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Seven patients with active rheumatoid 
arthritis excreted significantly less pyri- 
doxine in the urine than controls when 
patient-control pairs were fed identical 
constant diets while receiving no drugs. 
After a 10 mg. dose of pyridoxine hydro- 
chloride, change in objectively measured 
stiffness appeared to be inversely related 
to change in urinary excretion of pyri- 
doxine. The study does not necessarily 
show that giving rheumatoid arthritics 
pyridoxine is beneficial. 

Septe patientes con active arthritis rheu- 
matoidee excerneva significativemente 
minus pyridoxina in le urina gue sub- 
jectos de controlo quando pares de pa- 
tiente e subject0 de controlo recipeva 
dietas identic e nulle medication. Post 
le administration de un dose de 10 mg 
de hydrochloruro de pyridoxina, alter- 
ationes in le objectivemente mesurate 
rigiditate pareva esser inversemente re- 
lationate con alterationes in le excretion 
urinari de pyridoxina. Le studio non 
indica necessarimente gue le administra- 
tion de pyridoxina a patientes con ar- 
thritis rheumatoidee es benefic. 

E HAVE previously studied patients who, during treatment for tuber- W culosis, developed a rheumatic syndrome resembling the shoulder-hand 
syndrome.8 One predisposing factor appeared to be the administration of 
large doses of isoniazid (INH). It had previously been shown by Biehl and 
Vilter5 that INH administration caused increased excretion of pyridoxine in 
the urine and that pyridoxine given with INH from the onset of therapy 
prevented development of peripheral neuritis. Price, Brown and LarsonO had 
shown that an abnormal pattern of tryptophan metabolite excretion in INH- 
treated patients was corrected when pyridoxine was added to the regimen. 
When our patients with the rheumatic syndrome were given increased amounts 
of pyridoxine with their antituberculous drugs, shoulder pain and range of 
motion were favorably influenced. Stiffness, measured objectively by the 
method of Wright and Johns,lG usually decreased with increasing pyridoxine 
dosage. It was felt that the rheumatic picture might be due in part to the 
effect of pyridoxine deficiency on tryptophan metabolism. 

This rheumatic syndrome had some features in common with rheumatoid 
arthritis. The patients had morning stiffness, tendinitis, and tendon contrac- 
tures, some joint tenderness, particularly in the small joints of the hands and 
the shoulders but sometimes in joints of the lower extremities as well, muscle 
weakness and atrophy, and subchondral bone cysts. Because of these points 
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of similarity, the study reported here was undertaken to see whether patients 
with rheumatoid arthritis had a quantitative abnormality in pyridoxine con- 
sumption relative to normal controls. 

PURPOSE 

The specific aims of the study were ( a )  to compare the excretion of pyri- 
doxine and its chief urinary metabolite, 4-pyridoxic acid, in rheumatoid 
arthritics and in healthy controls on identical diets, before and after a 10 mg. 
pyridoxine load test, and (b )  to see if, in the patients who were restudied after 
change in clinical status on chloroquine, there were changes in excretion of 
pyridcxine and 4-pyridoxic acid. 

The study was also intended to determine what effects, if any, the 10 mg. 
pyridoxine load test had on hematologic, blood chemical and serologic findings, 
and on measured stif€nesP in patients and controls. 

THE SELECTION OF PATIENTS AND CONTROLS 
The patients chosen all showed active joint inflammation and satisfied the 

American Rheumatism Association criteriall for either “definite” or “classical” 
rheumatoid arthritis. No one of them was taking any medication other than 
aspirin immediately before the study. Table 1 shows a summary of the data 
relating to individual patients and includes the A.R.A. functional capacity, 
the A.R.A. stage, and a numerical evaluation of joint tenderness. One of the 
patients, J. B., was found in retrospect to have had tuberculosis in addition 
to classical rheumatoid arthritis. 

Controls were matched for sex and, in all cases but one, weighed slightly 
more than the patients (table 2 ) .  All were admitted to the hospital and 
recei\.ed the same medical work-up as the patients. They were healthy with 
the following exceptions: G. B. and M. V. showed osteoarthritis radiologically; 
M. V. was discovered to have grade I carcinoma of the cervix; and I. P. had 
had a virus infection immediately before the study. 

