


Phospholipid

C holesterol/ Phospho.
lipid Ratio

vld

mg. % a 13 1d13 vld

Remarks

12.3

±0.9

7.5
±0 3

0.45

±01

0.4:3
± .01

1.33

±.04

1.32

± 02

1.28

±12

1.34

± 10

0.68

±0:3
Mean value and standard error for eighteen normal men

0.69

± .02
Mean value and standard error for seven postmenopausal women

273

153

221

88

234

1:31;

84

19

82

89

I 10

66

63

42

51

45

50

43

40

:32

:31

19

9’)

12

I 9

:35

:33

.1

96

53

18

7

35

19

65

19

40

�1

10

8

2

21

17

9

11

12

6

8

21

89

74

17

65

95

47

:31

125

274

144

251

25

17

9

14

:30

22

20

:38

19

49

.17

0.53

0.35

0.47

0.46

0:38

0.26

0.25

0.46

0.31;

0.51

0.31

0:34

0.29

1 .63

1.41

1 .11

1 .37

1 .57

1 .15

1 . 5:3

1.47

1.22

1 . 19

1 .02

1.26

0.80

1 .63

I .40

1.72

1.35

1.35

1 .47

1.11

1 . 57

1 .51

1 .37

1 .09

1.20

I .08

Weight
(kg.)

I 05

77

80

75

77

112

107

97

87

80

82

70

Ia;

72

0.86

1.38

1.12

0.57

1 .52

1.26

0.98

0.74

1 .02

0.91

1.12

0.79

I .24

Postoperative hypothyroidism ; no thyroid treatment;

mean of three studies

Hypothyroidism since I” treatment nine months previ-
ously; no thyroid treatment ; mean of four studies

Spontaneous hypothyroidism; no thyroid treatment; mean
of three studies

Tni-iodothyronine 25 to 100 sg./d. for forty days; mean of
four studies

Spontaneous hypothyroidism; rio thyroid treatment; mean

of two studies

Spontaneous hypothyroidism ; no thyroid treatment ; mean
of two studies

Tni-iodothyroacetic acid for sixteen days, 2 to 4
mg./d.

Mean of three sena obtained between day 44 and 78 of treat-

ment at 4 mg./d.

Spontaneous hypothyroidism; no thyroid treatment;
mean of four studies

Thyroid, U.S.P. 300 to 180 mg./d. for thirty-six months;

mean of three studies
Thyroid, U.S.P. 180 mg./d. continued for an additional four

months; mean of two studies
Spontaneous hypothyroidism ; no thyroid treatment;

mean of three studies

Tri-iodothyronine 50 to 100 �sg./d. for thirty-two days;

mean of three studies
Hyperglyceridemia; mean of two studies

XII

roidism

% of serum value)
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i3 ld13

mg � #{182}�!. � mg %

89.9 37.8 7.9� 3.1 28.5

±4.7±1.2�±0.7�±0.3±2.5

96.9 36.1� 11.1 4.1 20.0

±5.3 ±1.1�±1.1 ±0.4 ±1.0

jects. Jones, Cohen and Corbus45 found similar

increases in /3 and 1df3 lipoproteins in the serum

of seventeen patients with hypothyroidism

and little or no reduction in a lipoprotein

concentrations in comparison with hyper-

thyroid subjects. Kunkel and Slater,34 em-

ploying starch or zone electrophoresis, reported

a low a lipoprotein peak in one patient with

hypothyroidism. Jones45 noted a higher �3

lipoprotein concentration in hypothyroid sub-

jects than in subjects with primary hyper-

cholestenolemia. Malmros and � also

noted increased fi lipoprotein concentrations in

hypothyroidism. Thyroid administration

caused diminution in � lipoprotein cholesterol

and increase in a lipoprotein cholesterol.46’47

Data representative of the serum lipid and

lipoprotein patterns in serum hypothyroid

subjects are presented in Table xii. It is

evident that hypothyroidism is associated

with a ‘ ‘hyperbetalipopnoteinemia’ ‘ similar to

that seen in primary hypercholesterolemia

(Table ix). Of great interest is the finding

that an impressive number of hypothyroid

subjects are hyperglycenidemic as well as

hypercholestenolemic (e.g. , subjects C.J. and

MC.) and one is tempted to postulate two

types of hypenlipidemia secondary to hypo-

thyroidism , i.e. , a hypercholesterolemic-hyper-

glyceridemic type (subject MC.) and a
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TABLE

Neph-

Serum Lipids (mg. per 100 ml.) Lipoprotein Lipid per 100 ml. of Serum (mg. and

Sub-
ject

Sex and
Age
(yr.)

