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ABSTRACT 

T h e  e f fec t  on l ipoprotein metabolism o f  a 2-week modif ied fast  and an  im- 

mediately ensuing 3-week per iod  o n  a vegetar ian d ie t  was studied under  meta- 

bol ic ward  condit ions in 21 non-obese female and 6 male patients. T h e  v e r y  low 

calorie d ie t  induced reduct ions o f  t he  cholesterol concentrat ion in al l  serum 

l ipoprotein classes. In the  female patients, who were a l l  normolipoproteinaemic, 

t he  t r ig lycer ides  in serum showed a s l i gh t  increase during the  fast, re f lec t ing  

small changes in v e r y  low (VLDL)  and low dens i ty  l ipoprotein t r ig lycer ides .  

T h i s  may probab ly  b e  explained p a r t l y  by simultaneous signi f icant reduct ions 

o f  bo th  the  adipose t issue and  skeletal muscle t issue l ipoprotein lipase act iv i -  

t ies (LPLA). In contrast ,  in the  male pat ients who had  a h ighe r  VLDL level a t  

admission, t he  VLDL t r ig lycer ides  decreased w i thout  s ign i f i can t  changes o f  

high dens i ty  l ipoprotein (HDL)  cholesterol and o f  LPLA in muscle. 

T h e  female patients, whose weights were stable during the  vegetar ian diet ,  

ended up w i th  a lower HDL cholesterol than a t  t h e  s t a r t  o f  t he  t r ia l .  T h i s  

effect was probab ly  p a r t l y  due  t o  the  high content o f  polyunsaturated f a t t y  

acids in t h e  vegetar ian diet. 

It i s  concluded tha t  the  changes o f  l ipoprotein metabolism during supple- 

mented fas t ing  are  quant i ta t i ve ly  and  qual i tat ively d i f f e ren t  in several respects 

in females and  males. 

INTRODUCTION 

The  repor ted  ef fects o f  low-calorie diets on  the  l ipoprotein pa t te rn  have 

var ied  considerably. Fo r  example decreased (241 I unchanged ( 2 8 )  a n d  in- 

creased (22) levels o f  high dens i ty  l ipoprotein (HDL) cholesterol have a l l  been 
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found during t h i s  treatment. T h e r e  i s  a need f o r  elucidat ion o f  t h e  reasons f o r  

these discrepancies. We have ca r r i ed  o u t  an  invest igat ion on  t h e  ef fects o f  a 

supplemented fast  and  an  ensu ing  pe r iod  o n  a vegetar ian d ie t  on  the  c l in ical  

condi t ion in pat ients w i th  d i f fe ren t  diseases ( 1 2 ) .  T h e  present  repo r t  deals 

w i th  t h e  l ipoprotein changes t h a t  were observed in th i s  g r o u p  o f  non-obese 

females and males u n d e r  metabolic w a r d  condi t ions during t h e  supplemented 

fast. In addit ion, analyses of l ipopro te in  lipase act iv i t ies gave an  oppor tun i t y  

f o r  mode o f  act ion studies. Some aspects o f  t h e  changes tha t  occur red  during 

t h e  per iod on  t h e  vegetar ian d ie t  a re  also repor ted  and discussed. 

MATERIALS 

Subjects 

Twenty-seven patients, 21 females 

(one female, one male) deter iorated 

AND METHODS 

and  6 males, were studied. Two subjects 

c l in ical ly during t h e  fas t ing  per iod and  

in te r rup ted  t h e  treatment t r ia l .  T h e  mean age of t h e  women was 46 years and 

o f  t h e  men 41 years  ( ranges  24-64 a n d  23-55, respect ively) .  E igh t  pat ients had  

psoriasis w i th  a r th r i t i s ,  4 had rheumatoid a r th r i t i s ,  one had spondy la r th r i t i s  

deformans, one had  lupus  erythematosus disseminatus, 4 had  pustulosis pal- 

maris e t  p lantar is,  3 had  atopic eczema, 3 had  acne rosacea and  3 had a non- 

specif ic a r th r i t i s .  None o f  t h e  pa t ien ts  was febri le. One was be ing  t rea ted  w i th  

cort icosteroids in a low, constant dose. Treatment w i th  o the r  anti- inf lammatory 

d r u g s  was kep t  constant th roughout  t h e  t reatment period. For  f u r t h e r  informa- 

t ion  concerning t h e  cl in ical  condi t ions and  o ther  detai ls see (1  2 ) .  

