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The feeding of excess carbohydrate to 
some (but not all) patients with marked hy- 
per-pre-beta lipoproteinemia [ Frederickson 
Type IV, (1) 3 further elevates their plasma 
concentration of pre-beta, or Sf 20-400 
lipoproteins (2 ,  3 )  and concomitantly ele- 
vates their plasma triglyceride (TG) level 
(4, 5 ) .  More recently some observers (6) 
have suspected that it is the simple, not the 
complex sugars, which cause these elevations. 
Many of these hypertriglyceridemic pa- 
tien ts, besides possessing a carbohydrate- 
sensitive lipoprotein metabolism, also appear 
to possess a carbohydrate-sensitive insulin 
metabolism, in that they exhibit an exagger- 
ated insulin response to a glucose load (7 ,  8). 
Similar effects are rarely seen when young 
normotriglyceridemic subjects of either sex 
are given large amounts of either simple or 
complex sugars (9). Thus i t  is possible that 
the ingestion of carbohydrate by carbohy- 
drate-sensitive hypertriglyceridemic patients 
may aggravate an already existing abnormali- 
ty which, initially, may not have been caused 
by carbohydrate ingestion. 

In  view of this possibility, we thought it 
important to study a group of otherwise 
healthy subjects who exhibited only a moder- 
ate hypertriglyceridemia, of possible relative- 
ly recent origin. We were especially inter- 
ested in determining what effect, if any, a 
severe restriction in dietary simple sugars 
would exert upon their plasma concentrations 
of cholesterol, pre-beta lipoprotein, TG, and 
upon their insulin response to a glucose load. 
The results of this study are given below. 

Aided by grants from the National Institutes of 
Health, National Heart Institute, HE-001 19 and 
HE-03429, and The Tarrant County Heart Associa- 
tion. 

Methods. A .  Selection of mbjects. We se- 
lected 6 healthy firefighter officers (av. age: 
45 years) whom we had observed previously 
(10) and who exhibited a moderate pre- and 
postprandial hypertriglyceridemia and a 
prominent pre-beta lipoprotein band ac- 
cording to the criteria of Lees and Hatch 
(11). None of the six, however, had shown 
either an abnormal fasting or 2-hr postpran- 
dial plasma glucose level (10). Finally 3 of 
the 6 subjects were judged by us to exhibit a 
moderate form of Behavior Pattern A2. The 
remaining three subjects were less well 
defined in that they exhibited elements of 
both Behavior Pattern Types A and B. 

For control subjects we selected 10 men of 
similar age who also were apparently healthy 
and who exhibited the completely developed 
form of Behavior Pattern Type B (12) .  Men 
with this behavior pattern were chosen for 
controls because we believe, for reasons pre- 
viously discussed ( 13), that the serum lipid 
levels usually observed in Type B subjects 
should be considered as relatively “ideal” 
normal values. Five of these 10 controls also 
were firefighter officers and the remaining 5 
were accountants or clerks. 

Data concerning the age, height, weight, 
and reported amount of physical activity 
were obtained from all 16 subjects. Table I 
shows the mean values of these general char- 
acteristics. 

2 Behavior Pattern A i s  a complex of certain per- 
sonaIity attributes and mannerisms suggesting the 
presence of an incessant and excessive struggle against 
the exigencies of time or against the competitive 
efforts of other persons. Individuals exhibiting this 
type of behavior pattern have been found (12) to be 
more prone to occurrence of clinical coronary 
heart disease than persons exhibiting a converse sort 
of Behavior Pattern (Type B). 
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TABLE 1. The Geiier;il Cliaracterist-ics of tlic 
Hyperlipeiiiic :mcl Normolipeniic Subjects. 

