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hepatic 25-hydroxylation of vitamin D and that alcohol, while 
having no effect on 25 OH D production in adult livers, inhibits 
synthesis in pup livers. Alcohol-mediated decreases in pup he- 
patic 25 OH D production as well as decreases in 25 OH D 
transport from mother to fetus (13) may contribute to the 
diminished 25 OH D content of alcohol-exposed vitamin D- 
replete pups. 
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ABSTRACT. Fatty acids were measured by gas chroma- 
tography in lipid extracts of plasma and tissues obtained 
from three categories of 46 patients with cystic fibrosis. 
Low levels of the major essential fatty acid linoleate were 
found in plasma total lipids of patients who had malab- 
sorption but not in those without evidence of steatorrhea. 
Circulating arachidonic acid was only slightly decreased, 
and the unusual triene reflecting pathologically altered 
fatty acid metabolism (20:3w9) was generally not detected, 
nor was the trieneltetraene ratio abnormal except for in 
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two patients. There was no correlation between plasma 
linoleate and age, clinical severity score, or vitamin E 
status. Decreased linoleate did correlate with two indices 
of malabsorption, namely plasma carotene (r = 0.64) and 
fecal fat excretion (r = 0.76). Our data therefore indicate 
that the abnormality in linoleate is associated with (sec- 
ondary to) malabsorption of dietary fat despite pancreatic 
enzyme replacement therapy and consumption of a regular 
diet. The frequency of this alteration was determined to be 
quite high in 40 patients with steatorrhea, 85% of whom 
showed values below the lower limit of normal for plasma 
linoleate. It was of interest to find markedly decreased 
levels of linoleate in adipose tissue, cardiac muscle, and 
lung and lesser reductions in liver and psoas muscle taken 
at autopsies. Tissue arachidonic acid percentage was nor- 
mal, however, and 20:3w9 was rarely present. Thus, the 
physiological significance of this common abnormality in 
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CF patients with malabsorption remains to be determined. supplements (i.e. presence of hypocarotenemia, gross steator- 
(Pediatr Res 19: 104-109, 1985) rhea, and an abnormal fat balance evaluation whenever studied); 

11-patients with malabsorption who were supplemented with 
Abbreviations 100-200 IU of a-tocopheryl acetate in a water miscible form (9); 

and 111-patients with no evidence of steatorrhea, a normal 
EFA, essential fatty acid vitamin E status without tocopherol supplements, and normal 
CF, cystic fibrosis fecal fat excretion (26) and/or plasma carotene level. The age 
PUFA, polyunsaturated fatty acid ranges of the three groups of patients and a normal group of 
TLC, thin layer chromatography healthy volunteers were similar; most patients were adolescents 

or young adults. Patients with pancreatic insufficiency were 
receiving supplements of pancreatic enzymes (generally Cota- 
zym) with each meal. Although precise information was not 

Previous investigations (4, 5, 9, 12, 20-23, 25, 29, 32) have 
revealed that patients with CF show low circulating levels of 
linoleic acid (18:2w6), an EFA which serves as a precursor for 
arachidonic acid (20:4w6) and certain .prostaglandins. All four 
plasma lipid fractions (triglycerides, phospholipids, free fatty 
acids, and cholesterol esters) (4,2 1) Lnd erythrocytes (20,29) are 
reportedly abnormal in CF patients with malabsorption. The 
significance of this abnormality and the consequences relative to 
the PUFA composition of tissues have not been elucidated. 
Furthermore, the frequency of abnormally low circulating 
18:2w6 levels has not been established. There are many factors 
that potentially could cause or contribute to decreased linoleate, 
including: 1) malabsorption of ingested fat; 2) the traditional 
tendency of CF patients to restrict diktary fat consumption (10); 
3) greater than normal utilization of dietary PUFA for energy 
production (19); 4) increased oxidation of PUFA due to associ- 
ated vitamin E deficiency; 5) faster turnover of fatty acids in CF 
leading to a greater than normal nutritional requirement; and 6) 
a metabolic defect in fatty acid metabolism (28). Of these possi- 
bilities, malabsorption of dietary fat has been implicated on the 
basis of results obtained from some studies (12,2 1) of CF patients 
having apparently intact pancreatic function, i.e. those without 
steatorrhea. In one study, however, Hubbard et al. (21) found 
significantly reduced linoleate in the plasma triglyceride fraction 
of CF patients without evident pancreatic insufficiency and a 
mild but nonsignificant reduction in the phospholipid fraction. 
Also, Rogiers et al. (30, 31) reported moderately decreased 
linoleate in the free fatty acid and cholesterol ester fractions of 
plasma from CF patients with apparently intact pancreatic func- 
tion. In addition, a recent abstract (7) mentioned three CF 
patients with no steatorrhea who had EFA "deficiency." Al- 
though low concentrations of linoleate have been reported in the 
membranes of isolated erythrocytes from CF patients (29), there 
has been no description to our knowledge of the fatty acid 
composition of vital organs in any children with malabsorption. 
The purpose of this investigation, therefore, was to assess further 
the fatty acid composition of circulating lipids and to determine 
if low levels of linoleate are present in adipose tissue and vital 
organs. Another objective was to evaluate the influence of vita- 
min E status on fatty acid abnormalities. Three groups of CF 
patients were evaluated: I-those with pancreatic insufficiency 
and vitamin E deficiency, 11-those with pancreatic insufficiency 
who were supplemented with sufficient tocopherol to correct 
vitamin E deficiency, and 111-six CF patients with normal fat 
absorption. 