METHOD 
Seven patient-control pairs were admitted to the Johns Hopkins Hospital Osler V meta- 

bolic research ward, one pair at a time. Each pair was fed a diet which was identical and 
constant each day. Five pairs received the same diet, containing 1930 calories and 1.8 mg. 
pyridoxine per day. A sixth pair (G. B. and C. E.) was given slightly more meat, and thus 
received 1.9 mg. pyridoxine and 2061 calories. The other pair ( I .  P. and J. B.) had a dif- 
ferent diet, containing 3308 calories and 3.0 mg. pyridoxine per day. Twenty-four-hour 
urine collections were made daily on patients and controls. Control of dietary intake and 
urine collection was rigorous, as is routine for this metabolic ward. Specimens were kept 
in brown bottles in the refrigerator under toluene during the collection period, and ali- 
quots were stored at -15 C. thereafter. 

Patients were taken off their only drug, aspirin, 2 days before admission to the hospital, 
and controls also took no medication before and during the study. In only three controls 
(M. V., G. B., and E. L.) could physical activity be made comparable to that of the pa- 
tients since the others worked as physicians or secretaries between demands of the study. 

After a 3- or 4-day period on the constant diet, patients and controls were given 10 mg. 
of pyridoxine hydrochloride by mouth immediately after the urine collection of the pre- 
ceding 24 hours had been completed. 
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Table 1.-Patients 

J. B. M 42 1% I11 I1 61 + none 

E. R. 

C. E. 

V. K. 

M . H .  F 67 5 

C. T. 

G. T. 

M 

F 

31 

39 

2% I1 

2 %  I1 

30 I1 

IV 

1 I1 

% I1 

I1 35 0 chloroquine for 8 months ending 2 yeam 
before study; prednisone, 3 courses 
totaling 8 months ending 2% months 
before study 

I1 29 0 chloroquine for 7% months ending 5 
weeks before study 

I1 49 0 steroid therapy for 6 months ending 9 
years before study: gold, one course, 
ending 4 years before study followed 
by 2 year remission 

IV 34 + prednisone, 5 years to 2% years before 
study: butazolidin. for 14 weeks, 2% 
years before study; gold. one course, 
ending 2 years before study 

I 46 0 aspirin 3.6 Gm./day for 2% months 

I 31 0 chloroquine for 3 weeks ending 2 months 
before study; aspirin for 3 months 
before study 

*Joint tenderness was classified as 1, 2 or 3+ and pluses totaled. 

Tests performed before, and 1 and 3 days after the pyridoxine load test included hema- 
tocrit, erythrocyte sedimentation rate ( Wintrobe), total and differential white blood counts, 
albumin, globulin, serum glutamic oxalic transaminase, serum glutamic pyruvic transami- 
nase, and latex fixation tests12 for rheumatoid factor. Stiffness was measured by the method 
of Wright and Johns16 before and 1 day after the pyridoxine load. 

Urinary excretion of the sum of pyridoxine, pyridoxal and pyridoxamine, which total will 
be referred to as pyridoxine or vitamin B6, was determined by the Barton-Wright2 modifica- 
tion of the method of Stokes, Larsen, Woodward and Foster,l5 a gravimetric method using 
a Neurospora sitophila mutant. Excretion of 4-pyridoxic acid was determined by the fluor- 
escence method of Reddy, Reynolds and Price.10 

RESULTS 
The daily excretion of pyridoxine and 4-pyridoxic acid for patient-control 

pairs is listed in table 2 below. First-day values were excluded so that results 
would not be influenced by the diet of the preceding day. Paired differences 
of pyridoxine excretion on all other days before the load test were analyzed 
for patients and their controls. Patients were found to have a significantly 
lower output than controls ( p  < .01 on a two-tailed t test). Excretion of 
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Table 1.-(Continued) 

a? 
B I 

Laboratory Findings a t  Onset of Study 

g g Y 

9 
ps  2 

2 
b i8  

.- 
F.l 

rn -______ 
8 3.4 -L1:81,920 neg. classical hypertension for 6 years, tuberculosis 

with lymphadenopathy. hepatome- 
galy and splenomegaly (diagnosed 
subsequently), edema of face and legs 

- 
4.6 

29 5.0 neg. neg. 

