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From the time of the early Greek physicians
many observers noted a relationship between the
sedimentation rate of the red cells and the concen-
tration of fibrinogen or " phlegma " in the blood.
However, no detailed studies were made until 1918
when Fahraeus (5) studied the sedimentation rate
in pregnancy and concluded that the increase in
the rate was due to a lowering of the electric
charge on the red cells. Since that time interest
in the subject has been renewed. Numerous in-
vestigators have studied the variations in sedi-
mentation rate that occur in disease and a few
workers have attempted to determine also the fac-
tors underlying these variations. As a result of
these investigations of the past twenty years, the
sedimentation rate has become of definite clinical
value, but there is no general agreement as to the
factors involved in the aggregation and sedimen-
tation of the red cells.

The majority of investigators have corroborated
the long-standing impression that there is a sug-
gestive relationship between the concentration of
fibrinogen and the sedimentation rate. In fact,
despite occasional marked exceptions to an exact
linear relationship between the fibrinogen and the
sedimentation rate, the majority of recent workers
have concluded that the concentration of fibrinogen
determines the sedimentation rate (1, 2, 4, 8, 10,
14, 16). The occurrence of occasional marked in-
consistencies, however, has led a few workers to
conclude that the relationship between fibrinogen
and sedimentation rate is not one of cause and
effect (9, 12, 13).

Various other constituents of the blood, notably
globulin and lipoids, have been suggested as regu-
lating factors in the sedimentation rate of the
red cells. The majority of investigators agree

1 This is publication No. 37 of the Robert W. Lovett
Memorial for the study of crippling disease, Harvard
Medical School.

2The expenses of this investigation were defrayed in
large part by the Commonwealth Fund.

that blood samples with high concentrations of
globulin have high sedimentation rates.

In the course of our studies of the sedimenta-
tion rates and plasma protein fractions in arthritis,
we occasionally obtained marked inconsistencies
in the relationship between plasma proteins and
sedimentation rates, in contrast with the majority
of the findings reported in the literature. Because
of these findings and the lack of agreement as to
the correlation between the plasma proteins and
the sedimentation rate, which is evident from a
survey of the literature, we undertook a more de-
tailed study of the relationship.

The present investigation includes chiefly stud-
ies in various types of arthritis, but it also includes
a few studies in other diseases which produce ab-
normal rates, such as myelomatosis, carcinoma of
lung, malignant lymphoma of Hodgkin's type,
acute lupus erythematosus disseminatus, poikilo-
derma atrophicans vasculare, lymphogranuloma
inguinale, and nutritional edema. The results are
of special significance since they cover both the
sudden and marked changes in sedimentation rates
and in concentration of proteins that occur in
acute infections such as gonorrheal arthritis, and
the more gradual changes in chronic infections
such as rheumatoid arthritis. In conditions in
which the type of reaction is so different, the
chemical changes produced by the infection would
be expected to be different. Whatever the stimu-
lating agent may be which is produced by the in-
fection and which leads to changes in the proteins
and the sedimentation rate, it acts more slowly and
over a longer period of time in a chronic infection
like rheumatoid arthritis. This makes it possible
to study the relationship of the variations in rates
to the variations in the concentrations of proteins
more accurately than in the case of acute infec-
tions. For, in acute infections, the changes are so
sudden and of such magnitude that a superficial
relationship may be apparent but it may be im-
possible to follow the changes closely enough to
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determine the order of occurrence and draw con-
clusions as to the causal relationship.

METHODS

The subjects in this series included patients in the
hospital and ambulatory patients seen in the clinic. The
patients were fasting with the exception of the few
cases indicated in the tables. The blood samples were
withdrawn without stasis from the median basilic vein.
Heparin (product of Hynson, Westcott and Dunning),
in a concentration of 4 mgm. for approximately 4 cc.
of blood, was used as an anticoagulant in the blood sam-
ples for the determination of sedimentation rates. Po-
tassium oxalate, in a concentration of 2 mgm. per cc.,
was used as an anticoagulant in the samples for the
fibrinogen determinations. No anticoagulant was used in
the blood samples for the total protein and albumin
determinations.