METHODS 

Subjects. Patients with CF diagnosed by pilocarpine iontopho- 
resis (35) who were visiting the University of Wisconsin Cystic 
Fibrosis Center for routine clinic evaluations were randomly 
chosen for this study as long as they were at least 2 h postprandial 
and gave informed consent for blood drawing. This project was 
approved by the University of Wisconsin Committee for the 
Protection of Human Subjects. Our clinic population was 
screened to identify three groups of patients, namely: I-those 
with vitamin E deficiency (as described below) and other evi- 
dence of malabsorption when not taking pancreatic enzyme 

available on the nutritional histories, most patients were appar- 
ently consuming a regular diet with 2% milk; none was taking 
supplements of medium-chain triglyceride oil. 

CF patients with malabsorption who were not receiving sup- 
plements of vitamin E showed a total tocopherol concentration 
of 0.208 + 0.09 mg/dl that was less than the other three groups 
(p  < 0.001). All patients in group I had a total tocopherol value 
less than the traditional lower limit of normal, namely 0.5 mg/ 
dl (1 I). Although this group and group I1 patients with malab- 
sorption had total lipid values significantly less than normal, the 
tocopherol/total lipid ratio was reduced to 0.542 + 0.199 ( p  < 
0.001, compared to normal mean f SD) in patients with mal- 
absorption who were not receiving vitamin E supplements. Using 
the critical ratio of 0.8 recommended by Horwitt et al. (18), it 
was found that 19 of 20 patients in group I were below this value 
while one subject has a ratio of 0.802. In contrast, group I1 
patients with malabsorption who were supplemented with 100- 
200 IU/day of vitamin E had a normal total tocopherol concen- 
tration (0.873 f 0.372 mg/dl) and a tocopherol/total lipid ratio 
(2.25 f 1.07) which was higher (p  < 0.01) than the normal group 
(1.52 + 0.45). Each of these patients in group I1 showed a total 
tocopherol concentration at or above 0.5 mg/dl and all had a 
tocopherol/total lipid ratio above 0.8. Although group 111 CF 
patients without malabsorption at 0.683 + 0.192 mg/dl were 
slightly below the mean plasma tocopherol concentration found 
in the normal group (0.839 + 0.145 mg/dl), these individuals 
showed no evidence of vitamin E deficiency and exhibited a 
tocopherol/total lipid ratio (1.40 f 0.41) similar to the normal 
group. Peroxide hemolysis tests confirmed the vitamin E status 
predicted from plasma tocopherol analyses in all the 36 subjects 
studied by these methods of assessing vitamin E nutritional 
status. Ten patients of group I evaluated by the hemolysis test 
showed abnormal (>5%; mean = 47.1 %) results while the 10 
patients studied in group I1 and four patients so evaluated in 
group 111, as well as 12 control subjects tested had normal 
peroxide hemolysis tests. 

Chest radiographs were taken on patients with CF and evalu- 
ated by the method of Brasfield et al. (3) to generate disease 
severity scores. The radiographic scores were similar for groups 
I and I1 CF patients with malabsorption (13.7 + 5.6 and 11.9 + 
4.9, respectively). The patients without malabsorption, however, 
had a significantly higher score at 21.3 + 1.5 ( p  < 0.001), 
indicating less severe disease. 