2.4 

33 3.6 +1: 81,920 neg. 

2.6 

7 4.8 +1:160 neg. -- 
L.' l  

23 3.8 $1 :81,920 rare 
extracellular 

material 

- 
3.7 

definite otosclerosis 

classical hyperthyroidism 6 years before with 
Hashimoto's struma found pathologi- 
cally 

definite peptic ulcer of 13 years' duration 

classical 

skin over fingers shiny and atrophic 11 4.8 +1:6,120 neg. definite - 
distally; right abductor pollicis ten- 
don severely tender 

2.0 

10 4.3 neg. (pots. 1:640 neg. definite 
3 mo. before - 

2'7 study) 

4-pyridoxic acid for the same period was lower for patients than for controls 
but not to a significant degree. 

In the 24 hours following the administration of an additional 10 mg. of 
pyridoxine, excretion of pyridoxine and 4-pyridoxic acid was not significantly 
different for patients and controls. 

Four patients were restudied after chloroquine therapy. E. R., with 
moderate initial inflammatory activity, was nearly asymptomatic 8% months 
later. V. K., also with moderate inflammation initially, had less pain and stiff- 
ness, slightly greater grip strength, and fewer tender joints 3% months later 
on re-evaluation. G. T., with initial mild rheumatoid arthritis, had less morn- 
ing stiffness 3 months later but still had some tender joints and had costoverte- 
bra1 angle tenderness while in the hospital. C. E. showed progression of 
disease radiologically in the 4 months between admissions despite some 
clinical improvement on chloroquine 500 mg./day, which she discontinued 
the day before admission for restudy. Thus all four patients showed some 
clinical improvement although one showed radiological deterioration. In 
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Table B.-Pyridoxine and 4-Pgridozic Acid Excretion 
Patients Controls 

4-Pyridoxic 4-Pyridoxic 
Chloroquine Pyridoxine acid Pyridoxine acid 

Date mg./day pg./day mg./dau m./day mg./day ___ 
M. H. (wt. 52.1 Kg.) E. L. (wt. 62.4 Kg.) 

2/3/62 a a 4 a 

2/4/62 42 .39 226 .89 
f 2/5/62 44 .45 228 .83 
S2/6/62 1435 3.62 1575 3.55 
f 2/7/62 194 1 .oo 3 14 1.15 
2/8/62 46 .96 203 1.26 

V. K. (wt. 60.7 Kg.)  R. K. (wt. 65.9 Kg.) 

1/24/62 
1/25/62 

f 1/26/92 
1/27/62 

$1/28/62 
f1/29/62 

1/30/62 
5/13/62 
5/14/62 
5/15/62 

96 
54 
54 
44 

1300 
155 
162 

125 91 
125 72 
125 a 

a 165 35  
.25 169 .88 
.39 195 1.04 
.65 156 .97 

3.37 1455 4.37 
.62 304 1.58 

1.19 290 1.19 
.68 
.78 
a 

E. R. (wt. 60.4 Kg.) M. V. (wt. 75.1 Kg.) 

11/30/61 a # 157 .56 
f 12/1/61 47 .65 139 .45 

12/3/61 44 .61 121 .57 
12/2/61 48 .71 114 .52 

$12/4/61 4 t a a 

f12/5/61 94 1.60 II c 

12/6/61 51 .49 184 1.01 
8/22/62 250 44 .51 
8/23/62 250 50 .67 
8/24/62 250 124 .81 

C. E. (wt. 60.6 Kg.) G. B. (wt. 62.8 Kg.)  

12/7/61 
112/8/61 
12/9/61 
12/10/61 

$12/11/61 
t 12/12/61 
12/31/61 
4/14/62 

4/15/62 

35 

75 
101 

1780 
120 
136 

(on chloroquine 70 
up to 4/13/62) 