Experimental Procedure 

T h e  whole s t u d y  was ca r r i ed  o u t  u n d e r  metabolic ward  condit ions. D u r i n g  

the  f i r s t  day  t h e  o rd ina ry  hospi ta l  d ie t  was given. A f t e r  t h e  second day's tes t  

t h e  pat ients were g i ven  the  vegetar ian d ie t  a t  a low energy  level  (5.0 MJ/day) 

f o r  2 days. They  then  fasted f o r  11 days, during which time on ly  vegetarian 

beverages and herba l  teas were g i ven  (0.9 MJIday).  A f t e r  t h e  fast  was b roken  

the  energy  in take  was gradua l ly  increased during t h e  f i r s t  3 days  (1 .1 ,  1.7 

and  2 .6  MJ/day) ,  a f t e r  which it was ad jus ted  according t o  t h e  pat ient 's body  

weight (150 and 130 k J / k g  b o d y  we igh t  f o r  males and  females respect ively)  

aiming a t  a stable body  weight during t h e  last  2 weeks. 

O n  admission, cl inical examinations and laboratory tests were performed o n  

t h e  f i r s t  and second days. A l l  studies made on admission were repeated a t  t h e  
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end o f  t h e  fast  and a t  t h e  end o f  t h e  vegetarian d ie t  period. A l l  tests were 

car r ied  o u t  in t h e  morning a f te r  an  ove rn igh t  fast. 

Diets 

D u r i n g  the  fas t ing  per iod vegetar ian beverages and herbal  teas were g i ven  

eve ry  2 t o  3 hours.  T h e  beverages were made f rom d i f fe ren t  roo t  vegetables, 

such as beetroot, car ro ts  and  potatoes, and from b lueber r ies  and strawberr ies.  

A 7-day menu was used th roughou t  t h e  vegetar ian d ie t  period. T h e  com- 

posit ion o f  t h e  food was calculated from food tables (13).  The  fa t  content and 

composition were analysed as descr ibed ear l ier  (27). A l l  animal p ro te in  (meat, 

f ish, egg, mi lk )  was excluded, wh ich  made the  d ie t  ra the r  low in pro te in  

content (Table 1). T h e  energy  de r i ved  f rom fa t  and carbohydrates was per -  

centual ly similar t o  tha t  in o rd ina ry  Swedish food (Tab le  1).  T h e  vegetar ian 

d ie t  was based on  f resh  vegetables, roo t  vegetables, millets, lent i ls  and buck- 

wheat. Sunf lower oi l  ( w i t h  a high content o f  polyunsaturated fa t t y  acids) was 

used in dress ings  etc. T h e  average ra t i o  o f  polyunsaturated t o  saturated f a t t y  

acids (PIS-rat io)  was 4.3 - + 0.3 (mean - + SD). No e x t r a  sal t  o r  sugar  was 

allowed. T h e  on ly  simple carbohydra tes  avai lable were in t h e  be r r i es  and f r u i t s  

t ha t  were included; these were permit ted in a control led and l imi ted amount. 

T h e  average f i b re  content was 21.5 - + 1.9 g/4.2 MJ. 

Tab le  1 

Contents o f  Protein, Fa t  and Carbohydrates Calculated pe r  1 . O  MJ in Grams 

and as Per Cent  o f  Total  Energy  (E%) . 

O r d i n a r y  Swedish 
Vegan d ie t  Swedish diet*  nu t r i t i on  

recommendat ion 
content E% content E% E% 

5.5+0.5 9 7.6 13 10-15 Protein - 
10.5+0.5 42 10.3 40 <35 - Fat 

Carbohydra te  29.9+1.2 51 27.5 48 50-60 - 

*J A g r i c u l t  Econ 42:7-8, 1980 ( food balance sheet). 
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Statist ics 

A 3-way analysis o f  variance was used t o  d i f fe ren t ia te  between the  inf luen- 

ces o f  sex, t reatment and  indiv iduals on the  resul ts.  Results a re  expressed as 

mean - + SEM. Signi f icant changes are  indicated by * = p<0.05, ** = p<O.O l  and  

*** = p<O.OOl.  When a change was d i f f e ren t  in females and  males, this i s  

indicated in the  f i gu res  by # followed by the  sign f o r  t he  level o f  s igni f i -  

cance. 