The erythrocyte sedimentation rates were determined
by the method of Rourke and Ernstene (15), and cor-
rected for hematocrit readings by the use of their cor-
rection chart. This method, by virtue of the length and
diameter of the tube and by the determination of the
rate during the period of most rapid fall, has been shown
to avoid errors introduced in other methods from pack-
ing, counter flow, and inclusion in the rate of varying
proportions of the initial slow period of aggregation and
subsequent rapid period of settling (10). Furthermore,
this method is the one which was found by Ham and.
Curtis (10) to give a higher statistical correlation with
the fibrinogen content than the Wintrobe, Westergren,
Cutler, or Linzenmeier methods. It was with the use
of this method also that Gilligan and Ernstene (8) and
Ernstene (4) obtained an approximately linear correla-
tion between the sedimentation rate and the fibrinogen
content.

The total protein was obtained by determination of the
total nitrogen by a modified macro-Kjeldahl. The dif-
ference between the total nitrogen and the nonprotein
nitrogen, determined by the method of Folin and Wu
(7), was multiplied by the factor 625 to give the total
protein. The albumin content was determined by the
method of Howe (11), using 22.5 per cent sodium sul-
phate. The fibrinogen content was determined by pre-
cipitation as fibrin by the method of Cullen and Van
Slyke (3) and determination of the nitrogen by diges-
tion and nesslerization.

The following values have been accepted as the upper
limits of normal:

Protein
Albumin
Globulin
Fibrinogen

8.0 grams per 100 cc.

5.5 grams per 100 cc.

3.0 grams per 100 cc.

.350 grams per 100 cc.

RESULTS

The blood samples included in this investigation
were from the following sources: 46 from 8 cases

TABLE I

Relationship of sedimention rate to plasma proteins

Corrected
Case number* sedimen-I Total Alui GobfnFrnotation protein Albumin Globulin Fibgeno-
________rate _ _ _ _ _______I _ _ _ _

I

II
III

IV

1
2

1
2
1
2
3

V
VI

VII
VIII

IX
X 1

2
XI

XII
XIII
XIV 1

2
XV

XVI
XVII

XVIII
XIX 1

2
XX

XXI
XXII

XXIII 1

XXIVt
XXV

XXVIt
XXVII

XXVIII
XXIX
XXX

XXXI
xxXii

XXXIII
XXXIV
XXXV

XXXVI
XXXVII

XXXVIII
XXXIX

2
3

mm.
per

minuk
1.54
1.55
0.37
1.64
1.12
1.95
1.58
1.36
1.24
0.50
1.40
1.27
0.98
0.25
0.34
0.37
0.53
0.92
0.30
0.29
0.80
0.12
1.43
1.83
1.55
1.69
1.63
1.96
0.68
1.14
1.19
0.75
1.77
1.42
1.80
0.12
1.16
0.74
1.52
0.90
0.64
1.86
1.01
0.15
1.40
0.52
1.22
1.46

grams
per

100 cc.

7.77
7.85
7.75
8.63
9.17

10.40
9.45
8.59
7.82
7.10
8.19
8.74
8.28
7.80
7.45
7.12
7.35
7.71
7.70
8.00
7.57
7.07
7.06
8.30
7.91
6.81
8.10
7.98
7.66

10.53
10.36
11.77
12.60

8.39
8.57
3.90
7.35
6.72
6.25
7.62
6.47
7.68
4.18
7.10
7.48
7.84
6.15
7.87

grams
per

100 cc.

4.41
4.85
5.01
4.74
4.95
3.30
3.41
3.64
4.92
4.42
4.95
4.91
4.59
5.00
5.24
4.94
4.24
4.76
5.25
5.06
4.96
4.97
3.84
4.66
4.87
4.36
4.13
4.07
4.51
2.92
2.84
3.35
3.64
3.83
2.81
2.84
4.64
4.42
4.00
5.22
4.45
3.77
2.40
4.62
4.37
5.22
2.99
4.90

grams
per

100 cc.