70 

0 

.5 1 150 .78 

.76 0 

.59 150 .71 
3.99 1560 4.78 
1.20 298 2.02 
.70 344 .82 

0 a a 
a 

t 

.46 

table 3, mean pyridoxine and 4-pyridoxic acid excretion, before and after 
chloroquine therapy, are compared. Excretion values increased in the two 
patients who showed the best clinical response. In G. T., who had improved 
slightly, metabolite excretion was unchanged, while in C. E., whose overall 
progress was doubtful, output of pyridoxine and its metabolite had decreased. 
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Table 2.4Continzred) 
Patients Controls 

4-Pyridoxic 4-Pyridoxic 
Chloroquine Pyridoxine acid Pyridoxine acid 

Date mg./day pg./day mg./day a d d a y  mg./day 

G. T. (wt. 61.1 Kg.) S. I. (wt. 56.3 Kg.) 
# # 133 .44 5/7/62 

15/8/62 
5/9/62 102 .50 184 .52 

$5/10/62 1235 2.98 1260 2.33 
15/11/62 244 .77 310 1.39 
5/12/62 108 .23 232 .98 
8/22/62 250 128 .38 
8/23/62 250 101 .36 
8/24/62 250 103 .66 

0 5 0 r 

P. B. (wt. 65.9 Kg.) -- C. T. (wt. 54.4 Kg.) 
5/19/62 178 .59 115 .88 
5/20/62 141 .75 141 .77 

15/21/62 161 .74 
$5/22/62 1670 4.03 1650 4.76 
15/23/62 196 1.24 184 .80 
5/24/62 201 1.25 175 .78 

# 0 

- 

J. B. (wt. 74.1 Kg.) I. P. (wt. 86.2 Kg.) 
- 

- - 10/29/61 137 .39 
10/30/61 # 0 96 .45 
10/31/61 0 0 224 1.22 

111/1/61 182 .75 380 1.78 
# 813 6.16 $11/2/61 1.66 

111/3/61 115 .44 388 1.75 
11/4/61 215 .29 # 

0 

‘Laboratory data missing. 
#Date stiffness was measured. 
$Date pyridoxine load was given. 

Following the 10 mg. pyridoxine load test, no consistent change was 
observed clinically in the patients, nor were there significant changes in 
their laboratory tests. 

Stiffness measurements were made by the method of Wright and Johns16 
with which one records the torque needed to move the index finger through 
an angle of one radian at the metacarpophalangeal joint. Stiffness within the 
range of motion of seven patient-control pairs was measured before, and 
1 day after the pyridoxine load and was noted to change more after the load 
in most patients than in controls. The change in stiffness was expressed as the 

post-load stiffness 
pre-load stiffness 

ratio and was plotted against change in pyridoxine 

post-load vitamin B6 excretion 

pre-load vitamin Be excretion 
excretion expressed as the ratio - . The ratios 

are listed in table 4 and the plot is shown in figure 1. The distribution of 
points in figure 1 suggested that a log-log plot of the ratios might yield a 
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Table 4.-Joint Stiffness and Pyridoxine Excretion Relationships 
Patients Controls 

Pyridoxine 
Stiffness excretion 

Pyridoxine 
Stiffness excretion 

Gm.-cm. Gm.-cm. 
per per 

radian ag./day radian w./day 

postload postload* postload postload* -- __- -~ 
Subject preload ratio preload ratio Subject preload ratio preload ratio 

915 244 915 310 

2285 102 970 184 

184 - - 1.22 
1015 196 945 C. T. .7? - 1.39 P. B. - 1.77 
1400 141 635 I61 

1.68 - .94 - G. T. - .40 - 2.39 s. I. 