Laboratory Procedures 

A detai led descr ip t ion  o f  t h e  analysing procedures f o r  l ipoproteins and 

apolipoproteins has been publ ished prev ious ly  (26). In summary, v e r y  low 

dens i ty  l ipoproteins (VLDL)  in serum were isolated from t h e  top  fract ion a f te r  

u l t racent r i fugat ion  a t  a dens i ty  o f  1.006 in a Beckman LKB-65 u l t racent r i fuge,  

us ing  a 40.3 ro to r .  Low densi ty l ipoproteins (LDL)  were precipi tated from the  

bottom f rac t ion  a f te r  t he  u l t racent r i fugat ion  step us ing  a heparin-manganese- 

chlor ide solution, and HDL were isolated from the  supernatant a f te r  the  pre- 

cipitat ion. T h e  concentrat ions o f  t r ig lycer ides  and  cholesterol were determined 

in whole serum, VLDL, HDL and the  bottom fract ion. T h e  lipid concentrat ions 

in LDL  were calculated as the  di f ferences between the  concentrat ions in the  

bottom f rac t ion  and  HDL. A Technicon Au to  Analyzer It was used f o r  deter-  

mination of  t r ig lycer ides  and cholesterol ( 1 8 ) .  T h e  concentrat ions o f  apolipo- 

p ro te in  (apo) B a n d  apo A-I in whole serum were determined by a n  electro- 

immunoassay technique. Detai ls o f  these analyses and o f  t he  ant ibody pro- 

duction, pur i f i ca t ion  and  standardization have been presented (26). 

Specimens o f  abdominal adipose t issue and  o f  t he  lateral  vas tus  muscle were 

taken and  used f o r  determination o f  LPLA as ear l ier  descr ibed (9 , lO)  w i t h  

s l i gh t  modifications. T h u s  a t r io le in-phosphol ip id emulsion (1 1 ) and  a hepar in  

concentrat ion o f  2 g / l  (about 240 IU/ml )  were appl ied f o r  bo th  adipose and  

skeletal muscle tissue. The  ac t i v i t y  i s  expressed in mU/g  (1  mU = 1 nmol f a t t y  

acid released p e r  min). 

RESULTS 

A l l  pat ients were o f  normal body  weight (relat ive body  weight <1.30) a t  

admission. T h e  body  weight (Fig. 1) decreased s ign i f i can t ly  in bo th  sexes by 

about 10% during the  2-week fast. D u r i n g  the  subsequent vegetar ian d ie t  

per iod  it did n o t  change signi f icant ly.  However, some o f  the young  men did 

n o t  reach a new stable body  weight during the  last  2 weeks. 
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Fig. 1 : Body we igh t  in women and  men 
on admission, a f t e r  a 2-week vegetar ian 
fast  and a f te r  a 3-week vegetarian diet .  
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The  serum cholesterol concentrat ion (Fig.  2a) decreased during t h e  fast  and  

in t h e  women it remained a t  t h e  lower level until t h e  end  o f  t h e  vegetar ian 

diet.  The  pa t te rn  was similar among t h e  men, but t h e  decrease also cont inued 

during the  vegetar ian d ie t  period. 

T h e  serum t r i g l yce r ide  concentrat ion (Fig.  2a) changed in d i f f e ren t  ways 

among t h e  women and the  men (p<0.05). In t h e  women it increased s l i gh t l y  

during t h e  fas t  but re tu rned  t o  pretreatment values during the  vegetar ian d ie t  

period. In t h e  men the  in i t ia l  value was 1.9 2 0.1 (mean SEM). A f t e r  t h e  

vegetar ian d ie t  it was 1.2. This value was close t o  t h a t  found in women (1.1 

0.11. 

In VLDL (Fig.  2b) ne i ther  t h e  cholesterol no r  t h e  t r i g l yce r ide  concentra- 

t ions changed s ign i f i can t ly  in t h e  women during e i ther  period. However, women 

and  men d i f f e red  signi f icant ly w i t h  rega rd  to t h e  ef fects o n  VLDL during the  

fast, mainly due t o  t h e  fact  t h a t  in t h e  men bo th  cholesterol and t r ig lycer ides  

in VLDL decreased in parallel, whereas in t h e  women t h e  V L D L  t r i g l yce r ide  

concentrat ion tended t o  increase. 

In L D L  (F ig .  2c) t h e  cholesterol concentrat ion decreased during the  vege- 

ta r ian  d ie t  per iod  in bo th  sexes fol lowing a reduc t ion  (s ign i f i can t  among 

women) during t h e  fast. D u r i n g  t h e  fas t ing  per iod  t h e  L D L  composition 

changed towards a t r i g l yce r ide  enr ichment re la t i ve  t o  cholesterol (s ign i f i can t  

among women). 