Cholesterol

�

Total Free

(mg.) (mg.)

Phos-
pho-

lipid

(mg.)

C/P
Ratio

Tn-

glyc-
enide

(mg.)

FFA

(�Eq./

.)

Cholesterol

._________
a�

mg. �

a�
mg. %

$

mg. %

Id 13�
mg. � %

Idv

mg. �

ER.

J.F.

S.S.

P.W.

SM.

o.w.*

M, 12 to

55

F, lSto

40

M, 12

F, 18

M,40

M,44

F, 13

74.47

202

±8

194

±13

867

508

361

209

683

481

254

361

769

437

50

±2

49

±4

203

124

97

49

194

160

66

119

237

157

241

±7

231

±11

709

480

337

231

577

481

276

384

557

449

0.84

±02

0.84

±02

1.22

1.05

1.07

0.91

1.19

1.00

0.91

0.95

1.40

0.98

102

±7

63

±4

274

271

178

97

280

223

200

651

1101

968

622

±82

807

±58

429

210

991

50.0�

±2.8

53.4

±5.4

89

58

49

47

50

67

41

28

12

31

25.5 120.8

±1.6±7.4

27.6121.9

±2.2 ±9.4

11 601

13 304

13 232

22 130

7 328

13 3.55

15 129

8 72

2 147

7 45

59.9 9.6 5.0� 19.4

±1.9±0.9±0.5�±1.8

62.9� 9.0 4.8 9.5

±1.9 ±1.1 ±0.6 ±1.4

72 46 5 100

66 31 7 66

63 22 6 65

60 10 5 27

79 39 6 53

71 5 1 77

49 :31 12 63

20 39 11 224

20 75 10 510

10 43 10 � 316

9.9

±0.7

5.2

±0.7

12

14

18

13

8

� 15

� 24

61

68

73

111 .6 47.3

±4.1±1.4

116.0 51.2

±7.2 ±1.8

161 � 23

135 29

112 34

109 47

121 � 21

159 � 33

, 92 35

83 23

46 8

115 25

S ‘� Essential hyperlipemia” (see Table iv).

hypercholesterolemic-normoglyceridemic type

(subject G.C.). While the severity of the

hypothyroidism does not appear to be a factor

of significance ill relation to the presence or

absence of hyperglyceridemia, the cause and

duration of the hypothyroid state may be

relevant, since in our experience the presence of

hypenglycenidemia has been limited to subjects

with primary spontaneous hypothyroidism

wherein the secretion of the thyroid gland may

be qualitatively modified as well as diminished

in amount. One cannot exclude the factor of

time, however, since primary hypothyroidism

is often insidious in onset and extant for many

years prior to clinical recognition and/or

specific therapy.

The presence or absence of hyperglyceri-

demia is of considerable importance at this

time since the hypocholesterolemic effect of

androstenone in hypothyroid subjects reported

by Hellman et al.43 has been shown by studies

reported from this laboratory31 to be due

mainly to reduction in vld lipoproteins and

chylomicrons which follows androsterone ad-

ministration to euthyroid and hypothyroid

subjects alike when these very low density

lipids are present in excessive amounts.

Androstenone is essentially without effect on

serum lipids and lipoproteins, other than for a

weak “testosterone-like” action, when the

concentrations of vld lipoprotein and chylo-

microns are normal.

The serum lipoprotein distribution in hypo-

thyroid subjects in whom hyperglyceridemia as

well as hypercholesterolemia is present re-

sembles that noted in hyperglyceridemia of

either primary or secondary type (Table xii,

subject M.C. compared with OW. and Table

XIII, subject SM. compared with OW.).