During the course of this study, autopsies were performed 
within 6- 16 h postmortem on eight adolescent CF patients with 
malabsorption who died of chronic lung disease and cor pul- 
monale. One of these patients, after having had serial assessment 
of plasma fatty acids revealing low levels of EFA, was given an 
intravenous fat emulsion (Intralipid) providing 0.7 g of linoleate 
per kg body weight per day (7% of caloric intake) for her last 4 
wk. Five tissues (liver, lung, heart muscle, psoas muscle, and 
perirenal fat) were sampled from each autopsied patient and 
placed in a -70" C freezer until biochemical analyses could be 
completed. It was not possible to procure tissues from an age- 
matched group of normal control subjects during a 3-yr period 
concurrent with this study. For this reason, tissue fatty acid data 
were obtained from J. G. Bieri (NIAMDD, National Institutes 
of Health, Bethesda, MD) on six adults who died of various 
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causes not related to malabsorption; these individuals have been 
previously described (1) with respect to linoleic and arachidonic 
acid composition; three died of acute vascular disorders and the 
others had cancer. We did obtain samples of the tissues of interest 
from two children who died suddenly in this hospital at 0.6 yr 
of age due to Reye's syndrome (whose liver was not abnormal in 
fatty acid composition) and at 1.4 yr because of laryngomalacia 
with cor pulmonale, heart failure, and a respiratory arrest. In 
addition, the National Diabetes Foundation recently sent us 
frozen samples of the above tissues taken within 6 h postmortem 
at autopsies of four "control" children who died unexpectedly in 
a state of good nutrition. These children were 0.4, 1.7, 10, and 
1 1 yr of age and had congenital heart disease (first two patients), 
pyruvate dysmetabolism (with normal growth) leading to respi- 
ratory arrest, and asthma with acute respiratory failure. These 
autopsies yielded four to six sets of normal pediatric tissue 
specimens which were analyzed for fatty acid composition using 
procedures identical to those followed for the CF tissues. 

Biochemical methods. Plasma samples were analyzed for total 
tocopherols using a previously described method (1 1) which also 
allows quantitation of the carotene concentration. Total lipids 
were determined by a modification (10) of the method of de La 
Heurga et al. (6) and the values obtained were used to calculate 
the ratio of total tocopherol to total lipids as recommended by 
Honvitt et al. (18). The susceptibility of 5% suspensions of 
erythrocytes to hemolysis in the presence of 2% hydrogen per- 
oxide was also assessed in approximately half the blood samples 
as a further index of vitamin E status (10). 

For analysis of fatty acids, plasma total lipid extracts were 
routinely prepared by the method of Bligh and Dyer (2). 
Transesterification of total lipid was accomplished with 0.5 N 
methanolic NaOH and heating in a boiling water bath for 20 
min, followed by addition of BF3-methanol and reheating; water 
was then added to stop the reaction. Methyl esters were twice 
extracted with petroleum ether. After concentration of the sam- 
ple to 50-100 p1, a 2-p1 aliquot was injected into a 6 foot by '/i 
inch glass column packed with Supelco GP-10% SP-2330 on 
100- 120 mesh Chromosorb WAW. Gas chromatography was 
performed on a Hewlett-Packard 5830A instrument with a tem- 
perature program increasing from 185 to 212" C and with a 
nitrogen flow rate of 28 ml/min. A flame ionization detector was 
used in conjunction with a calculating integrator for quantitation. 
Retention times were determined using standards purchased 
from Applied Science Laboratories and Supelco, Inc. One of the 
fatty acid methyl ester standards (20:3w9 or 5,8,11-eicosatrienoic 
acid) was also analyzed by using a gas chromatography-mass 
spectroscopy to confirm its identity. The limit of detection for 
this fatty acid by our analytical system is 0.1 %. 

