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T h e  p a t t e r n  of fat ty acids in  fas t ing  s e rum tr iglycerides has  been  e x a m i n e d  
in 15 patients with Laennec's cirrhosis. Levels of triglycerides over 170 rag/ 
100 ml were found in 9 of the 15. In each cirrhotic patient, regardless of 
the triglyceride level, a relative decrease in linoleic acid was found. The 
data suggest a relative deficiency of this dietary derived fatty acid which 
may play a role in abnormalities of serum and hepatic triglycerides found in 
alcoholic cirrhotics. 

E LEVATIOX of the fasting serum triglyceride level has been described in both 
normal  and alcoholic subjects following the prolonged ingestion of 

alcohol.1 In  patients  with Laennec's  cirrhosis and pancreatitis, fasting tri- 
glyceride levels are also elevated without  the ingestion of alcohol. -~ T h e  
descriptions of these hyperl ipemias have indicated increases in triglycerides, 
fl-lipoproteins, cholesterol, and phospholipids,  a-6 Serum free-fatty-acid levels 
after alcohol ingestion have been variously repor ted as decreased, 6 unchanged, 7 
or dependent  on serum alcohol levels.~ Increased hepatic fatty acid and tri- 
glyceride synthesis 8 and decreased l ipoprotein lipase activity 4.'a, le have been 
incr iminated as contr ibut ing to the hyperl ipemia.  

~;Vhile the fatty acid distr ibution within the triglyceride por t ion has been 
studied in normals and in noncirrhotic  hypertr iglyceridemia patients, 1° rela- 
tively little study has been given to this par t i t ioning in cirrhotic patients 
either with or without  hypertriglyceridemia.  T h e  present study, initiated to 
investigate this problem, describes the triglyceride fatty acid composition 
12 hr after ingestion of the last pr ior  meal in patients with alcohol liver 
disease not complicated by pancreatit is  and compares this with the tri- 
glyceride content and fatty acid composit ion encountered in control subjects. 
A positive correlation of hypertr iglyceridemia with elevated fasting blood 
sugar was noted as well as a distinct difference is the linoleic component  of 
the triglyceride fatty acids. 

M A T E R I A L S  AND M E T H O D S  

A total of 15 patients were studied dur ing hospitalization for t reatment  of 
hepatic  disease secondary to alcoholism. Varying degrees of hepatic cirrhosis 
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were d e m o n s t r a t e d  in  each at au topsy  or  by l iver  b iopsy.  A t  8 AM fo l lowing  a 
12-hr fast, b l o o d  spec imens  were d r a w n  for se rum l i p i d  a n d  o the r  analysis.  
B lood  was d r a w n  be tween  the fou r th  asd s ix th  day  of hosp i t a l i z a t i on .  T o t a l  
se rum t r ig lycer ides  were d e t e r m i n e d  by the m e t h o d  of Van  H a n d e l  a n d  
Zi lversmit ,  n choles tero l  a n d  b l o o d  sugar  by au toana lyze r .  T h e  se rum l ip ids  
were s epa ra t ed  by th in  layer  c h r o m a t o g r a p h y .  T h e  t r ig lyce r ide  f r ac t ion  was 
saponif ied,  esterified,  a n d  the fa t ty  ac id  p a t t e r n  d e t e r m i n e d  by gas - l iqu id  
c h r o m a t o g r a p h y .  Se rum amylase  a n d  h e p a t i c  f u n c t i o n  tests were d e t e r m i n e d  
by rou t i ne  l a b o r a t o r y  p rocedures .  Serum t r ig lycer ide  c on t e n t  a n d  T R G  fa t ty  
acid pa t t e rn s  were d e t e r m i n e d  af ter  a c o m p a r a b l e  fast in 34 h e a l t h y  ma le  
med ica l  s tuden ts  and  house  officers, a n d  these cons t i tu t e  ou r  c on t ro l  values.  
Fas t ing  values  above  160 mg /100  ml,  se rum t r ig lycer ide  have been  cons ide red  
as h y p e r t r i g l y c e r i d e m i a  on  the basis of the  va lues  f o u n d  in p rev ious  studies,  v) 

R E S U L T S  

T h e  se rum t r ig lyce r ide  level,  fas t ing b l o o d  sugar ,  a n d  degree  of h e p a t i c  
dys func t ion  of the 15 c i r rho t i c  p a t i e n t s  is shown in T a b l e  1. S e r u m  amylase  
and  l ipase were n o r m a l  in  all ,  p r e s m n a b l y  r u l i n g  ou t  panc rea t i t i s .  H y p e r t r i -  
g lyce r idemia  of m i l d  degree  r a n g i n g  be tween  170 a n d  314 m g / 1 0 0  m l  occu r red  
in 9 of the 15. I n  the p a t i e n t s  w i th  se rum a l b u m i n  g rea te r  t han  3.0 g /100  ml ,  
6 of 7 h a d  e leva ted  t r ig lycer ides ,  a d i s t inc t ly  h ighe r  inc idence  t h a n  in  those 
wi th  se rum a l b u m i n  lower  t h a n  3.0 g /100  m l  where  on ly  3 of 7 h a d  hype r t r i -  
g lycer idemia .  T h e  genera l  c l in ica l  c o n d i t i o n  of the  c i r rhot ics  wi th  low se rum 

