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ABSTRACT 

The response of the sebaceous gland to total caloric deprivation was studied in 18 
obese patients undergoing fasts for periods of four to eight weeks. Sebum production 
was measured in 11 of the patients and was found to decrease in each individual, with an 
average reduction of 40%. Diminished secretion usually occurred by the fourth week but 
was sometimes seen as early as one or two weeks. The composition of the sebum, analyzed 
in 14 patients, was also altered, and this could be detected as early as five days after the 
onset of fast. The qualitative changes in surface lipid consisted of a reduction in the 
amount of triglyceride fatty acids, wax esters, cholesterol and cholesterol esters but with 
no significant alteration in the amount of squalene. 

Little is known concerning the influence of 
nutrition on the sebaceous gland in man. While 
a few reports have claimed that dietary manipu
lation can lead to alterations in sebum secretion 
or composition (1-5), there is no information 
available as to the effect of prolonged caloric 
restriction. 

The present study was undertaken to deter
mine the effect of total fasting on sebum produc
tion and sebum composition in obese patients. It 
was found that such caloric deprivation results 
in a significant reduction in sebum production, 
apparently accomplished by the decreased syn
thesis of all sebum constituents except squalene. 

MATERIALS A..·"·W METHODS 

The study included 18 obese patients with nor
mal carbohydrate tolerance. There were eight men 
and ten women, age 16-51 with a median age of 
35 years. They were hospitalized on a metabolic 
unit several days to two weeks prior to therapeutic 
starvation.t For the few days before the fast was 
begun, the daily diet consisted of 300 g of carbohy-
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drate, 100 g of protein and 85 g of fat, totaling 
2500 Kcal. During the period of fasting, which 
ranged from four to eight weeks, with most sub
jects fasting for six weeks, only water, electrolytes 
and a standard vitamin pill were allowed. At the 
conclusion of the fasting period, food was con
sumed ad lib for three days followed by a diet of 
1200 Kcal per day. Four of the 18 patients under
went more than one period of fast: three had two 
separate fasting trials, and one had four individual 
fasting periods. 

Two methods for assessing the sebaceous gland 
response were used: 1) sebum production. Meas
urements were made with the use of a method in 
which sebum delivered to a measured area on the 
surface of the forehead was collected onto absorb
ent papers over a three-hour period for subsequent 
gravimetric analysis (6); 2) sebum composition. 
Skin surface lipid samples for determination of 
composition were collected from the forehead with 
a hexane-soaked polyurethane sponge. The lipid 
was recovered by extraction into hexane and ana
lyzed by quantitative thin-layer chromatography 
(7). 

Each of these sebum tests was done two or 
three times before fasting and on an average of 
once every ten days during the period of fasting. 
In several cases, it was possible to re-test these 
patients at varying intervals after re-alimentation 
as well as those undergoing subsequent fasts. 

RESULTS 

Of the 18 patients studied, seven had tests for 
both sebum production and composition, four 
patients for ebum production only, and seven 
patients for sebum composition only. 

1) Sebum production. Table I lists the 11 
patients in whom the effect of fasting on se
bum production was studied. The pretreatment 
sebum values were in the normal range of non-
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TABLE I 
Effect of fast.ing on sebum p1·oduction 

Sebum production (mg/ 10 cm2/ 3 hrs) 

Weeks 

Patient Sex Age 
Pre-fast 

1 2 average 3 4 s 6 7 8 9 10 13 16 

Fasting Post-fast 

--
1 M 33 4.56 5.29 4.76 4.38 3.76 3.18 3.76 

4.50 5.72 3.10 3.15 
2 M 22 3.45 3.04: 2.54 1.76 2.40 
3 M 30 2.52 3.58 1.92 2.21 1.82 
4 M 38 1.71 2.01 1.38 .72 .72 
5 F 35 3.38 2.42 2.47 2.71 2.67 
6 F 43 2.64 2.71 1.82 1.22 1.40 .79 3.84 
7 F 35 1.41 1.05 1.28 .43 
8 F 45 1.34 .10 .23 .39 .43 1.14 
9 F 28 1.07 1.01 .50 .52 1.63 

10 F 20 1.03 .93 .66 .50 .48 .41J 
11 F 16 1.02 .97 1.05 1.07 .72 .46 .60 

--------

Mean 2.19 1.92* 1.33* 

* Calculated as the average of the mean of test values for each Slibject in the period indicated. 