Plasma lipid subfractions were also analyzed for fatty acid 
composition in six CF patients without malabsorption and six 
age- and sex-matched subjects from the normal group. Choles- 
terol esters, free fatty acids, triglycerides, and phospholipids were 
separated by TLC on silica gel G-25 plates using a solvent system 
of hexane/ether/glacial acetic acid (70:30:l,v/v/v). The lipid 
fractions were visualized with iodine vapors and identified by 
comparison to authentic standards. The fractions were then 
scraped from the TLC plate into screw cap tubes, extracted with 
Bligh and Dyer (2) solution, concentrated, dried, and transester- 
ified as described previously. Tissues obtained at autopsy were 
extracted for total lipids by the method of Radin (27). The final 
washed chloroform layer was dried under nitrogen, transesteri- 
fied, and subjected to gas chromatography to evaluate the fatty 
acid composition. 

All results presented are as mean f SD values. Data were 
analyzed statistically by the unpaired t test to compare differences 
of means. In addition, an analysis of variance was performed 
using the Fisher least significant difference approach applied for 
painvise comparisons as described by Winer (34). A probability 
level of 0.01 was utilized as the a (type I error) value required 
for statistical significance. 

RESULTS 

The fatty acid compositions of plasma total lipid extracts are 
shown in Table 1 for the four groups of individuals. It was found 
that the percentages of linoleic acid were decreased in both groups 
of CF patients with malabsorption, while significant increases 
were noted in palmitate, palmitoleate, and oleate. No differences 
could be attributed to vitamin E status, however, since the fatty 
acid abnormalities were similar in m o u ~ s  I and 11. The fattv acid 
composition of lipid extracts pre&redAfrorn plasma samiles of 
CF patients without malabsorption were indistinguishable from 
the normal group except for a slightly higher level of oleic acid, 
as shown in Table 1. A correlation was found between plasma 
carotene concentration and percentage linoleic acid for the total 
CF patient population studied (r = 0.64; p < 0.001). In addition, 
examining the percentage of dietary fat absorbed in relationship 
to plasma linoleic acid level in 16 patients concurrently assessed 
also revealed a correlation (r = 0.76; p < 0.00 1). The significantly 
low percentage of the major EFA linoleate detected on fatty acid 
compositional analysis of plasma was even more impressive 
when a calculation was made relative to the absolute concentra- 
tions of total plasma lipids. This revealed that group I had an 
estimated average plasma linoleate of 74.9 mg/dl and group I1 
showed 88.6 mgldl, while the normal group had a mean value 
of 207 mg/dl and group I11 CF patients without malabsorption 
were normal at 194 mgldl. In addition to low plasma concentra- 
tions of linoleate, nine CF patients of groups I and I1 had 
detectable levels of 20:3w9, while none was found in the plasma 
extracts from groups I11 or IV. Only two CF patients, however, 
had trieneltetraene ratios above the level (0.2) considered bio- 
chemically diagnostic of EFA deficiency (1 7). 

Table 2 presents data obtained from fatty acid analysis of lipid 
fractions isolated by TLC from plasma of either CF patients 
without malabsorption or normal subjects. There was only one 
statistically significant difference, namely a slightly lower per- 
centage of linoleate in the phospholipid fraction of group I11 CF 
patients. There was considerable overlap, however, in percentage 
fatty acid values measured in the phospholipid fraction such that 
half the CF patients had linoleate levels within the 95% confi- 
dence interval of the normal subgroup. 

Fatty acid compositions of tissues obtained at autopsy from 
CF patients and groups of apparently well-nourished adults and 
children are described in Table 3. It was of interest to find that 
the pediatric tissues except for lung showed 60% more linoleate 
than the adults, while oleate levels were lower in children. As 
expected because of the contribution of surfactant phospholipids 
(33), lung in each autopsy group showed relatively greater pal- 
mitate than the other tissues (data not shown). When compared 
to the two contrast groups without malabsorption, seven CF 
patients with histologically proven severe pancreatic disease had 
significant reductions in the percentage of linoleic acid found in 
adipose tissue, cardiac muscle, and lung. Linoleate levels were 
also low in CF liver ( p  < 0.001) and psoas muscle (p  < 0.005) 
compared to the pediatric normals. Arachidonic acid concentra- 
tions in the five sets of CF specimens were not significantly 
different from the normal groups, nor were any differences 
generally evident in the major monounsaturated fatty acids, 
palmitoleate and oleate. The pathologic triene 20:3w9 was found 
in six of seven CF liver specimens. Although this finding was 
unique to the CF group, the amount of 20:3w9 only averaged 
0.3% and in no case was there a high trieneltetraene ratio (15- 
17). The patient with the most abnormal plasma trieneltetraene 
ratio (0.56) showed the greatest reductions in linoleate with less 
than half the normal percentage found in all tissues except heart 
muscle. All organs evaluated in this individual had readily de- 
tectable levels of 20:3w9, averaging 0.4%. The other patient with 
trieneltetraene ratio above 0.2 received Intralipid before death 
and showed tissue fatty acid levels distinctly different from the 
other patients. As illustrated in Figure 1, the percentages of 
linoleate in this 18-yr-old patient's tissues were not only higher 
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Table 1. Percentage fatty acid composition of plasma total lipid extracts of patients with CF and normal subjects - 