3.36
3.00
2.73
3.89
4.22
7.10
6.04
4.94
2.91
2.68
3.25
3.83
3.68
2.81
2.21
2.14
3.12
2.95
2.44
2.94
2.61
2.10
3.22
3.64
3.04
2.45
3.97
3.91
3.15
7.61
7.52
8.43
8.96
4.57
5.76
1.06
2.71
2.30
2.25
2.40
2.02
3.91
1.78
2.49
3.12
2.62
3.16
2.98

grams
per

100 cc.

0.575
0.469
0.288
0.652
0.614

0.631
0.366
0.293
0.625
0.375
0.458
0.234
0.256
0.308
0.225
0.338
0.292
0.269
0.658
0.236
0.511
0.850
0.823
0.726
0.568
0.972
0.264

0.306
0.511
0.418
0.313
0.483

0.420
0.335
0.628
0.504
0.373
0.940
0.436
0.289
0.366
0.315
0.631
0.609

* Diagnoses: Cases I through XVI-rheumatoid arthri-
tis; Cases XVII through XXI-gonorrheal arthritis;
Cases XXII through XXVI-myelomatosis; Case XXVII
-nutritional edema; Cases XXVIII, XXXI and XXXVI
-arthritis of unknown origin; Case XXIX-Charcot's
joint; Case XXX-carcinoma of lung with hypertrophic
pulmonary osteo-arthropathy; Case XXXII-degenera-
tive joint disease; Case XXXIII-malignant lymphoma
of the Hodgkin's type; Case XXXIV-chronic glomerular
nephritis; Case XXXV-lupus erythematosus dissemina-
tus; Case XXXVII-poikiloderma atrophicans vasculare;
Cases XXXVIII and XXXIX-lymphogranuloma in-
guinale.

t Patient not fasting.

-L
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of gonorrheal arthritis; 22 from 16 cases of rheu-
matoid arthritis; 7 from 5 cases of myelomatosis;
1 from 1 case of nutritional edema; 1 from 1 case
of carcinoma of the lung with pulmonary osteo-
arthropathy; 1 from 1 case of Charcot's joint; 1
from 1 case of malignant lymphoma of Hodgkin's
type; 3 from 3 cases of arthritis of unknown
origin; 1 from 1 case of degenerative joint dis-
ease; 1 from 1 case of acute lupus erythematosus
disseminatus; 1 from 1 case of poikiloderma atro-
phicans vasculare; 2 from 2 cases of lymphogranu-
loma inguinale, and 1 from 1 case of chronic
glomerular nephritis.

The results given in Table I show that, in gen-
eral, blood samples with high sedimentation rates

1.85 r
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have high concentrations of fibrinogen or of glo-
bulin, in accordance with the findings of numerous
other workers. More detailed analysis of the fig-
ures, however, shows that there are many varia-
tions of greater or lesser degree in the relationship
between the rates and the concentrations of the
protein fractions.

Comparison of the sedimentation rates with the
fibrinogen concentrations (see Figure 1) shows no
clear-cut linear relationship such as that found by
Gilligan and Ernstene (8), and by Hamand Curtis
(10). There is only a suggestion of a linear rela-
tionship and at least one-third of the values are
not consistent with such a relationship. A few of
the inconsistencies may be explained, in part at

0
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FIG. 1. CoRRErLAIoN BETWEENTHE CORRECEDSEDIMENTATION RATE
ANDTHE PLASMAFiBRINOGEN
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least, by abnormally high globulin concentrations.
However, in some of the bloods that show higher
sedimentation rates than would be expected from
the fibrinogen content, the concentration of glo-
bulin is normal.

Comparison of the sedimentation rates with the
total protein, albumin, and globulin concentrations
and with the albumin/globulin ratios shows no
linear relationship. Blood samples with high glo-
bulin contents tend to have elevated sedimentation
rates, but there are even more inconsistencies than
in the relation of fibrinogen concentration to sedi-
mentation rate.