~- ~~ 

Hyperlipeniic Norniolipemic 
subjects (6) subjects (10) 

Age (years) 
M e m  45 

S E M  k 1 . T  

Mean I -  

Range (69-75) 
SE hl k 0 . 0  

Meal  227“ 
Range ( 190-3 0 0) 
SEM -c15 

M e m  +23 
Range (7-55) 
SEM L 6 . 4  

Mean 4.3 
Range (0-14) 
SEM k 2 . 5  

Range ( 3 9-5 1) 

Height (in.) 
? ‘ ) I 1  

W t  (11)) 

% Ideal weight 

Exercise (hr/week) 

45 
(29-54) 

5 1 . 9  

69 
(68-71) 

5 0 . 5  

170 
(155-183) 

&3.7 

+I4 
(6-24) 
2 2 . 2  

4.1 
(0-20) 
21.9 

a The inem of the liyperlipemic subjects is sig- 
nificantly greater ( p  < O . O l )  than that of the con- 
trol normolipemic subjects. 

B .  Dietary changes. Each of the 6 hyper- 
triglyceridemic and the 10 control subjects 
was asked to record his daily intake of food 
and beverages for 7 consecutive days. These 
food diaries were given to a dietitian (Evelyn 
Piercy) who calculated the average daily 
total caloric intake as well as the intake of 
protein, fat (saturated and polyunsaturated), 
carbohydrate (simple and complex sugars), 
chlolesterol, and alcohol. 

Several weeks later each of the six hyper- 
triglyceridemic subjects was instructed to 
avoid consumption of simple sugars by elimi- 
nating from his diet not only table sugar but 
also all pastries, jellies, preserves, honey, sy- 
rups, beer, ale, soft drinks, wine, milk, ice 
creams, fruits (fresh or canned), white 
bread, and certain vegetables (e.g., beets, 
green peas, and sweet potatoes). The subjects 
ingested this sugar-poor diet for 60 days. 

C. Serum cholesterol and lipid studies. A 
preliminary “triglyceride tolerance test” was 
done on the 6 hypertriglyceridemic and the 

10 control subjects prior to the beginning of 
the sugar-poor diet. Thus all 16 subjects 
fasted for 13 hr preceding 8:OO a.m. of the 
test day, a t  which time they ingested a liquid 
meal containing 85 g of fat (13). We ob- 
tained blood samples before, and then 4, and 
9 hr after the ingestion of the test meal. The 
fasting samples were analyzed for cholesterol 
according to the method of Martinek ( 14). 

The pre-beta lipoprotein content of these 
same fasting samples were obtained as fol- 
lows: One pl of the serum was subjected to 
electrophoresis in a thin agarose gel film (An- 
alytical Chemists, Inc.) for 30 min at  120 V, 
1 5  mA. After 10 min in acetic acid solution 
(107&), the lipoproteins on the gel were heat 
fixed and dried for about 20 min in a convec- 
tion oven until they were solid. They then 
were stained in a working solution of Fat Red 
7B for 60 min at  room temperature. This 
solution was freshly prepared for each run by 
mixing 5.0 vol of stock stain solution (0.95 g 
of Fist Red 7B/1000 ml of alcohol, (J. T. 
Baker Co. reagent grade) with 1.5 vol of 
deionized water. The final pH of the solution 
was adjusted to 11.0-11.5 with a few drops of 
1 N NaOH and then filtered through What- 
man No. 42 filter paper. After staining, the 
excess dye was removed with a rinsing solu- 
tion consisting of 5 vol of reagent grade alco- 
hol and 3.0 vol of deionized water. Finally 
the agarose film was air-dried and scanned in 
a densitometer. The results are expressed as 
percentage of pre-beta lipoproteins in the to- 
tal stainable unstaurated lipids. The post- 
prandial samples were analyzed only for their 
TG content by the method of Van Handel 
and Zilversmit (15). 

The triglyceride tolerance test was re- 
peated twice more in the six hypertrigly- 
ceridemic subjects, first after they had been 
ingesting the special diet for 30, and again 
after 60 days. 