Palmitate Palmitoleate Oleate Linoleate Arachidonate 
Group ( 16:O) (16:l) (18:l) (18:2w6) (20:4w6) 

I-CF with malabsorption and vi- 23.8 + 1.82* 6.31 + 1.44* 29.8 + 3.64* 19.7 + 4.66* 6.87 + 1.55 
tamin E deficiency 

11-CF with malabsorption, sup- 22.7 + 1.85* 5.79 + 1.96* 29.9 + 3.03* 20.5 + 5.18* 6.71 + 1.93 
plemented with vitamin E 

111-CF without malabsorption 20.9 + 2.25 3.20 + 0.5 1 23.9 + 2.55t 31.2 + 2.30 7.88 + 2.42 
IV-Normal 20.0 + 1.43 2.70 + 0.67 21.1 + 2.32 34.7 + 3.98 7.91 + 1.23 

* p < 0.00 1 compared to normal group. 
t p < 0.02 compared to normal group. 

Table 2. Fatty acid composition of lipid fractions isolatedfrom plasma of CF patients without malabsorption and normal subjects 
Palmitate Palmitoleate Oleate Linoleate Arachidonate 

Group Lipid fraction (16:O) (16:l) (18:l) (18:2w6) (20:4w6) 

Phospholipids 
CF* 31.5 +. 4.44 1.49 + 0.23 15.9 + 1.67 20.0 + 1.63t 7.59 + 1.59 
Normal$ 28.6 + 2.47 1.29 + 0.17 14.2 + 1.44 23.1 + 1.63 7.64 + 1.08 

Triglycerides 
CF 27.5 -t 3.41 5.38 + 0.64 41.0 + 2.69 12.7 + 3.46 0.64 + 0.36 
Normal 27.6 +. 2.59 5.24 + 0.41 41.2 + 3.61 12.6 -t 3.10 0.98 -C 0.59 

Cholesterol Esters 
CF 15.4 + 1.74 5.48 + 1.52 25.9 i 3.75 45.6 + 5.45 3.57 +. 1.20 
Normal 14.4 + 0.94 4.48 + 0.99 22.7 +. 1.48 50.7 + 3.10 4.00 + 0.64 

FFA 
CF 25.6 +. 4.18 4.01 + 1.15 34.7 +. 7.95 12.2 + 2.34 0.42 + 0.4 1 
Normal 27.7 + 4.72 4.43 +. 1.16 35.2 + 8.55 11.9 + 3.56 0.10 + 0.1 1 - 

* The cystic fibrosis group consisted of six patients (two male, four female) averaging 18.3 + 8.5 yr of age. 
t p < 0.01 compared to normal group; no other significant differences. 
$The normal group consisted of six subjects (two male, four female) averaging 18.8 + 7.5 yr of age. 

Table 3. Fatty acid composition of tissues obtained at autopsy from seven adolescent CFpatients with malabsorption compared to 
two normal populations - 

Palmitoleate Oleate Linoleate Arachidonate 
Tissue group (16:l) (18:l) (18:2w6) (20:4w6) 

Fat 
CF 9.18 + 2.43 46.2 + 2.10 7.76 + 2.90* 0.40 + 0.16 
Adult normal 4.13 + 1.25 49.4 + 4.60 13.8 + 3.48 0.48 + 0.33 
Pediatric normal 5.60 + 2.37 37.6 + 8.12 21.9 + 8.84 0.45 + 0.14 

Psoas muscle 
CF 6.98 + 2.47 34.9 + 6.72 11.3 + 5.251- 5.05 + 2.82 
Adult normal 5.16 + 3.39 42.3 + 2.91 15.9 + 3.18 2.84 + 1.42 
Pediatric normal 3.40 + 1.23 24.7 + 4.33 26.1 + 5.59 7.09 + 2.05 

