types of  cancer.  H3 It is 
hypothes ized  that beta-carotene ,  through the conver-  
sion to retinoids and its antioxidant properties,  may 
act as a cancer  protector.14 

The role of  vitamin E has also been linked to the 
carcinogenesis  process .  It is hypothes ized that vitamin 
E may  inhibit carcinogenesis  via its function as an in- 
tracellular antioxidant.  15'16 Vitamin E is the major 
lipid-soluble antioxidant in plasma,  and this vitamin, 
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as well as cholesterol ,  is t ransported in plasma almost 
exclusively by lipoproteins. Lipoproteins,  particularly 
low-density l ipoproteins (LDL),  are the major plasma 
transport  molecules for both cholesterol and vitamin 
E.t7-19 

A few plausible explanations have been offered to 
support  the cholesterol-vi tamin A relationship. Be- 
cause vitamin A and serum cholesterol  are transported 
in associat ion with liver-derived serum proteins, the 
correlat ions be tween these two factors may be attrib- 
uted to the mutual associat ions of  these factors with 
the serum-transpor t  proteins,  z° Another  possible ex- 
planation is that cholesterol  and vitamin A, which are 
known to be absorbed  in conjunction with chylomi- 
crons, may  reflect the association between dietary ret- 
inol and cholesterol.  A final suggestion is that there 
exists a mutual  associat ion between serum cholesterol 
and vitamin A with L D L ,  because the majority of  cir- 
culating cholesterol  and carotene (provitamin A) is 
t ransported in conjunction with LDL.  

There  is a dearth of  information on the vitamin A- 
cholesterol  associat ion among healthy, flee-living 
populations,  particularly blacks (United States and Af- 
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r ica).  T h e r e f o r e ,  the  p r e s e n t  s tudy  is de s igned  to  as-  
sess  s e r u m  leve ls  o f  re t ino l ,  c a r o t e n o i d s ,  v i t amin  E,  
and  the i r  a s s o c i a t i o n s  wi th  cho l e s t e ro l  in an indige-  
nous  A f r i c a n  p o p u l a t i o n .  

Materials and methods 

The study population consisted of Nigerian women, who were 
attending either Nursing or Mid-wifery school at the University 
of Benin Teaching Hospital in Benin City, Nigeria, West Africa. 
Complete ascertainment of the population was attempted. Di- 
etary information was obtained on a subsample of the study 
population which included the number of meals eaten each day 
and a food frequency questionnaire. The food frequency ques- 
tionnaire was developed by Nigerians so that foods specific to 
the culture were included. There were 60 food items on the 
survey which focussed on the major sources of vitamin A, carot- 
enoids, and vitamin E. 

Twelve-hour fasting blood samples were obtained from all 
subjects who were not using vitamin supplements within a 
I-week period in June and the samples were stored at -47  ° 
C. All samples were analyzed within 2 months. Beta-carotene, 
carotenoids, retinol, alpha-tocopherol, and total cholesterol 
were analyzed by the Heinz Nutrition Laboratory at the Gradu- 
ate School of Public Health, University of Pittsburgh (Pitts- 
burgh, PA, USA). The Heinz Laboratory participates routinely 
in standardization and quality assurance programs conducted 
by the Center for Disease Control, the National Bureau of Stan- 
dards, the National Cancer Institute, and others. 

Serum beta-carotene levels were determined using Perkin- 
Elmer (Norwalk, CT, USA) high-performance liquid chroma- 
tography (HPLC} employing the serum extraction procedure of 
Driskell et al 2j and the HPLC eluants of Nierenberg. -'2 Total 
carotenoids were measured using a Micro-Medic spectropho- 
tometer (ICN Micro-Medic System, Inc, Horsham, PA, USA. ~'3 
Total cholesterol was obtained by enzymatic determination. ~4-~s 

Statist ical  analysis  

Descriptive statistics were used to provide means, standard de- 
viations, and ranges for the vitamin and cholesterol serum lev- 
els. Pearson product-moment correlation coefficients were com- 
puted to examine the associations between the selected vitamins 
and cholesterol. 