In comparing hypercholesterolemia second-

any to hypothyroidism with primary hyper-

cholesterolemia, one notes that the lipid
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XIII

rosis

% of serum value)

Cholesterol/Phospho-

lipid Ratio

a 13 ld$ vld

Remarks

.
Mean value and standard error for eighteen normal men

Phospholipid

13

mg. %

ld$

mg. %

vld

mg. %

89.9

±4.7
37.8

+1 .2
7.9

±0.7
3.4

±0.3
28.5

±2 5

12.3

±0.9

0.45

± .01

1.33

± .04

1.28

± . 12

0.68

± .03

85.8

±7. 1

383

220
152

88

351

240

90

71

133

56

37.8

±2. 1

54

48
46

38

63

50

:33

19

25

12

7.8

±1 2

36

20
14

7

28

3

21

38

68

40

3.7

±0.7

5

4
4

3

5

1

8

10

13

8

16.2

±1 .6

123

85
53

28

60

79

58

178

289

254

7.5

±0.8

18

19
16

12

1 1

16

22

48

54

55

0.45

± .02

0.55

0.43
0 . 44

0.43

0 . 41

0.42

0.45

0.34

0.25

0.29

1.43

± .03

1 .57
1 .38
1 . 53

1 .47

1 . 51

1 .48

1 .43

1 .01

1 . 10

0.80

1.28

± .20

1 .29
1 .59
1 . 57

1 .43

1 . 38

1 .64

1 .48

1 .03

1 . 11

1 .08

0.60

± .08

0.82
0.78
1 . 18

0.96

1 . 04

0.96

1 .09

1 .26

1 .76

1 .24

Mean value and standard error for eleven premenopausal women

weight
(kg.)

66

54
63

61

64

70

60

58

60

72

Nephrotic syndrome five years with relapse one week
Increased prednisone therapy for two weeks
Nephrotic syndrome foi six months; improving but persistent

albuminuria; mean of three studies

Further improvement three months later; no corticoid
medication ; no albuminuria

Nephrotic syndrome for three years; prednisone 20 mg./d.

for three days

Renal biopsy membranous nephritis”; increased prednisone
therapy for two months

Mild nephrotic syndrome one year; no recent medication;

renal biopsy “membranous nephnitis’ ‘ ; mean of two studies

Chronic glomerulonephnitis with nephrotic syndrome since
age five; no recent corticoids; mean of three studies

Serum obtained three months later during exacerbation;
no specific medication

Hyperglycenidemia; mean of two studies

content of the a lipoprotein fraction in hypo-

thynoidism, while quite variable, is often less

than that noted in primary hypercholestero-

lemia, while the lipid content of the ld$ and

vld fraction is usually greater. This difference

is related to the degree of hyperglyceridemia

accompanying the hypothyroidism and is

most marked when hyperglyceridemia is severe.

The FFA levels are not remarkable in

hypothyroidism.

The administration of thyroid or derivatives

(H.S., C.J. and MC.) restored serum lipids

and lipoproteins to a more normal pattern.

Serum cholesterol and phospholipid levels

diminished and the C/P ratio decreased to

values within normal limits. This reduction

in serum lipid was due mainly to reduction in

the lipid content of 1d�3 and vld fractions and,

to a lesser degree, of the �3 fraction (H.S. and

MC.). Thus the per cent of the serum lipid

found in the $ fraction increased while the per

cent of the serum lipid in the ldfl and vld

fractions decreased. Since no change in the

lipid content of the a lipoprotein fraction

occurred as other serum lipid values fell, the

per cent of the serum lipid found in this fraction

increased (Table xii).

HYPERLI PIDEMIA SECONDARY TO NEPHROSIS

Increased serum concentrations of cho-

lesterol and phospholipid (with increased C/P

ratio) are characteristic of the nephrotic

syndrome4952 and are noted in a high per-

centage of patients early in the course of acute

glomerular nephritis.53 Increased serum tn-

glyceride levels and serum lactescence are not

uncommon. Barr, Russ and Eder54 noted

absolute and relative decrease in the cholesterol

content of Cohn fractions IV + V + VI

( a lipoproteins) and increase in fractions I +

III (fi lipoproteins) in the plasma of twelve

nephrotic subjects. Increased concentrations
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of Sf 0-12 (fi) 12-20 (ld$), 20-100 and 100-400

(vld) lipoproteins were noted by Gofman et

al.9 in thirteen patients with the nephrotic

syndrome (eleven of whom were under seven

years of age) ,and paper electrophoretic studies

by Bossak55 indicated marked increases in

neutral fat and f� lipoprotein, decreased al

and 112 lipoproteins. Havel, Eden and Bragdon2

and Baxter, Goodman and Havel56 noted

increase in d < 1.019 g/ml. and/or d> 1.019 <

1 .063 g/ml. lipoprotein fractions in nephrotics.