obese men and women (8), except for Patient 1 
in whom it was slightly above the upper limit of 
normal. In all individuals, total caloric depriva
tion re ulted in a decrease in sebaceous gland 
secretion which was evident in most cases by the 
fourth week of starvation and in a few instances 
as early a one or two weeks (Patients ~5, 8, 
and 10) . By comparing the pre-fasting sebum 
level with the average of sebum values obtained 
after the third week of fasting for each subject, 
it wa found that the decrease in sebum produc
tion ranged from 20-70% with an average of 
40% (p < .001). No rebound of sebaceous gland 
activity from suppre sed levels was observed 
during fa ting, but in two of five follow-up sub
ject , not only did sebum values return to nor
mal after re-feeding but actually exceeded pre
fasting levels (Patients ~6 and 9). No correla
tion could be established between the control 
sebum level, or the degree of sebaceous suppres
sion attained, and the degree of obesity or 
amount of weight reduction achieved. 

2) Sebum composition. The composition of 
the skin surface lipid was studied in 14 patients. 
As was the case with sebum production levels, 
the composition of the skin surface lipid in these 
obe e individuals was normal when compared to 
values for non-obese adult ubjects. On fasting, 

the concentration of squalene in sebum rose in 
every case, to approximately double the initial 
values. Figure 1 illustrates this response in a 
patient who was fasted on four separate occa
sions. In Figures 2-4, all of the individual values 
for the concentrations of squalene, wax esters 
and "triglyceride fatty acids" in the 14 patients 
are plotted on the basis of days before fasting, 
days after commencement of fast, and days after 
re-feeding. The value of triglyceride fatty acids 
was derived by combining the figures for triglyc
erides, diglycerides and free fatty acids for each 
analysis, in order to eliminate individual dif
ferences in the degree of lipolysis of the triglyc
erides by bacterial lipases. From the distribu
tion of the points in these graphs it is apparent 
that the rise in squalene concentration was ac
companied by a decrease in the concentration of 
wax esters and triglyceride fatty acids. The 
onset of this effect, insofar as it was detectable, 
appeared to be delayed about five days after the 
changes in dietary regimens. The average com
position values for the lipid classes in relation to 
the duration of fasting are listed in Table II. 
Since the changes of greatest magnitude in
volved an increase in the concentration of squa
lene and a decrease in the concentration of wax 
esters, the squalene: wax ester ratio was calcu-
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Fra. 1. Percent concentration of squalene of the surface lipid in a patient fasted on 4 
separate occasions. The first sample was taken 3 weeks after the initial fast had already 
begun. 
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Frc. 2. Concentration of squalene during fasting. The horizontal line are the a;-erages 
for the values obtained in the periods indicated. 

lated for each of the 14 subject . This ratio was 
found to be le s than 0.60 in the non-fasted state 
and greater than 0.75 in the fa ted state (Fig. 
5), and as such afforded for any given individual 
a di tinct differentiation between the two meta
bolic tates. The figure al o demonstrates that 
the ratios for 23 adult non-obese non-fasted 
male subjects were in the same range as those of 
the obese patients in the non-fasted state. 

T able III shows the changes in the absolute 
amounts of the individual lipid classes resulting 
from fasting . These were values taken from the 

seven patient in whom both production and 
composition of sebum were tudied by the meth
ods de cribed. For each subject, the amount of 
each lipid cla s was calculated by multiplying 
the percent campo ition by the Yalue for ebum 
production. There wa a significant decrea e in 
the zw.tual amount of each lipid component, ex
cept for squalene, the mean value of which re
mained essentially unchanged. 

As noted earlier, the changes in lipid composi
tion could be observed as early as five days from 
the onset of fa ting. Table IV compare~ the time 
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FIG. 3. Concentration of wax esters during fasting 
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FIG. 4. Concentration of triglyceride fatty acids during fasting 

of the appearance of the~e change~ in five pa
tients having both types of analyses and in 
whom urface lipid could be obtained for compo
sition analysi~ within a week of the onset of the 
fast. In each individual, lipid campo ition was 
altered in the first week of fasting. Patient ~3 
and 5 had their lipid campo ition measured also 
at 4 hours after fasting was begun, and no 
change could be detected at thi time. An aver
age of two weeks separated the appearance of 
compoRit ion chan(J"e from the decrease in sebum 
production althou(J"h the interval might possibly 
have been as much as a week shorter since 
sebum production tests in this group were done 
only once every other week. In Patient 5, a 
decrea e in sebum production was evident by 

the ninth day. Another patient (~8), not shown 
in the table, showed an even earlier reduction in 
ebum production, i.e. at day 6. 