Results 

One h u n d r e d - s i x t e e n  b l ack  N ige r i an  ( p r e d o m i n a n t l y  
Igbo)  co l l ege  w o m e n  p a r t i c i p a t e d  in the  s tudy  repre-  
sen t ing  a r e s p o n s e  ra te  o f  74% (116/157). The  ages  
r anged  f rom 17-32,  wi th  a mean  age o f  22.6 yea rs .  
T h e s e  N i g e r i a n  w o m e n  were  c o n s i d e r e d  more  aff luent  
than  the t yp i ca l  N ige r i an ,  b a s e d  on e d u c a t i o n a l  a t ta in-  
ment .  In t e r m s  o f  l i fes ty le  f ac to r s ,  none  o f  the  co l lege  
w o m e n  r e p o r t e d  c iga re t t e  smok ing .  

The  mos t  f r e q u e n t l y  c o n s u m e d  foods  (based  on 
da i ly  c o n s u m p t i o n )  a re  r e p o r t e d  in Table 1. B e c a u s e  
o f  the  k n o w n  l imi ta t ions  a s s o c i a t e d  wi th  food  f requen-  
c ies ,  the  food  d a t a  we re  not  quant i f iab le .  H o w e v e r ,  it 
is o f  in te res t  to  no te  tha t  p a l m  oil ,  wh ich  was  used  
da i ly  by  the m a j o r i t y  o f  the  s tuden t s  (78%), is cons id -  
e red  one  o f  the  r i ches t  s o u r c e s  o f  p r o v i t a m i n  A ac t iv -  
i ty v a r y i n g  f rom 65,000 to 113,000 IU pe r  100 gm oil .  26 

The  m e a n s  and  r anges  for  s e r u m  levels  o f  re t inol ,  
c a r o t e n o i d s ,  v i t amin  E,  to ta l  cho l e s t e ro l ,  and  the 

Table 1 Frequency distribution of foods consumed daily by sam- 
ple of Nigerian women (n = 67) 

Food group & constituents Frequency 

Meats 69% 
beet 
chicken 

Seafood 54% 
fish 

Dairy products 40% 
eggs 
whole milk 

Grains and nuts 54% 
rice 
fufu 
groundnuts 

Vegetables 85% 
spinach 
tomatoes 
yams 

Fruits 33% 
mangos 

Oils 78% 
palm oil 

Table 2 Mean serum levels of vitamins and total cholesterol in 
Nigerian women (n 116) 

Variable Range Mean S.D. 

Retinol (~.mol/L) 0.48-1.64 1.61 0.35 
AIpha-tocopherol (#mol/L) 8.13-30.18 18.78 3.94 
Beta-carotene (#.tool/L) 0.86-9.42 393 1.52 
Carotenoids (#mol/L) 1.96-14.34 7.03 2.20 
Cholesterol (#mol/L) 163-6.91 4.01 0.83 
Alpha-tocopherol/ 3.68-788 5.27 0.80 

total cholesterol 

S.D., standard deviation. 

a l p h a - t o c o p h e r o l / t o t a l  c h o l e s t e r o l  ra t io  a re  p r e s e n t e d  
in Table 2. The  b e t a - c a r o t e n e  and  c a r o t e n o i d s  leve ls  
were  3.93 ~ m o l / L  and 7.03 p~mol/L, r e spe c t i ve ly .  Ye t  
the  m e a n  c h o l e s t e r o l  level  o f  the  N ige r i an  w o m e n  was  
4.01 m m o l / L .  The  a l p h a - t o c o p h e r o l / t o t a i  cho le s t e ro l  
ra t io  r anged  f rom 3 .68-7 .88 .  