3400 116 

1600 182 
.63 - J. B. - 2.13 

1100 388 

1100 302 
I. P. - 1.00 - 1.28 

2460 120 1600 298 

2000 88 1480 150 
c. E. ~ 1.23 - 1.36 G. B. - 1.08(1) - 1.99 

- - 980 94 2440 

980 46 2240 
E. R. - 1 .oo - 2.04 M. V. - 1.09 

620 194 

896 43 
.69 - 4.51 M. H. - 314 

- 1.38 .88 
1070 227 

946 - E. L. 

530 166 910 304 

720 61 840 173 
V. K. - .74 - 3.04 R. K. - 1.08(3) - 1.76 

*Post-load pyridoxine excretion = urinary output on the day post-load stiffness was measured. 
Pre-load pyridoxine excretion = average pre-load urinary output exclusive of that on the 1st day 

of the constant diet. 

more nearly linear relationship (see fig. 2).  In the absence of evidence of 
normality of distribution of the ratios, the relationship of stiffness ratio to 
pyridoxine excretion ratio was assessed by Spearman’s non-parametric method 
of rank correlation.l3 The rank correlation coefficient of -.70 for stiffness 
ratio US. pyridoxine excretion ratio for patients and controls was significant 
(p  < .01, two-tailed). 

In table 5, patients are listed in order of time since the onset of symptoms 
of rheumatoid arthritis. Age, pre-load stiffness and pyridoxine excretion values 
are also given. Although Wright and Johns1? have shown that stiffness in 
normal individuals was greater in older age groups, stiffness in this group of 
rheumatoid arthritics, all of whom had nearly the same diet, was less the 
greater the duration of disease. A rank correlation coefficient of 0.94 ( p  < .02, 
two-tailed) was obtained by Spearman’s method. Small values for pyridoxine 
excretion tended to be associated with Song duration of disease and with 
severe x-ray changes, as indicated by A.R.A. stage classification. In this small 
series we could not expect these associations to reach statistical significance. 

DISCUSSION 
Bett4 found that rheumatoid arthritics excreted abnormally large amounts 

of urinary kynurenine after tryptophan loading relative to controls and that 
when they were given pyridoxine, post-tryptophan load kynurenine excretion 
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VITAMIN B6 EXCRETION RATIO 
0 co"tro15 . patmts 

1 

. 

post-load vitamin B, excretion 

pre-load vitamin B, excretion 
--. Post-Ioad stiffness 

Pre-load stiffness 
Fig. 1.-- vs. 

Post-load stiffness 

Pre-load stiffness 

post-load vitamin B, excretion 

pre-load vitamin B6 excretion 
Fig. 2.- - vs. ______ -, each plotted 

on a logarithmic scale. 

was reduced. A possible explanation for her findings is that pyridoxine 
deficiency or reduced avaiIabiIity is a characteristic of rheumatoid arthritis. 
Findings of the present study suggest that this is true if it may be assumed 
that low urinary excretion of pyridoxine implies low availability in the body. 
Since rheumatoid arthritics on the same dietary intake as controls excrete less 
pyridoxine in the urine, we infer that in some way they are consuming more. 
It is possible that pyridoxine is being used up at a rapid rate in an immun'ologic 
response, leaving a relative deficiency for metabolism of a number of amino 
acids and for its other metabolic functions. An alternative hypothesis is that 
some other metabolic process requiring vitamin Ba is proceeding at an 
unusually rapid rate in this disease and having deleterious effects directly 
and/or by producing pyridoxine deficiency which inhibits an immunologic 
response. Axelrod and Pruzanskyl in an extensive review of animal work on 
the role of vitamins in antibody synthesis pointed out that antibody response 
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Table 5.-Relationship of Pre-Load Stiffness and Pyridoxine 
Excretion to Duration of Disease - ~ _ _ _  ~ ~ _ _ -  

Years since Pyridoxine 
Onset of Stiffness Excretion A.R.A. 