In HDL (Fig.  2d) the  pretreatment cholesterol concentrat ion was h ighe r  in 

females t h a n  in males. It decreased s ign i f i can t ly  among women f rom 1.5 t o  1.1 

mmol l l  during t h e  fast. The  concentrat ion a t  t h e  end  of  the vegetar ian diet 

per iod  (1.2 mmol/l) was s ign i f i can t ly  lower (p<O.Ol) than the  in i t ia l  value. In 

males t h e  pa t te rn  was similar t o  t h a t  in females, but t h e  changes were less 

pronounced. 
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Fig. 2: Cholesterol and tr ig lycer ide concentrations (mmolll) in serum, in 
VLDL, in LDL and in HDL. 

The serum apo B concentration (Fig. 3a) showed similar reductions in 

women and men, wi th  a pronounced reduction during the vegetarian diet period 

in both sexes, but small and non-significant reductions during the fast. 

The serum apo A-I and A- I l  concentrations (Fig. 3a) altered in similar 

ways. In women they decreased during the fast and then increased during the 

vegetarian diet period to  levels that  were not significantly d'ifferent from those 

at the s tar t  o f  the treatment. In men the changes were similar but less pro- 

nounced. 

LPLA in adipose tissue and skeletal muscle decreased significantly in the 

women during the fast and then increased during the vegetarian diet period 

(Fig. 3b). In adipose tissue ( b u t  not in muscle) the enzyme act iv i ty  was at a 

lower (p<0.05) level a t  the end of  the vegetarian diet than before treatment. 

The change in LPLA was similar in men and women except during the vege- 

tarian diet, when adipose tissue LPLA altered in di f ferent directions in the 

sexes. However, the unstable body weight in some men may have contributed 

to  th is  difference. 
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Fig. 3: Serum apo B, A-I and A- l l  concentrat ions in serum and LPLA in 
adipose t issue and skeletal muscle. Stat ist ics as in Fig. 2 .  

DISCUSSION 

The  ef fects o f  d i f ferent low calorie diets on l ipoprotein metabolism have 

been studied in several investigations, but t h e  resul ts have var ied  consider- 

ably. Th i s  is probably due to  the  fact  t ha t  many factors a re  important f o r  t he  

f indings. For example it may be suggested tha t  t he  resul ts d i f f e r  between 

sexes ( 2  a n d  present s tudy) ,  between hyper -  a n d  normo-lipoproteinaemic 

subjects ( 8 ) .  and between v e r y  low and low calorie diets ( to  be published). In 

addit ion, d i f f e ren t  leng th  o f  t h e  s t u d y  per iod  have been shown t o  inf luence 

the  resul ts (24) .  The  condit ions in the  present s tudy  d i f f e r  in some respects 

from those in most others. Thus, none o f  t he  pat ients was obese. Women were 

in the  major i ty (21/27) and were normolipoproteinaemic. On ly  2 o f  t he  male 

patients had hyperl ipoproteinaemia t y p e  IV .  

The  l ipoprotein alterat ions in the  6 male patients included paral lel decreases 

in VLDL cholesterol and tr ig lycer ides,  and v e r y  s l ight ,  non-signif icant de- 

creases in bo th  LDL  and HDL cholesterol. 

The  resu l ts  in the  21 females d i f f e red  in several respects from those in the  

males. Thus, t h e  serum t r ig lycer ides  increased signi f icant ly in females but 

decreased non-signif icantly in males. In VLDL, the  pa t te rn  o f  change in tri- 

glycer ides d i f f e red  (p<O.Ol) between the  sexes. The  increases in t r ig lycer ides  

in VLDL (n.s.) and in LDL  (p<O.Ol) in the  female g roup  were similarly large 

and could together have explained the  increase in serum t r ig lycer ides  

(p<0.05). The  lower LPLA in bo th  adipose and muscle t issue a f te r  t he  v e r y  low 

calorie d ie t  (conf i rming (24 ) )  indicates a decreased capacity fo r  per ipheral  

hydro lys is  o f  VLDL. In the  females it is l i ke ly  tha t  the  product ion o f  VLDL 

was normal f rom the  beginning o f  t he  t r ia l .  Higher rates may have been in- 