In the more severe cases the d < 1.019 g/ml.

fraction was increased, the � lipoproteins

normal on nearly so, a lipoproteins diminished.

Serum FFA levels are within normal limits but

an increased proportion of FFA bound to

lipoproteins has been observed.57 Nye and

Waterhouse58 recently reported increased serum

lysolecithin and sphingomyelin levels and

decreased lecithin levels in sera from nephrotic

subjects. This serum abnormality was at-

tributed to an abnormal phospholipid com-

position of the d > 1.019 < 1.063 g/ml. lipo-

protein fraction alone.

Lipid and lipoprotein data derived from

studies in five patients with nephrosis are

presented in Table xiii. Inspection of these

data reveals that when marked hyperglyceri-

demia is present (subject SM.) the distribution

of cholesterol and phospholipid among the

lipoprotein fractions is the same as that noted

in other subjects with primary or secondary

hyperglyceridemia. The serum lipid and

lipoprotein data from subject O.W. with

primary hypenglycenidemia (Table iv) are

reproduced in Table xiii for comparison with

those from subject S.M. with nephnosis.

(Note also Table xii, subjects M.C. and O.W.)

The similarity of patterns is striking.

In nephnotic subjects with little elevation

of serum triglyceride (subject J.F.) or only

moderate elevation (subject E.R.) a much

smaller percentage of serum cholesterol and

phospholipid is found in the vld fraction,

although the actual content of lipid in this

fraction may be considerable (subject E.R.),

and a larger percentage is found in the a

lipopnotein fraction than in subjects with

hypenglycenidemia (Table xiii). The lipid

and lipoprotein patterns return toward normal

as the nephrosis subsides. In the absence of

marked hyperglyceridemia, the phospholipid

and cholesterol content of the a lipoprotein

fraction may be increased, although the per

cent of the serum lipid found in this fraction

is diminished.

The pattern of lipid distribution in the

nephrotic subject in the absence of marked

hypenglyceridemia resembles that of subjects

with primary hypencholesterolemia or hyper-

cholesterolemia without hyperglycenidemia see-

ondary to hypothyroidism. As is the case

in hypothyroidism, a lipoprotein lipid tends to

be less and vid lipoprotein lipid greater, with

increasing serum triglyceride levels. Our

studies of the serum lipid and lipopnotein dis-

tnibution agree well with those of Baxter,

Goodman and HavelM who suggest that mild

to moderate nephrosis is associated with in-

crease in d > 1.019 < 1.063 g/ml. (�3) lipo-

proteins and that, as the syndrome becomes

more severe, d < 1.019 g/ml. lipoproteins and

triglycerides increase in quantity and

lactescence appears. At this stage $ lipo-

proteins diminish to or below normal values.

Rosenman, Byers and Friedman59 have sug-

gested that triglyceride accumulation, due to

a disturbance of the lipoprotein lipase mech-

anism, leads to passive accumulation by “trap-

ping” of cholesterol and phospholipid in the

blood. The effect of sonic forces on the lipo-

protein distribution in hyperglyceridemic, hy-

percholesterolemic serum from nephrotic sub-

jects is similar to that noted in serum from

subjects with primary hyperglycenidemia.

SUMMARY AND CONCLUSIONS

The serum lipids (total and free cholesterol,

phospholipids, free fatty acids and tn-

glycenides) and lipoproteins have been studied

in normal subjects of both sexes and in patients

with a variety of hypenlipidemic disorders

including primary (“essential,” familial) hy-

percholesterolemia, primary hyperglycenidemia

(“essential,” familial hyperlipemia) and hyper-

cholesterolemia and hyperphospholipidemia

(with or without associated hyperglycenidemia)

secondary to diabetes, von Gierke’s disease,

chronic biliary obstruction, hypothyroidism

and nephrosis. The major lipoprotein com-
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We wish to acknowledge the technical assistance

provided by Emma Lou McDearmon, B.S., Alice W.

ponents of the serum were separated by pre-

parative ultracentrifugation at solvent den-

sities of 1.006, 1.019, 1.063 and 1.21 g/ml.

after which the cholesterol and phospholipid

content of these serum lipoprotein fractions

was determined.