Heart muscle 
CF 5.89 + 4.23 30.2 + 9.42 11.7 + 4.59t 12.6 + 5.99 
Adult normal 1.60 + 0.68 24.5 + 5.32 17.4 + 2.01 15.8 + 4.12 
Pediatric normal 1.83 + 1.01 19.7 + 5.43 25.5 + 5.77 15.6 + 12.0 

Liver 
CF 7.02 + 1.69 37.1 + 7.82 8.55 + 3.72$ 4.80 + 3.1 1 
Adult normal 5.05 + 2.38 38.6 + 6.54 12.6 + 3.66 3.15 + 2.82 
Pediatric normal 4.44 + 1.47 25.3 + 3.94 20.4 + 8.71 6.89 + 3.13 

Lung 
CF 6.60 + 1.59t.g 29.0 + 9.21 5.02 + 1.5611 10.2 + 3.58 
Adult normal 3.04 + 0.96 27.2 + 4.99 11.4 + 1.82 10.5 + 2.11 
Pediatric normal 2.81 + 1.6 20.3 + 3.83 13.4 f 4.25 12.6 + 1.74 

* p < 0.0 1, compared to the normal groups. 
t p < 0.005, compared to the pediatric normal group. 
$ p  < 0.001, compared to the pediatric normal group. 
§ p < 0.005, compared to the adult normal group. 
11 p < 0.001, compared to the normal groups. 

than those of the other six CF patients, but generally were greater DISCUSSION 
than 1 SD above the adult normal mean. She also had a com- 
pletely normal plasma fatty acid composition at the time of death Our observations on specific plasma fatty acid abnormalities 
despite being markedly low in plasma linoleate when the intra- in malabsorption due to cystic fibrosis are generally in agreement 
venous fat emulsion was started (Table 4). with data reported by others (4, 5, 9, 12, 20-23, 25, 29, 32). 
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Although the true frequency of the major change, namely low 
plasma linoleate, has been uncertain, results from this investi- 
gation of 40 CF patients with malabsorption indicate that 85% 
of the subjects in groups I and I1 were below the mean -2 SD 
value for plasma linoleate. In contrast, none of the controls or 
CF patients with presumably satisfactory pancreatic function 
(group 111) were below this discriminating value of 26% linoleate 
in the total lipid extract. It should be emphasized, however, that 
the CF patients without clinically evident malabsorption (group 
111) had a significantly better mean clinical score than groups I 
and 11. This observation confirms a recent report (13) associating 
a milder course of pulmonary disease to "intact" pancreatic 
function. 

Thus, it is clear that most CF patients with malabsorption 
have low levels of this EFA in their circulating pool of lipids, 
despite the reduction of steatorrhea by consumption of pan- 
creatic enzymes with meals. It is equally clear that the linoleate 
abnormality in CF is associated particularly with malabsorption, 
although subnormal fat intake might also play a role. Our results 
revealed a correlation between indices of steatorrhea and the 
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Fig. 1. Tissue linoleate levels in CF. Mean values shown with SDs 
indicated by brackets represent the percentage of linoleate in fatty acid 
methyl esters prepared from total lipid extracts. Asterisks indicate differ- 
ences that are statistically significant compared to the CF group. The CF 
patient given Intralipid received 0.7 g of linoleate per kg body weight per 
day for 4 wk prior to death. See the text for further information. 

concentration of linoleate in total plasma lipid, whereas no 
association could be made with age or clinical score reflecting 
pulmonary disease. Our data also indicate conclusively that 
vitamin E deficiency, despite the potential increase in PUFA 
oxidation, is not the underlying factor in the altered linoleate 
status. As pointed out by Hubbard (19), however, it is possible 
that increased utilization of PUFA for energy production might 
be a contributing factor to the low linoleate levels, especially in 
patients with inadequate caloric intake. This might explain in 
part the normal fatty acid status of CF patients with mild disease 
in group 111. 