Analysis of individual blood samples shows
clearly the lack of absolute correlation between the
concentrations of fibrinogen and globulin and the
rate of sedimentation of the red blood cells. The
most marked variations are found in Case 5 (a
girl of 15 who had had rheumatoid arthritis for 8
months and had had a recent acute exacerbation
of joint symptoms). The corrected sedimentation
rate rose to 1.24 mm. per minute, although the con-
centration of fibrinogen and of globulin remained
at the upper limits of normal. Furthermore the
results in Case 22 indicate that increased concen-
trations of fibrinogen or of globulin do not neces-
sarily increase the sedimentation rate. With prog-
ress of the disease (myelomatosis) the fibrinogen
increased from 0.306 to 0.511 gram per 100 cc.
and the globulin from 7.5 to 8.43 grams per 100
cc., but the sedimentation rate dropped from 1.19
to 0.75 mm. per minute. In this case a 67 per cent
rise in fibrinogen and a 12 per cent rise in globulin
were associated with a 27 per cent fall in sedi-
mentation rate.

Further evidence of lack of absolute correlation
between the sedimentation rates and the fibrinogen
and globulin concentrations is found in the follow-
ing cases: Case 3 in which a 32 per cent drop in the
sedimentation rate was associated with a slight fall
(6 per cent) in the fibrinogen and a slight rise (4
per cent) in the globulin; Case 6 which showed a
slight elevation in sedimentation rate with normal
globulin and fibrinogen concentrations; Case 10
which showed a normal sedimentation rate with a
fibrinogen concentration of 0.469 gram per 100 cc.

In order to study more thoroughly the correlation
between plasma proteins and sedimentation rates,
and to determine, if possible, whether the changes
in protein precede or follow the alterations in

sedimentation rate, auccessive determinations were
made in 3 cases of gonorrheal arthritis during
periods of clinical change. (The patients were re-
ceiving sulfanilamide.) The results are shown in
Table II and Figure 2. The curves for fibrinogen

TABLE II

Relaionship of sedimentation rate to plasma proteins

Corrected
Camenumber* badimen- Total IAbumIn Globulin Fibrino.

Casenum tation protein gen
rate

XL It
2
3t
4
S
6
7
8t
9

10
11
12
13
14
15

XLI 1
2
3
4
S
6
7

CLII 1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18

mm.
per

minute
1.73
1.19
1.28
1.34
1.43
1.23
0.86
0.83
1.12
0.65
0.62
0.73
0.72
0.68
0.53

1.75
1.35
1.36
0.43
0.25
0.18
0.28

0.75
1.12
0.89
0.75
0.68
0.72
0.71
0.67
0.65
0.43
0.52
0.61
0.42
0.43
0.38
0.68
0.37
0.30

grams
per

100 cc.

7.67
7.96
7.38
7.22
7.48
7.57
7.39
7.39
7.66
7.24
7.50
7.29
7.19
7.56
7.65

7.41
6.95
6.90
6.78
6.51
6.20
6.83

7.24
7.09
7.07
7.11
7.03
7.00
7.24
7.31
7.10
6.91
6.82
6.87
6.77
7.13
7.24
6.89
6.57
6.80

grams
per

100 cc.
4.85
5.25
4.74
4.38
4.52
4.65
4.39
4.27
4.97
4.55
4.81
4.75
4.55
4.86
5.23

3.98
3.91
3.87
3.91
3.78
3.77
4.59

4.23
4.51
4.30
4.57
4.41
4.42
4.64
4.58
4.35
4.52
4.45
4.49
4.55
4.56
4.78
4.73
4.35
4.70

grams
per

100 cc.