Patient Age Disease Gm.-cm./radian ag./day Stage 

"G. T. 39 l/a 2285 102 I 
"C. T. 31 1 1400 141 I 
C. E. 53 2% 2000 88 I1 

*E. R. 50 2% 980 46 I1 
'M. H. 67 5 894 43 IV 
'V. K. 55 30 720 51 I1 

*Tenderness of joint at which stiffness was measured. 

was quite consistently impaired when a specific pyridoxine deficiency existed 
at the time of the antigenic stimulus or when there was a specific pantothenic 
acid deficiency. Further evidence of the importance of pyridoxine in the 
immune response is given by the demonstrations of prolonged survival time 
of skin homografts in pyridoxine-deficient rats by Fisher, Axelrod, Fisher, Lee 
and Calvanesee and in pyridoxine-deficient dogs by Humphries, Harms and 
Moretz.7 Barton-Wright and Elliott3 have found significantly decreased 
pantothenic acid blood levels in rheumatoid arthritics relative to those in 
healthy controls. Therefore the possibility exists that consumption in an 
immunologic process may account for lower urinary excretion of pyridoxine 
and lower blood levels of pantothenic acid in rheumatoid arthritis. 

The mechanism by which pyridoxine loading affects stiffness is not yet 
clear. Measured stiffness decreases after loading if pyridoxine excretion, and 
presumably availability, increases sufficiently. However, absolute pyridoxine 
excretion was not least in the stiffest patients but frequently in those who had 
less than normal stiffness. Even in these patients with reduced stiffness 
initially, further reduction in stiffness occurred after pyridoxine loading. 

Although urinary 4-pyridoxic acid acounted for a larger part of the ingested 
vitamin Be than did the total of pyridoxine, pyridoxal, and pyridoxamine ex- 
creted, the latter aggregate was better correlated with the presence and extent 
of rheumatoid arthritis. Even though controls weighed somewhat more and 
had somewhat greater physical activity than patients, they excreted more 
pyridoxine in the urine. One possible interpretation of the lower excretion in 
patients is that there is increased use of pyridoxine in an immunologic process, 
another that it is used in some other metabolic function. 

Since pyridoxine may be consumed in a metabolic role which maintains the 
underlying pathologic process, it does not necessarily follow from the results 
reported here that giving pyridoxine to rheumatoid arthritics would have a 
therapeutic effect. 

SUMMARY AND CONCLUSIONS 
1. Seven patients with active rheumatoid arthritis and matched controls, 

hospitalized in pairs on a metabolic ward and fed an identical constant diet 
while receiving no drugs, showed a difference in excretion of pyridoxine which 
was significant ( p  < .01). 
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2. Changes in objectively measured stiffn'ess after a 10 mg. dose of pyri- 
doxine hydrochloride appeared to be inversely related to the change in 
urinary excretion of pyridoxine. 

3. Measured stiffness was inversely related to duration of rheumatoid 
arthritis ( p  < .02). 

4. Data have been collected on changes in urinary excretion of pyridoxine 
and 4-pyridoxic acid after clinical change on chloroquine. 

5. The study does not necessarily show a therapeutic effect of supplying 
rheumatoid arthritics with additional pyridoxine. 
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ADDENDUM 
Since submission, the following work has come to our attention: Flinn, Price, Yess and 

Brown18 have results which suggest that most of their patients with rheumatoid arthritis 
have a functional pyridoxine deficiency demonstrable in tryptophan metabolism, but only 
by means of a tryptophan loading test. Bett19 reports that improvement in a small group 
of rheumatoid arthritics was associated with a decrease in previously high kynurenine 
excretion. In two further cases, prolonged administration of pyridoxine was not accom- 
panied by clinical improvement, even though high kynurenine excretion fell to near normal. 
Pinals20 found mean kynurenine and 3-hydroxykynurenine levels to be significantly raised 
among 45 patients with rheumatoid arthritis. 
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APPENDIX 

CASE REPORTS 

1. J. B. (JHH 1010887), a 42-year-old 
colored male laborer, complained of joint 
pains of 15 months’ duration. There was no 
family history of rheumatism. Except for 
occasional sore throats, he had been well 
until hypertension was diagnosed 5 years 
previously. 

The present illness began with persisting 
pain in the left and then the light ankle fol- 
lowed by pain, then swelling, of the right 
knee. For a few months the patient had 
had pain and stiffness in the small joints of 
the hands. Shoulders then had become in- 
termittently painful and for 2 weeks the left 
knee had been sore. The patient’s legs had 
been swollen for 1 year, his face for about 
a week. He had received no medication. 