TABLE 1. LABORATORY EVALUATION OF CIRRHOTIC PATIENTS 

Cir- 
rhotic Total Fasting Blood 

patient triglg- blood urea 
(No.) ceride Cholcstcrol sugar Bilirubin Amylase Albumin nitrogen 

Normal 
value <160 150 250 <100 < 1.2 80 lg0 3.5-5.5 10-20 

1 98 121 l l0  15.0 59 2.7 45 
2 9g 152 12.0 136 2.7 140 
3 105 140 28S 1.8 N 2.9 29 
4 120 200 89 3.0 N 2.8 7 
5 139 233 100 1.0 113 3.4 14 
6 160 189 150 6.0 35 2.9 - -  
7 170 250 92 1.0 N - -  N 

176 144 160 11.0 N 2.S 23 
9 191 129 64 1.0 114 3.5 0 

10 212 109 226 10.4 31 3.0 40 
11 242 - -  113 1.0 165 3.77 91 
12 2~2 163 116 9.0 N 3.0 
13 284 246 115 1.0 137 3.5 6 
14 309 110 108 20.5 184 2.1 4R 
15 314 584 9.0 t30 3.S 7 

All values are stated in mg/lO0 ml, except amylase which is in Somogyi unils. 
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albumin indicated a more severe degree of hepatic failure. Hypertriglyceri- 
demia was associated with elevation of the fasting blood sugar in five 
instances, while elevated fasting blood sugar without triglyceride elevation 
occurred in only 2 patients. However, these apparent  correlations between 
serum T R G ,  blood sugar, and low albumin is not certain due to the small 
numbers of patients. Elevation of bi l i rubin above 3 rag/100 ml occurred in 
nine of the cirrhotics but  was independent  of the triglyceride level. Five of 
the cirrhotic patients had BUN elevation ranging between 45 asd 140. Three  
had elevated triglycerides, and two did not. Tota l  cholesterol leveIs did not 
correlate with T R G  levels in the entire group of cirrhotics, nor did they 
correlate with serum albumin values. 

In Table  2, a separate comparison is made between the cirrhotic patients 
and the controls, with fasting triglyceride levels above and below 160 mg/  
100 ml. T h e  fatty acid triglyceride composition in the control subjects is 
similar to values previously described. ~o, aa Differences in the 18:2, 16:1, and 
18:1 fractions between controls and cirrhotics are clearly most significant, 
18:2, linoleic acid having a mean value of 8.22% in the cirrhotics as opposed 
to 16.2% is the normals. Although the percentage contr ibut ion of 16:0, 16:1, 
18:0, and 18:1 was increased in the cirrhotics over tile normals, only the 18:1 
made a significant contribution.  Inasmuch as the values are percentages of 
the total triglyceride fatty acids, the increases noted presumably are secondary 
to the lowering of the linoleic fraction. It  is of interest that the 18:2 
component of the triglyceride fatty acids is significantly higher (p < .01) in 
the controls with elevated triglyceride levels than in the controls with normal 
triglycerides. This  suggests the increased triglyceride is of dietary origin. 

In Table  3, the individual and mean T R G  fatty acid values are shown for 
the cirrhotic patients, and these are compared to control subjects. It is evident 
that the depression of the 18:2 component  of tile triglyceride fatty acids is 
present in both the normal and hypertriglyceridemia cirrhotic patients. 

DISCUSSION 

In this study of 15 patients with varying degrees of Laennec's cirrhosis, 
several observations were made which confirm earlier studies. Th e  triglyceride 
levels were elevated in 60% of the cirrhotics studied. This  figure is ap- 
preciably higher than reported by others and in previous studies from this 
laboratory. Undoubtedly,  this is a result of establishing 160 mg/100 ml of 
triglyceride as a maximum normal fasting value. While this fasting level is 
consistent with that of most observed, and has been accepted by us following 
extensive study of subjects without abnormalities of lipid metabolism, la it 
should be noted that nearly 50% of the controls (male medical students and 
house officers) in this study exceeded the 160 rag/100 ml level for fasting 
triglyceride. 
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T A B L E  3. F A S T I N G  F A  D A T A  C I R R I I O S I S  

YA (%) 