79 



duced under the influence of  the higher concentrations o f  free fatty acids 

during starvation-induced lipolysis (7 )  but during fasting t r ig lycer ide pro- 

duction is decreased and positively correlated only to the plasma insulin revel. 

not  to the level o f  free fa t ty  acids (23). The fasting insulin concentration 

decreased significantly in the present study ( to  be published). Therefore, it 

seems l ikely that  most o f  the increased level o f  VLDL tr ig lycer ides was due to 

a decreased LPLA and not to an increased production rate o f  VLDL. In con- 

t rast  to the women, some o f  the men, wi th  higher init ial mean tr ig lycer ide 

levels, may have had an increased rate o f  VLDL production already at  the 

s tar t  (17). Furthermore, the i r  decrease in muscle LPLA was less pronounced 

than in the women. These factors may par t ly  explain the observed differences 

between men and women. 

The HDL-cholesterol concentration in the women was normal a t  the s tar t  o f  

the trial. Both the HDL cholesterol and the apo A-I and A- I l  concentrations 

decreased during the fast. Hepatic lipase, which is probably involved in the 

degradation of  HDL in the l iver  (14). is  decreased during fasting ( 1 , 9 ) ,  an 

effect which should lead to an increased HDL level. The reduction in HDL 

(cholesterol and protein) in the female subjects must therefore have been due 

to a lower production rate o f  HDL. It seems l ikely that the rate o f  synthesis o f  

HDL in the intestine is decreased during th is  dietary-fat deprivation, since fat  

stimulates th is synthesis (20). However, the reduced capacity fo r  VLDL-tri- 

glyceride hydrolysis may par t ly  account for  the decrease in HDL cholesterol 

( 2 5 ) .  The male group showed only a small change (n.s.1 in HDL cholesterol, 

but they di f fered from the female group in the i r  pre-tr ia l  level and also ex- 

hibited a smaller change in muscle LPLA, factors which could account for  the 

observed difference in the change in HDL cholesterol. In a group o f  grossly 

obese women subjected to  a 4-week fast o f  a type similar t o  that  in the present 

study, Sorbris e t  al. found an increase in HDL cholesterol (22) .  In the i r  

study the subjects were encouraged to  take pa r t  in regular, extended physical 

activit ies o f  moderate intensity which may have contributed to the increase in 

cholesterol in HDL. 

The results o f  the vegetarian diet period are d i f f icu l t  to interpret ,  owing to 

the design o f  the study. This, however, was adopted from the one used at  

many health resorts in Sweden in an e f fo r t  t o  cr i t ical ly evaluate the claimed 

therapeutic effect o f  such treatments part icular ly in subjects wi th  sk in  and 

joint diseases. This evaluation comprised clinical condition, biochemical changes 

and side effects. Dur ing the vegetarian diet  period, not only the dietary 
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change but also the accomplished reduction o f  body weight may have contri- 

buted to the final lipoprotein values. 

Some young male patients did not conform to  the metabolic ward conditions 

and did not eat the i r  rations of  vegetarian diet and therefore continued to 

decrease in body weight. This fact invalidates any comparisons between female 

and male reactions in this p a r t  o f  the study. In contrast to the males, the 

females maintained a steady body weight during th is  pa r t  of  the study at  a 

lower level than at  the start. The women's post-trial values di f fered signifi- 

cantly in three respects from the i r  pre-trial values, namely in the HDL chol- 

esterol and in the apo B concentrations and the adipose tissue LPLA. O f  

these, the decrease in apo B may par t ly  be related to the lower body weight, 

since LDL cholesterol is lower (5 ,6 ) ,  whereas both HDL cholesterol (4 ,5,16)  

and adipose tissue LPLA (21)  would rather be expected to be at  a higher level 

af ter  a body weight reduction than before. 

The lower HDL-cholesterol value may therefore most l ikely be attributable to 

the vegetarian diet, which would be in accordance with the finding that female 

vegetarians have lower HDL cholesterol levels than female control subjects ( 3 ,  

19 ) .  A substitution o f  polyunsaturated fats for  saturated is associated wi th  a 

decrease in HDL cholesterol (6,261. The ve ry  high P/S rat io in the vegetarian 

diet therefore probably accounted fo r  par t  o f  the change in our study. In 

fact, some o f  the decrease in apo B may also be attributable to the use o f  

polyunsaturated fats in the vegetarian diet (27 ) ,  whereas the decrease in 

adipose tissue LPLA i s  not (27 ) .  
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