The  c o r r e l a t i o n  coef f ic ien t  ma t r i x  o f  v i t amins  A 
and E,  and  to ta l  cho l e s t e ro l  a re  p r e s e n t e d  in Table 
3. Signif icant  pos i t i ve  a s s o c i a t i o n s  were  d e m o n s t r a t e d  
b e t w e e n  c h o l e s t e r o l  and  re t inol ,  a l p h a - t o c o p h e r o l ,  
b e t a - c a r o t e n e ,  and  c a r o t e n o i d s  (P < 0.001, for  all 
c o m p a r i s o n s ) .  

Discussion 

The  resu l t s  o f  the  p r e s e n t  s tudy  r evea l  tha t  the  Niger i -  
ans  have  high leve ls  o f  b e t a - c a r o t e n e  (3.93 p~mol/L) 
and  to ta l  c a r o t e n o i d s  (7.03 i~mol/L)  c o m p a r e d  with  
Un i t ed  S t a t e s  p o p u l a t i o n s .  M o r e  spec i f ica l ly ,  in pre-  
v ious ly  r e p o r t e d  d a t a  by  C o m s t o c k  et  al,  2v the  be ta-  
c a r o t e n e  leve ls  o f  U .S .  f ema le s ,  m e d i a n  age o f  58.1 
yea r s ,  was  on ly  0.68 p~mol/L. In  a c h e m o p r e v e n t i v e  
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Table  3 Correlation coefficient matrix of vitamins A, E, and total cholesterol (n = 116) 

Alpha-tocopherol Beta-carotene Carotenoids Cholesterol Ratio a 

0.41 0.04 0.09 0.30 0,21 
028  0.39 0.72 038 

0.96 031 - 0,05 
0.43 0.06 

034 

Retinol 
,~-tocopherol 
~-carotene 
Carotenoids 
Cholesterol 

a Ratio is alpha-tocopherol :total cholesterol. 
All correlation coeff icients _> 0.28 are statistically significant at P < 0.001. 

trial using 15 mg o f  beta-carotene daily over  a 4-month 
period, it was observed that the mean beta-carotene 
levels  at baseline,  2 months ,  and 4 months ,  were 0.3, 
2.9, and 3.3 txmol/L, respect ively ,  :8 never equalling or 
exceeding that o f  the Nigerians.  Adams et a129 found 
that the mean total carotenoid level o f  similarly aged 
United States col lege females  was  2.5 times less than 
that observed  among  the Nigerians; 7.02 txmol/L and 
2.97 pxmol/L, respectively.  Also,  the cholesterol  levels 
o f  the Nigerians were  observed to be between 5%- 
24% lower than their US counterparts.  29'3° 

Another  important finding was the significant posi- 
tive assoc iat ion observed  among the Nigerians be- 
tween  cholesterol  and serum vitamins A and E, and 
carotenoids.  These  findings were consistent  with pre- 
viously  reported studies,  although the United States 
comparison groups had significantly lower beta- 
carotene and carotenoid levels.  4-6'8'29'31 The findings 
are of  particular interest and suggest that dietary in- 
take may not be the key factor in the vitamin A- 
cholesterol  relationship. Since the Nigerian diet is as- 
sociated with a high intake of  palm oil (one of  the 
richest sources  o f  provitamin A activity varying from 
65,000 to 113,000 IU per 100 gm oil),- the data demon-  
strate that the vitamin A-cholesterol  relationship per- 
sists across  a wide distribution range of  serum choles-  
terol levels.  

It is hypothes ized  that the vitamin A-cholesterol  as- 
sociat ion may be attributed to the mutual associat ions  
of  these factors with the serum-transport proteins. 
There has been some concern that the absorption of  
the fat-soluble vitamins will be poor,  as well as their 
transport in the serum, if the serum cholesterol  levels 
are low. Results  o f  the present study suggest that 
even in a population in which the serum total choles-  
terol levels  are lower  than that observed in United 
States populations,  it is apparent that a high carot- 
enoid intake results in very high levels o f  beta- 
carotene in the serum. 
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