2.83
2.71
2.64
2.84
2.96
2.91
3.00
3.12
2.69
2.69
2.69
2.55
2.63
2.70
2.42

3.43
3.05
3.04
2.87
2.72
2.43
2.24

3.01
2.57
2.77
2.54
2.62
2.58
2.60
2.72
2.75
2.39
2.36
2.39
2.22
2.57
2.47
2.16
2.22
2.11

grams
per

100 cc.
0.688
0.638
0.625
0.721
0.610
0.558
0.559
0.564
0.494
0.415
0.375
0.469
0.446
0.440
0.317

0.792
0.834
0.662
0.458
0.375
0.277
0.230

0.497
0.580
0.521
0.513
0.527
0.479
0.521
0.500
0.471
0.447
0.361
0.399
0.356
0.348
0.359
0.418
0.383
0.341

* Diagnosis in these 3 cases: gonorrheal arthritis.
t Patients not fasting.

concentration and sedimentation rate show the
same general trend, but they are not superim-
posable. Changes in sedimentation rate did not
consistently precede or accompany changes in
either fibrinogen or globulin. For example, in
Case 34 there was first a 26 per cent drop in sedi-
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mentation rate with a 5 per cent rise in fibrinogen,
and then a 20 per cent drop in fibrinogen with no

change in sedimentation rate. Similarly, in Case
33, a 30 per cent drop occurred in sedimentation
rate with no change in the fibrinogen concentration.

The fact that the curves for fibrinogen, globulin
and sedimentation rate show moderate correlation
but are not superimposable indicates that the
changes represent a direct response of all factors
(fibrinogen, globulin and sedimentation rate) to
the stimulating agent, rather than a response of
one indirectly because of a change in one of the
other factors.

Further experiments were undertaken to prove

that changes in sedimentation rates are not neces-

sarily associated with changes in the concentrations
of any of the plasma proteins. The pH of one

portion of a sample of heparinized blood was

changed by addition of acid or alkali without sig-
nificant alteration in the concentration of the pro-

teins. The sedimentation rates of the two por-

tions were then determined. The determinations
of sedimentation rates were not done on blood
taken under oil because of the difficulty in prevent-
ing errors in the rates due to the oil, and because
of the fact that the pH at the time of the deter-
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mination was the significant value rather than the
pH of the blood as drawn. Colorimetric deter-
minations of pH with various indicators were

made. It was found possible to change the pH
approximately 0.5 in either direction without caus-

ing clotting or hemolysis. When the pH was al-
tered by acetic acid there were no significant
changes in the corrected sedimentation rates (Ta-
ble III). The uncorrected rates decreased but

TABLE III

Efect of acetic acid *

Case number sedimentation Hematocrit ApproHimate
rate

mm. per minute per cent
I at 0.99 42.0 7.8

bt 0.89 43.0 7.4

II a 1.01 42.0 7.8
b 0.99 44.0 7.6

III a 1.24 42.0 7.8
b 1.17 43.5 7.4

IV a 1.21 34.5 7.8
b 1.18 40.0 7.0

V a 1.30 41.0 7.8
b 1.39 43.5 7.4

VI a 0.76 36.5 7.6
b 0.69 40.0 7.0

VII a 0.65 46.0
b 0.72 48.5

* Acetic acid concentration approximately 0.01 N.
t a indicates original sample, b indicates sample to

which acid has been added.

there was an associated increase in the hematocrits.
By adding solid sodium carbonate to a concentra-
tion of 0.1 or 0.2 per cent, there were marked
changes in the corrected rates, a decrease in 3
cases and an increase in 1 case. The uncorrected
rates were approximately equal in 2 cases but
there was a coincident change in the hematocrits so

that the corrected rates were very different (Table
IV). Even more conclusive results were ob-
tained when sodium hydroxide was added. The
uncorrected rates and the hematocrits both de-
creased so that the corrected rates in the alkaline
samples were much lower than those of the original
samples. Thus, marked changes in sedimentation
rates were produced without any change in the
concentration of the proteins.