D. Glucose tolerance and plasma insulin 
studies. All 16 subjects, before the initial 
glucose tolerance and insulin study, were 
asked to and did, eat daily approximately 75 
g of sugar in the form of Hershey bars, for 2 
days, in addition to their regular diet. Then, 
after an overnight fast, each was given 100 g 
of glucose dissolved in cold water and lemon 
juice. Blood samples were obtained before 
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TABLE 11. The Regular and Special Daily Dietary Intakc of Hyperlipemic Subjects. 

Regular diet" Special diet" 

Hyperlipemic subjects Normolipeinie subjects Hyperlipernic subjects 
Food intake (6)  (10)  ( 6 )  

Total calories 
Mean 
Range 
SEM 

Protein 
Mean 
Range 
SEM 

Total f a t  
Me an 
Range 
SEM 

% of total calories 
Mean 
Range 
SEM 

Saturated f a t  
Mean 
Range 
SEM 

Vnsaturated f a t  
Mean 
Range 
SEM 

% of total calories 
Mean 
Range 
SEM 

Total CHO 
Mean 
Range 
SEM 

% of total calorics 
Mean 
Range 
SEM 

J'Po1ys:wcli:~ritiea 
Mean 
Range 
SEM 

Simple sugars 
Mean 
Range 
SEM 

Yo of total calories 
Mean 
Range 
SEM 

2375 
(20 70-29 71) 

?I62 

405 
( 2 52 -524) 

+33 

932 
(666-1611) 

+135 

38.7 
( 32.2-54.2) 

k1.8 

763 
(594-1368) 

2 1 1 0  

169 
(45-30G) 

*42 

7.1 

5 1 . 5  

695" 
(508-888) 

& 66 

39.2b 
(19.2-38) 

5 1 . 8  

462 
(276-696) 

-1-73 

233 
(96-332) 

-+ 44 

9.8 
(4 .(j-l5.5 ) 

21.8 

( 2.1-1 1.0) 

2509 1716O 

-el80 2 137 
( 17 5 1-3 69 5 :) (1257-2302) 

42 5 
(360-643) 

+51 

1000 
(603-1546) 

*95 

39.8 
( 3 I. 3-45.7 ) 

k 1 . 3  

811 
(495-13 78) 

2 7 7  

159 

3 2 8  
(54-369) 

6.3 
( 3.1-12.7) 

k1.1 

935 
(649-1184) 

*52 

37.4 
(24.7-47.3) 

5 2 . 5  

633 
( 432-9 32) 

2 4 5  

302 

k 3 2  
(98-536) 

13 
(3.9-18.8) 

k1 .9  

352 

+26 
( 2 ti 8-449 ) 

781 

*98 
( 5 41-1 19 1.) 

44.9 
( 3 9.6-51.5 ) 

21.5 

630 
(3641088) 

+83 

151 
(103-232) 

+19 

9.0 
(6.8-14.1) 

k 1 . 4  

412O 
( 2 7 7-52 3) 

2 4 3  

24.8 

t 8 . 8  
(16.6-36.4) 

317 

+ 42 
(167-489) 

96O 
(29-118) 
t 13 

5.50 
( 2.3-6.8) 

2 0 . 6  
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TABTIE I1 (continued) 

Begular diet” Special diet” 

Hyperlipeiriic subjects Pu’orniolipeniic subjects Ryperlipemic subjects 
I’ood intake (6) (10) ( 6 )  

Alcohol 
Mean 3 4 3 b  149 

SEM -+GG 2 5 8  

Mean 488 552 
Range (380-764) (375-773)  
SEM 2 5 7  -+ 52 

Range (0-516) (0-594) 

Cholesterol (mg) 

171 
(0-408) 
- + 57 

543 
( 2 55-852) 

2 8 5  

a All values denote calories esccpt those desicri1)ing cholesterol intake. 
Mean is significantly diffcrent ( p < 0 . 0 2 )  from the corresponding value found in control 

Mean is significantly l a s  (p<O.O1) tl ian thc corresponding value found in these same pub- 
normolipemic subjects. 

jects while ingesting regular diet. 

and 30, 60, and 120 min after the sugar had 
been taken. These samples were analyzed for 
glucose according to the method of Marks3 
(16) and for insulin by the immunoassay 
method of Hales and Randle4 ( 1 7 ) .  