The distribution of the serum lipids among

the four major lipoprotein fractions of the

serum is described in subjects with these dis-

orders as well as the response of these lipids

and Iipopnoteins to certain therapeutic measures

in several subjects.

The in vitro exposure of serum to sonic

oscillation is introduced as a potentially useful

new tool in the study of the serum lipids.

Healthy men and postmenopausal women

have significantly higher triglyceride concen-

trations and greater amounts of cholesterol

and phospholipid in the d < 1.006 g/ml.

fraction (very low density $ lipoproteins and

chylomicrons) than do premenopausal women.

The ratio of a to �9 lipoprotein lipid, although

lowest in young men, is not significantly dif-

ferent in one group from another. The degree

of esterification of cholesterol in the several

lipoproteins is found to increase with increasing

density of the lipoprotein.

In hyperglyceridemia great amounts of

cholesterol and phospholipid (as much as 90

pen cent of the serum values) are found in the

d < 1 .1)06 g/ml. lipoprotein fraction, mainly

in association with chylomicrons, and the

lipid content of the d > 1.063 g/ml. (a lipo-

protein) fraction is decreased. Exposure of

such serum in vitro to sonic forces diminishes

the amount of cholesterol and phospholipid in

the d < 1 .006 fraction and increases the liquid

content of the a lipoprotein fraction, suggesting

an associal.ion of a lipoproteins with very low

density /3 lipoproteins and chylomicrons in

this disorder.

The lipoprotein abnormality characterizing

hypenglyceridemia is similar in primary and

secondary types.

The excess serum cholesterol and phospho-

lipid in primary (‘ ‘essential”) hypencholesterol-

emia are present in the d > 1.019 < 1.063

g/ml. (�3 lipoprotein) fraction while the lipid

content of the a lipoprotein fraction is usually

normal.

The hypenlipidemia associated with hypo-

thynoidism is noted to be of two types : one

in which serum triglyceride levels are elevated,

the other in which they are normal. In the

nonhyperglycenidemic type a ‘ ‘hyperbeta-lipo-

proteinemia” is noted similar to that seen in

primary hypercholesterolemia.

The hypencholesterolemia of the nephrotic

state, as is the case in hypothyroidism, may or

may not be accompanied by hypenglyceridemia.

In the absence of hypenglyceridemia the pattern

of the serum lipid distribution resembles that

seen in primary hypencholesterolemia or hyper-

cholestenolemia (without hyperglycenidemia)

secondary to hypothyroidism.

The serum lipoprotein pattern characterizing

hypencholesterolemia with marked hypergly cen-

idemia secondary to hypothyroidism or

nephrosis is similar to that of other primary

and secondary hypenglyceridemic states. The

lipid content of the a lipoproteins tends to be

diminished, while that of the d < 1.006 g/ml.

fraction (very low density $ lipopnoteins and

chylomicrons) tends to be increased, to a

degree reflecting the magnitude of increase in

serum triglyceride levels.

In chronic biliary obstruction there are ex-

cessive amounts of cholesterol and phospho-

lipid, especially the latter, in the d > 1.019 <

1.063 g/ml. (“i3 lipoprotein”) fraction and

moderate to marked diminution of a lipo-

protein lipids. The in vitro exposure of serum

from subjects with biliary obstruction to sonic

forces causes a marked diminution in choles-

terol and phospholipid content of these “fi

lipoproteins” and a comparable increase in

the content of these lipids of the d > 1.063

g/ml. (“a lipopnotein”) fraction. This sug-

gests an association of high density lipoproteins

with the abnormal “fi lipoproteins” characteniz-

ing the hypercholesterolemia and hyperphos-

pholipidemia of chronic bilary obstruction.

Serum free fatty acid levels do not appear to

be abnormal in any of these diseases c.hanac-

tenized by abnormal serum lipids and lipo-

proteins.
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