DISCUSSION 

It is apparent that sebaceous gland activity in 
man decreases under the circumstance of total 
caloric deprivation. The changes in sebum cam
po ition which occur appear to result from re
duced ynthesis of all sebum constituents except 
squalene. That total fasting results in specific in
hibition of the biosynthetic pathway for fatty 
acids, leaving squalene synthesis undiminished, 
would be in agreement with the requirements of 
an organism to subsist in such a situation by 
mobilization of stored aliphatic compounds. 



SEBACEOUS ACTIVITY DURING FASTING 307 

TABLE II 
Lipid composition in 14 fasted patients 

Prefast to day 5 of 
fast 

Fast, day 6 to day 26 
Fast, day 27 to post-

fast, day 5 
Remainder of post-

0 

IX ... ... 
Ill ... 

... 
z 

fast period 

2 .5 

~ 1. 0 

"' :;) 

0 
Ill •• .... ............ . . . • • 

Squa- Wax 
lene esters 
(%) (%) 

13.1 26.6 

20.9 25.1 
23.4 20.8 

14 .9 23 .6 

•• . .. 
• ••• . : .. 

Trig lye-
eride 
fatty 
acids 
(%) 

56.5 

51.0 
52.5 

57.8 

Cho-
lesterol 

and 
cho-

]estero] 
esters 

(%) 

3.8 

2.9 
3.3 

2.2 
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FIG. 5. Ratios of squalene: wax e ter concentra
tion in 23 non-fasted non-obe e subjects. and in 
14 obese patients before and after fasting. Values 
for the fasted state in each patient represent the 
average of all value after th third week of fast
mg. 

Fatty acid synthe is would not be required 
under such circumstances, and the enzymatic ac
tivity of that pathway might be expected to 
decline. Our observations do not support the 
reported finding of a marked reduction of squa
lene synthesis in the preputial glands of starved 
rats, with relatively little alteration in the for
mation of fatty acids (9). They are, however, in 
accord with the demon tration by Kraus that 
nutritional rehabilitation of male alcoholics is 
accompanied in the majority of instances by a 
significant increase in the amount of skin surface 
lipid (10). 

An earlier study has shown that in addition to 
the cholesterol synthesized by epidermal cells, 

cholesterol and chole terol esters are produced in 
proportion to the amount of sebum ~·nthe ized, 
presumably in the ebaceou gland it elf (11). 
Our observation of an apparent decline in cho
lesterol synthe i in the face of undimini hed 
synthe is of the precursor, squalene, invoke the 
po sibility that the cholesterol content of the 
sebaceous gland is not part of the pecific lipid 
accumulation in the cytoplasm of the ebaceous 
cell but is compartmentalized, perhap as a 
structural component. An alternatiYe explana
tion for the selective decrease in cholesterol and 
its e ters might be that the change reflects a 
reduction primarily of epidermal terol~ . How
ever, thi is not likely since with hexane extrac
tion of the urface lipid film, mo"t of the choles
terol on the forehead is of sebaceous gland 
rather than epidermal origin (11). 

The apparent delayed response of sebum com
position to withdrawal and re-institution of food 
does not necessarily argue in fa,·or of a imilar 
delay in the alteration of lipid syntbe~i ~ . It is 
probable that the five or ix day~ \Yhich pass 
before a chanae in composition i ~ observed rep
resents the time between the formation of a par-

TABLE III 
Effect of fa sting on quantitative changes 1'n 

li pid secretion 

Cho-
Tri~lyc- !estero! 