The glucose and insulin study was re- 
peated in the 6 hypertriglyceridemic subjects 
after they had been on the sugar-poor diet 
for 30 and 60 days. After these 2 studies 
were done, the subjects continued to ingest 
their usual sugar-poor diet plus 7 5  g of sugar/ 
day for an additional 2 days and then the 
same study was repeated. 

Results. A .  Comparison of regular and 
sugar-poor die.ts consumed by the hyperlipe- 
mic subjects. As Table I1 indicates, the aver- 
age caloric intake as well as the intake of pro- 
tein, fat (both saturated and unsaturated), 
and cholesterol of the 6 hyperlipemic sub- 
jects was approximately the same as that of 
the 10 control Type B subjects. The hyper- 
triglyceridemic subjects, however, appeared 
to ingest significantly less total carbohydrate 
and more alcohol than the control subjects. 

The 6 hyperlipemic subjects ingested sig- 
nificantly less total calories per day (see Ta- 
ble 11) while taking the sugar-poor diet. 
These same subjects also drastically reduced 

Reagents were supplied as “Biochemicatest” by 

Reagents were supplied by Amersham Ltd., 
C. F. Boehringer & Soehne. 

Ruckinghamshire, England. 

their consumption of simple sugars (from 233 
to 96 calories/day). Although a fall in total 
fat consumption occurred, the percentage of 
the total caloric intake ingested as fat in- 
creased significantly because of the drastic 
reduction in intake of sugars. The subjects 
lost an average of 9 pounds at  the end of the 
first 4 weeks of the sugar-poor diet. However 
they lost an average of only 3 additional 
pounds at  the end of the second +week 
period. 

B .  Effect of the sugar-poor diei on serum 
cholesterol, pre-beta lipoproteins and “trigly- 
ceride tolerance” test. The average serum 
cholesterol (265 mg/100 ml) of the 6 hyper- 
lipemic subjects did not change significantly 
(see Table 111) after 60 days of eating the 
sugar-poor diet. 

The elevated average serum pre-beta 
lipoprotein concentration (34% of total unsat- 
urated lipids) of the 6 hyperlipemic subjects 
decreased to a normal value (17.4%) after 
being on the sugar-poor diet for 30 days (see 
Table 111). No further decrease however 
took place after an additional 30 days of this 
diet. 

The average fasting serum triglyceride 
level (253 mg/100 ml) of the 6 experimental 
subjects which, prior to the special diet, was 
significantly greater than that (60 mgJlO0 
ml) of the control subjects, dropped (see 
Table 111) to an average level of 129 mg/lOO 
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ml after they had ingested the sugar-poor diet 
for 30 days. This level decreased somewhat 
more after an additional 30 days had elapsed, 
to reach a value almost within the upper 
range of normal as calculated from the values 
observed in the 10 control normolipemic 
subjects (Le., the average mean of these lat- 
ter subjects plus 2 x SD). 

The average 4-hr postprandial serum 
triglyceride level (252 mg/100 ml) of the ex- 
perimental subjects dropped somewhat (see 
Table 111) 30 days after beginning the spe- 
cial diet but a significant fall ( p  < O . O l )  oc- 
curred in these subjects only after they had 
ingested the sugar-poor diet for 60 days. 
However, their 4-hr level a t  this latter time 
still was significantly greater than that of the 
10 control subjects (on their usual diets). 