The generally normal levels of linoleate in plasma lipid frac- 
tions of CF patients without steatorrhea, as noted in this study 
and by some (12, 21) but not all (31) previous investigators, 
argues against EFA deficiency being a primary metabolic dis- 
turbance in CF, as originally proposed by Rivers and Hassam 
(28). Rogiers et al. (3 1) recently pointed out that the percentage 
linoleate in plasma cholesterol esters might be a sensitive indi- 
cator of EFA status since this fatty acid accounts for approxi- 
mately half the total acyl content of this fraction. Although their 
data indicated a significant reduction from 56.1 % (normal mean) 
to 49.1 % in CF patients without pancreatic insufficiency, we 
(Table 2) and Hubbard et al. (21) found statistically unaltered 
linoleate levels in the cholesterol ester fraction. It should be 
mentioned, however, that the phospholipid fraction of CF pa- 
tients without clinically evident malabsorption did show a slight, 
statistically significant reduction in linoleate. Because recent 
dietary history has little effect on the fatty acid composition of 
circulating phospholipids (in contrast to triglycerides) and since 
this group consumed a normal diet, it is unlikely that nutritional 
factors account for the difference observed. On the other hand, 
it is possible that some of the six patients in group I11 had 
subclinical pancreatic insufficiency (24) which over a period of 
time might lead to low levels of linoleate in the phospholipid 
fraction. This would be in keeping with recent observations of 
Durie et al. (7). 

The question arises as to the physiologic significance of the 
fatty acid abnormalities that occur in CF patients with malab- 
sorption. An indication of pathologically altered fatty acid me- 
tabolism may be obtained by evaluating levels of 20:3w9, the 
unusual triene synthesized from oleic acid in severe EFA defi- 
ciency which causes the trieneltetraene ratio (1 5- 17) to become 
high enough to establish the diagnosis unequivocally. Because 
only nine of 40 CF patients with malabsorption had detectable 
levels of this triene and only two patients had plasma trienel 
tetraene ratios above 0.2 (1 2), it would appear that in general the 
linoleate deficiency is not sufficiently severe to have a major 
impact on fatty acid metabolism. It was of interest to find in 
tissue analyses that linoleate levels were significantly decreased 
in perirenal fat, heart muscle, and lung while being low but not 
statistically different from adult normal values in psoas muscle 
and liver. Nevertheless, arachidonic acid levels were not altered 
in any of these tissues. Furthermore, the pathologic triene was 
generally only present in low concentrations in liver and not to 
the extent found in animals with the characteristic features of 
EFA deficiency (16). Thus, high trieneltetraene ratios were not 
found in any CF tissue. Even the patient with a trieneltetraene 
ratio of 0.56 in plasma did not show an impressive alteration in 
the vital organs analyzed. In a previous study of adipose tissue 

Table 4. Plasma fatty acid profile in an 18-yr-old CF patient supplemented with 1.3 g Intralipidlkglday 

Triene/ 
Date 14:O 16:O 16:l 18:O 18:l 18:2w6 18:3w3 20:3w9 20:3w6 20:4w6 22:6w3 tetraene 

9/27/79 0.97 24.46 7.17 7.47 33.89 14.73 0.017 1.63 1.67 7.22 0.78 0.23 
Intralipid begun 

10/2/79 0.74 25.38 6.29 7.07 29.71 19.46 0.033 1.21 1.87 7.44 0.80 0.16 
10/18/79 0.33 21.02 2.53 6.34 26.48 30.16 3.09 0.47 2.17 5.09 2.32 0.12 
10/24/79 0.22 21.05 1.43 7.46 25.34 31.36 3.95 0 1.41 3.93 3.7 1 0 
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biopsy specimens, Kuo et al. (22) found low linoleate levels but 
did not comment on trieneltetraene ratios. 

In view of these observations, we conclude that the physiologic 
significance of low linoleic acid concentrations in blood and 
tissues of CF patients with malabsorption remains to be deline- 
ated. It is quite unlikely that changes in fatty acid-related lung 
functions occur in CF patients as have been reported in EFA- 
deficient animals with a much greater severity of deficiency due 
to dietary alterations (23). On the other hand, it is possible that 
a subtle alteration could occur in cellular metabolism or in the 
phospholipid components of membranes that would lead to 
significant functional disturbances as some have postulated (8, 
14). Because of the fact that low levels of linoleate occur com- 
monly in CF patients in association with steatorrhea, it must be 
concluded that such patients are often biochemically malnour- 
ished (10) with respect to this essential nutrient. Elucidation of 
the role of linoleate deficiency in CF will require longitudinal 
evaluation of patients with malabsorption studied comprehen- 
sively in a randomized clinical trial involving successful linoleate 
supplementation to correct the abnormality. 
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