20:0 
No. of Total 18:3 

palients TG 16:0 16:1 18 18:1 18:2 22:0 20:~ 2~:0 

1 98 29 .1  5 . 7  10 .6  3 0 . 6  7 .3  5 . 0  1 .4  4 .3  
2 98 29.7  7 .0  11.1 3 8 . 7  5 . 7  3 . 2  1 .6  2 .8  
3 105 2 9 . 4  6 .1  7 .1  42 .3  7 .6  3 . 7  2 .1  1 .5  
4 122 2 7 . 8  10 .4  6 . 6  4 1 . 0  9 .1  2 .3  1 .5  1 .3  
5 139 3 1 . 8  4.6 7.0 44.2 S.1 1 .8  1 .2  1 .3  
6 161 2 6 . 5  6 . 0  9 . 4  4 3 . 8  6 .6  2 . 8  2 .2  1.8 
7 170 34 .1  7 .1  7 .1  39 .8  7.2 2.1  1.8 0 .9  
8 176 31.1  7 . 4  6 . 5  4 6 . 9  5 . 0  1 .3  0 . 7  1 .3  
9 191 3 0 . 6  5 . 4  6 .1  45.2 8 . 5  1 .7  1 .0  l .4 

10 212 2 8 . 2  6 .1  6 . 4  39 .5  12 .7  3.1 1 .8  2 .2  
11 242 2 8 . 9  5 . 5  7.2 3 4 . 3  13 .9  2.7 1.3 0 . 4  
12 282 2 8 . 4  8 . 3  5 . 2  50 .3  5 . 4  1 .0  1 .0  0 .4  
13 284 3 3 . 2  7 . 8  5 . 4  40 .6  10.1 1 .3  1 .2  0 .3  
14 309 3 1 . 0  6 . 9  6 . 8  4 7 . 4  5 . 2  1 .2  0 .8  0 .8  
15 314 3 0 . 6  7 .1  5 . 9  43.2 10.0  1 .2  l .6 0 . 5  

M e a n  ~ SD 193 3 0 . 0  6 . 8  7 . 2  4 2 . 2  8 . 2  2.3 1.4 l .4 
for 15 4-77 4- 2 .1  4- 1 .4  4- 1 .8  4- 4 . 3  4- 2 . 6  4- 1.1 4- 0 . 4  4- 1.1 
patients 

Mean 4- S1) 157 2 8 . 2  4 . 5  6 . 8  3 6 . 7  16 .2  3 . 4  2 .4  l .S 
for34  4-64 4- 5 . 3  4- 1 .7  4- 1 .7  ~ 5 . 3  4- 5 . 3  4- 1 .4  4- 1 .4  4- 1 .3  
controls 

Bilirubin levels were not  related to the degree of lipemia in contradistinc- 
tion of the study of Phillips. 3 

A tendency toward elevated fasting blood sugar and impaired tolerance to 
glucose in cirrhotic patients is well known. 14 In this small series, 50% of the 
patients had elevated blood sugars, and the majority of these also demon- 
strated hypertriglyceridemia. There was no evidence that pancreatitis, which 
often accompanies cirrhosis and may result in glucose intolerance, was present 
in these patients. 

The  marked diminut ion of 18:2 fatty acid component,  which was present 
regardless of degree of triglyceridemia is of great interest since this fatty acid 
must be obtained from dietary sources, and its relatively low value suggests a 
relative deficiency. Such deficiency is not unexpected in a group of cirrhotics 
where fat intake may be impaired. Experimental dietary deficiency of essential 
fatty acids 15 in rats produces increased hepatic triglycerides and phospholipids, 
but increased plasma free fatty acid content. A greater rate of secretion of 
triglyceride from the liver and decreased triglyceride content in the low 
density l ipoprotein serum faction occurs. 

The  relative deficiency of l inoleic acid may have additional significance 
due to the fact that 18:2 is a functional component  of phospholipid with a 
consequent role in fat transport. If such a deficiency existed, then it might 
be manifested not only by a relative deficiency in the serum T R G  when these 
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are  e l eva t ed ,  b u t  also in  a dec rease  in  t he  a b i l i t y  to r e m o v e  T R G  f r o m  the  

l iver ,  s e c o n d a r y  to i m p a i r e d  p h o s p h o l i p i d  f o r m a t i o n .  T h u s  a c o m b i n a t i o n  

of  fa t ty  l i ve r  a n d  h y p e r t r i g l y c e r i d e m i a ,  c o m m o n l y  f o u n d  in a l c o h o l i c  c i r rho t i c s ,  

m i g h t  in  p a r t  r e s u l t  f r o m  a de f i c i ency  of  e s sen t i a l  fa t ty  acid,  in  w h i c h  case t he  

r e l a t i v e  de f i c i ency  of  18:2 m i g h t  be  e x p e c t e d  in the  s e r u m  T R G .  

D i e t a r y  i n a d e q u a c y  of  l i n o l e i c  a c i d  m a y  also c o n t r i b u t e  to  h y p e r t r i -  

g l y c e r i d e m i a  by  a d i v e r s i o n  of  f a t ty  ac ids  f r o m  o x i d a t i v e  p a t h w a y s ,  a0 A 

f u r t h e r  effect  of  l i n o l e i c  ac id  m a y  ar ise  f r o m  its spa t i a l  c o n f i g u r a t i o n  as 

sugges t ed  by Spr i tz ,  a6 a dec rease  in  l i n o l e a t e  c o n t e n t  r e s u l t i n g  in  a d i sp ro -  

p o r t i o n a t e  inc rease  in  o t h e r  s a t u r a t e d  f a t ty  acids.  
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