No significant decrease occurred in the av- 
erage 9-hour post-prandial serum triglyceride 
level of the 6 experimental subjects either 
30 or 60 days after they had begun to ingest 
the sugar-poor diet. 

C. Eflect of the  special diet on glucose 
tolerance and plasma insulin levels. No essen- 
tial change (see Table 111) was observed in 
the average, or in the individual, fasting and 
postprandial blood glucose values of the 6 
hyperlipemic subjects either 30 or 60 days 
after ingesting the sugar-poor diet. Likewise, 
the results of the fourth glucose toIerance test 
(preceded by the ingestion of supplemen- 
tary glucose) were approximately the same as 
those observed in the preceding three tests. 

Following the ingestion of 100 g of glucose, 
the 6 hyperlipemic subjects showed a signifi- 
cantly higher average plasma insulin level 
than the controls (see Table 111). Employing 
157 p-units/ml as the maximal normal value 
for the 60-min postprandial level (Le., the 
mean value of the control subjects plus 2 X 
SO), 5 of the 6 hyperlipemic subjects ex- 
hibited at  60-min postprandial insulin con- 
tent above normal. The one subject who did 
not exhibit this hyperinsulinemic response 
was the same subject whose 2-hr postprandial 
glucose was 186 mg/100 ml. As might be ex- 
pected, the average peak insulin values and 
the average insulin secretion/Z hr were simi- 
larly elevated in the hyperlipemic subjects. 

Ingestion of the sugar-poor diet for either 

30 or 60 days did not normalize the average 
increased postprandial plasma insulin levels 
of the hyperlipemic subjects. Actually, their 
average 1- and 2-hr postprandial serum in- 
sulin levels significantly increased (see Table 
111) both after 30 and 60 days of the sugar- 
poor diet. 

Discussion. Current interest in carbohy- 
drate-induced (or perhaps more correctly 
stated, carbohydrate-aggravated) hypertrigly- 
ceridemia is partially sustained by the fact 
that many, if not the majority, of coronary 
patients exhibit this type of lipemia (6, 18) 
regardless of whether an abnormal glucose 
tolerance is present or not. In  the present 
study, a drastic restriction in the ingestion of 
simple sugars was accompanied by a moder- 
ate weight loss, particularly during the first 4 
weeks. These dietary changes led to a rela- 
tively rapid normalization of the previously 
elevated serum pre-beta lipoprotein levels and 
also a modest diminution of the hypertrigly- 
ceridemia. Similar changes in these lipid frac- 
tions following reduction in the intake of 
simple sugars also have been observed by 
previous investigators (19, 20). Since no sig- 
nificant weight loss occurred in some of these 
studies, it seems likely that despite the mod- 
erate weight loss which occurred in our sub- 
jects, it was the reduced intake of simple 
sugars that was chiefly responsible for the 
lipid changes which took place. This belief is 
supported by the fact that after the first 
month of the diet, very little weight loss 
occurred in our subjects but the serum lipid 
levels decreased even further. 

Despite the serum lipoprotein and trigly- 
ceride reductions effected by the sugar-poor 
diet, no significant change took place in the 
average serum cholesterol levels of the 6 ex- 
perimental subjects. Rifkind et al. (20) also 
noted that, although improvement in the 
serum lipids of their subjects occurred after a 
reduced ingestion of simple sugars, their 
serum cholesterol levels remained relatively 
unaffected. Stare ( 2 1 )  as well as Szanto and 
Yudkin (22)  also did not observe any alter- 
ation in the serum cholesterol of their pa- 
tients following manipulation of their carbo- 
hydrate intake. Indeed only Kuo and Bassett 
(19) have reported a significant reduction in 
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the serum cholesterol of hyperlipemic pa- 
tients following reduction in the intake of 
simple sugars. However, their study indicates 
that they not only reduced the sugar content 
of their subjects' diets, but also substituted 
polyunsaturated for saturated fats. 