Pa- Squalene Wax en de and 
tient tate (mg) esters fatty cho-

(mg) acid !estero! 
(mg) esters 

(mg) 
--

1 Pre-fas t .75 1.25 2.25 .25 
Fast .71 .76 1.57 .09 

2 Pre-fast .38 1.00 1. 91 .16 
Fast .43 .47 1.10 .08 

3 Pre-fast .27 .80 1.39 .06 
Fast .40 .56 1.02 .04 

4 Pre-fast .20 .44 1.09 .06 
Fast .16 .14 .39 .03 

5 Pre-fast .52 .85 1.92 .09 
Fast .58 .60 1.48 .05 

8 Pre-fast .17 .31 .82 .04 
Fast .09 .07 .26 .01 

9 Pre-fast .11 .28 .65 .03 
Fast .09 .13 .29 .01 

Mean pre-fas t .34 .70 1.43 .09 
Mean fast .35 .39 .87 .04 
Change, mg +.01 -.31 -.56 -.05 

% +2.9% -44.6% -39 .1 o/c -54.8% 



308 THE JOURNAL OF INVESTIGATIVE DERMATOLOGY 

TABLE IV 

Delay in detection of sebum response from 
onset. of fast 

Detection of change, days 

Patient 
Sebum Sebum 

composition production 

1 6 27 
3 8 23 
4 5 20 
5 8 9 
9 7 23 

ticular lipid molecule and it appearance on the 
skin surface. In support of this interpretation, it 
has been ob~erved in sheep that the radioactiv
ity of kin surface lipid attain a sharp maxi
mum ix days after the intradermal injection of 
14C-acetate (12). This would suggest that the 
response of ebaceous lipid synthesis to inanition 
is even more rapid than is suggested by the 
pre ent data. Further indirect evidence for this 
are the reports of Hsia and co-worker who 
found that the in-vitro incorporation of ace
tate-Fie into lipids of excised skin specimens 
wa impaired after a fasting period of only 1R 
hours in man (13) and 24 hours in rats (14). 
However, it is not known whether the site for 
such activity was the sebaceous gland. 

Of speculative interest is our observation of a 
time lag between the onset of detectable changes 
in lipid composition and that of the change in 
the rate of ebum secretion. It is conceivable 
that the mea urements of sebum production are 
influenced by the size of the follicular reservoir. 
The reduction in sebum synthesis would lead to 
shrinkage in size of the sebaceous glands and to 
a decrease in the amount of sebum within the 
follicular reservoir, but these latter changes 
might be effected more slowly because of the 
nature of the method used to measure sebum 
secretion. 

The mechani m whereby tarvation leads to 
decreased lipogenesis i not known. Numerous 
metabolic alterations occur during fasting 
(15-19), and it has been stressed that the hy
poinsulinemia which starvation induces may be 
largely re ponsible for modulating many of these 
adaptive re ponses ( 17, 19). Changes in steroid 
metaboli m have been de cribed, including de
crea. ed urinary excretion of 17 -ketosteroids 
(20-25) and virtual disappearancP. of urinary 

dehydroepiandrosterone sulfate, androsterone 
sulfate and other solvolyzable conjugates from 
the urine (26). Since the prime and direct stim
ulus for sebaceous gland activity is androgenic, 
these ob ervations suggest dimini hed androgen 
levels as a possible cause. However, it has been 
reported that the plasma concentration of tes
tosterone in obese men fasted for average peri
ods of 40 days remains unchanged (27). 

It might be argued that the decrease in seba
ceous gland activity could have been due to the 
patients' sedentary state during the period of 
fasting and weight reduction. However, certain 
observations in four of the patients would seem 
to negate this possibility. One patient (Table I, 
~8) had sebum production measured eight days 
after re-feeding while t ill hospitalized, and 
showed sebum recovery to near the pre-treat
ment level. Three of the four patients who un
derwent more than one fasting t rial remained in 
the hospital in the interim, and in each case the 
sebum composition, which was altered during 
starvation, returned to normal after re-feeding 
and prior to the next fast. 

One may also question whether the observed 
changes in sebum synthe is would from a nutri
tional point of view occur only in obese subjects 
under the unusual conditions of a total fast. 
However, there i some evidence from other ob
servations we have made that such rigorous cri
teria are not essential for these effects to take 
place. In a survey of a large group of normal 
young adults, the sebum analyses of two non
obese women showed squalene:wax ester ratios 
of 0.90 and 1.06, characteristic of the effect of 
starvation (see Fig. 5). On inquiry it was deter
mined that both women had maintained a low
calorie diet for several weeks prior to testing. 
Thus, it is possible that minor as well as major 
alterations in nutritional status may be detecta
ble by the analysi of the skin urface lipids. 

The authors wish to thank George F. Cahill, Jr., 
M.D., Oliver E. Owen, M.D., Phili~ Felig, M.J?. 
and Errol Marlis . M.D., at the Ellwtt P. Joslm 
Research Laboratory and Harvard Medical School, 
for allowing us to study their patients. 
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