TABLE IV

Effect of alakli *

Corrected
Case number sedimentation Hematocrit Approxmate

rate p

mm. per minute per cent
VIII at 0.74 34.0 7.5

bt 1.68 30.5 8.0

IX a 0.70 41.5 7.5
b 0.48 37.5 8.0

X a 1.98 39.0 7.5
b 0.45 31.5 8.0

XI a 0.66 40.5 7.5
b 0.35 30.0 8.0+

XII a 0.69 36.0 7.5
b 0.30 32.0 8.0

XIII a 1.91 39.0 7.5
b 1.50 35.5 8.0

XIV a 1.45 34.5 7.5
b 1.08 31.5 8.0

XV a 1.46 44.5 7.5
b 1.86 40.0 8.0

XVI a 1.25 41.0 7.5
b 0.78 37.5 8.0

XVII a 0.89 38.0 7.5
b 0.49 33.5 8.0

* Sodium carbonate (0.1 per cent) in Cases VIII and
IX; sodium carbonate (0.2 per cent) in Cases X and XI;
sodium hydroxide (approximately 0.01 N) in Cases XII
to XVII.

t a indicates original sample, b indicates sample to which
alkali has been added.

DISCUSSION

The numerous instances of lack of correlation
between the erythrocyte sedimentation rate and
the concentration of any of the plasma-protein
fractions make it seem unlikely that an exact
causal relationship exists.

In vitro experiments have proved that an in-
creased concentration of fibrinogen or of globulin
in any individual plasma does increase the sedi-
mentation rate of the red cells in that plasma (2,
6, 14, 18). Fibrinogen has been found to have a
greater effect than globulin. Albumin, on the
other hand, has been found to have no effect or to
decrease the rate. Such in vitro results, however,
do not prove that increased concentrations of fibri-
nogen and globulin always cause increased rates
in tivo, or that increases in these substances are
the causes of the increased rates found in various
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diseases. Coburn and Kapp (2), in their in sitro
experiments, found that the sedimentation rates
with added protein were never so high as those
of the untreated sera with the same protein
concentrations.

A concept with which all of the findings are

consistent is that variations in sedimentation rate
are due to variations in the physical state of the
plasma colloids, with consequent changes in the
electric charges on the proteins and red cells.
With this hypothesis it is possible to explain the
usual relationship between the concentration of
fibrinogen and the sedimentation rate and also to
understand the inconsistencies found by most
workers. This theory also explains why so many

factors have been found to influence the sedimen-
tation rate.

The above concept is in accord with the original
theory of Fahraeus (5). He concluded that vari-
ations in sedimentation rate were due to changes
in the magnitude of the electric charge on the red
cells.

It is important to emphasize the fact that the
results indicate that the stimulating agents pro-

duced in disease cause a change in the colloidal
state of the plasma and a resulting increase in the
sedimentation rate. They may coincidentally in-
crease the fibrinogen or globulin, and any such
change in the concentration of individual colloids
naturally affects the colloidal state of the plasma.
However, our results and those of other workers
prove that the change in colloidal state and the
resulting increase in rate may occur without any

change in the concentration of fibrinogen or glo-
bulin. In other words, the agents may work
partly through an increase in fibrinogen or glo-
bulin, or they may change the colloidal state with-
out any change in the concentration of the proteins.

SUMMARY

1. The erythrocyte sedimentation rates and the
plasma-protein fractions were determined in 89
blood samples from various diseases.

2. No absolute correlation was found between
the sedimentation rate and any of the plasma-
protein fractions. At least one-third of the find-
ings were not consistent with a linear relationship
between the fibrinogen concentration and the sedi-
mentation rate.

3. In successive determinations during periods
of clinical change, alterations in sedimentation rate
did not consistently precede or accompany changes
in either fibrinogen or globulin. In addition it
has been shown that marked changes in the sedi-
mentation rate can be produced without any al-
teration in the concentration of plasma proteins.

4. The only concept which explains all of the
findings is that variations in sedimentation rates
are due to variations in the colloidal state of the
plasma with consequent changes in the electric
charges on the proteins and red cells. Variations
in the concentration of fibrinogen, globulin and
other constituents affect the rate through their
effect on the colloidal state of the plasma.
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