The present study also clearly indicates 
that the dietary changes, regardless of their 
effect upon certain serum lipid values, had no 
effect in normalizing a previous hyperin- 
sulinemic response to a glucose load. As Ta- 
ble I11 suggests, the hyperinsulinemic re- 
sponses of our subjects worsened during the 
ingestion of the sugar-poor diet. In this same 
connection it is of interest that while Szanto 
and Yudkin ( 2 2 )  were able to increase the in- 
sulin level of some of their subjects by ad- 
ministering excess sucrose, they were not able 
to diminish the serum insulin level of any of 
their subjects by restricting sucrose intake. 

Summary. The intake of simple sugars of 6 
moderately hyper t riglyceridemic, hyper- 
cholesterolemic subjects was reduced for 60 
days. This restriction led to a moderate 
weight loss, a normalization of their previous- 
ly elevated pre-beta lipoprotein levels and a 
moderate decrease in their pre- and postpran- 
dial hypertriglyceridemia. The elevated se- 
rum cholesterol and pre- and postprandial 
serum insulin levels were not normalized by 
the dietary change. 

King for their technical assistance. 
The authors thank Roberta Neuman and Marshon 

1. Frederi'ckson, D. S., and Lee, R. S., Circulati'on 

2. Gofman, J. W., Amer. J. Cardi.01. 1, 271 (1958). 
31,321 (1965). 

3. Bierman, E. L., Porte, D., Jr., O'Hara, D. D., 
Schwartz, M., and Wood, F. C., Jr., J. CEn. Invest. 
44, 261 (1965). 

4. Hatch, F. T., Abell, L. L., and Kendall, F. E., 
Amer. J. Med. 19, 48 (1955). 

5. Ahrens, E. H., Jr., Hirsch, J., Tsaltas, T. T., 
Blomstrand, R., and Peterson, M. L., Lanlcet 1, 943 
(1957). 

6. Kuo, P. T., Amer. Med. Ass. 201, 87 (1967). 
7. Farquhar, J. W., Frank, A., Gross, R. C., 

and Reaven, G.  M., J. Clin. Invest. 45, 1648 (1966). 
8. Nestel, P. J., Metabolism 15, 787 (1966). 
9. Kuo, P. T., Trans. Ass. Amer. Physicians 78, 9'1 

10. Friedman, M:, Rosenman, R. H., and Byers, 

11. Lees, R. S., and Hatch, F. T., J. Lab. Clin. 

12. Friedman, M., and Rosenman, R. H., J. Amer. 

13. Friedman, M., Byers, S. O., and Rosenman, R. 

14. Martinek, R.  G.,  Clin. Chem. 11,495 (1965). 
15. Van Handel, E., and Zilversmit, D. 'B., J. Lab. 

16. Marks, V., Clin. Chim. Acta 4,395 (1959). 
17. Hales, C. N., and Randle, P. J., Biochem. J. 

18. Tzagournis, M., Chiles, R., Ryan, J. M., and 

19. Kuo, P. T., and Bassett, D. R., Ann. Intern. 

20. Rifkind, B. M., Lawson, D. H., and Gale, M., 

21. Stare, F. J., Amer. J. Clin. Nutr. 20, 149 

22. Szanto, S., and Yudkin, J., Postgrad. Med. J. 

(1965). 

S. O., J. Clin. Endocrinol. Metab. 28,1773 (1968). 

Med. 61, 518 (1963). 

Med. Ass. 169, 12186 (1959). 

H., J. Amer. Med. Ass. 193, 882 (196.5). 

Clin. Med. 50, 152 (1957). 

88, 137 (1963). 

Skillman, T. G.,  Cinculation 38, 1156 (1968). 

Med. 62, 1199 (1965). 

Lancet 2, 1379 (1966). 

(1967). 

45, 602 (1969). 

Received May 18, 1970. P.S.E.B.M., 1970, Vol. 135. 