On physical examination, blood pressure 
was 160/100 mm. Hg (right arm sitting). 
The patient was a heavily muscled Negro 
male with massive pitting edema of the 
legs and facial edema. Skeletal examination 
revealed some tenderness in distal and 
proximal interphalangeal joints, metacarpo- 
phalangeal joints, and wrists. Knees were 
swollen markedly on the right and moderate- 
ly on the left, with warmth, effusion and 

tenderness bilaterally. Ankles were tender, 
and tarsal joints, metatarsophalangeal and 
proximal interphalangeal joints in the feet 
slightly tender. Retinal vessels showed 
slight arteriolar narrowing. There was some 
lymphadenopathy in cervical and inguinal 
regions. The left lobe of the thyroid was a 
little larger than the right and gynecomastia 
was present. Lungs were clear to percussion 
and auscultation. The heart was enlarged 
and a short ejection systolic murmur was 
heard at the base. The liver edge was 3 
fingerbreadths below the costal margin, and 
the tip of the spleen was palpable and 
tender. 

Laboratory studies revealed hematocrit 
of 44, erythrocyte sedimentation rate 11/8, 
white blood count 6150 with 16 per cent 
monocytes and 7 per cent eosinophils, al- 
bumin 3.4 and globulin 4.5 Gm. per cent, 
latex fixation test positive at a titer of 
1:81,920, and L.E. preparation nega- 
tive. X-rays showed a large heart and areas 
of increased lung density radiating from 
the right hilum. The knees showed soft tis- 
sue swelling, narrowed joint spaces and sub- 
cortical osteoporosis, all changes being 
worse on the left. The hands showed soft 
tissue swelling, subcortical cysts in the right 



648 MC KUSICK ET AL. 

scaphoid and adjacent trapezium, and mini- 
mal cysts in the left metacarpal heads. The 
feet showed hallux valgus, osteoporosis 
medially in the heads of the first metatarsals, 
and erosions at the margins of the proximal 
interphalangeal joints. 

Course: Joint tenderness in the hands 
and feet decreased considerably on the day 
after the 10 mg. pyridoxine load test and 
subsequently increased again. Knee tender- 
ness remained about constant. Edema of 
the legs was gone by the day of the load 
test. The patient complained of fullness in 
the stomach that day, and the liver was 
more tender and the spleen more easily 
felt then and for the next 2 days. One day 
after the pyridoxine load, the corrected 
sedimentation rate was 13; the absolute 
monocyte count had fallen from 984 
to 378; albumin was 3.8 and globulin 4.0 
Gm. per cent; and latex fixation test was 
positive at a titer of 1:40,960. 

Subsequent course: The patient was 
started on chloroquine in addition to salicy- 
lates and was kept on bed rest for the next 
4 months during which time subcutaneous 
nodules developed. He was then readmitted 
to the hospital, where he deveIoped pleuritic 
pain, and x-rays revealed mediastinal wid- 
ening which had actually been present 4 
months previously. Sputum positive for 
acid-fast bacilli was eventually obtained. 
Pulmonary tuberculosis was thought to 
antedate the first admission. The patient 
also satisfied the criteria for classical rheu- 
matoid arthritis. 

2. E. R. (JHH #791403), a 50-year-old 
white housewife admitted November 29, 
1961, had joint pains of 2% years’ 
duration. Family history revealed that one 
sister had aching in the hands and one 
brother had back pain. The patient had had 
excellent health except for otosclerosis 
since age 16. 

The present illness began with swelling 
and tenderness of the right third proximal 
interphalangeal joint and a cyst on the 
right wrist. Symptoms had remitted com- 
pletely when she had been given chloro- 
quine for 5 months but had recurred in 3 
proximal interphalangeal joints 6 weeks 
after medication was stopped. Chloroquine 
had been reinstituted for 3 months, but 
marked stiffness m d  pain in both wrists had 

developed and she had been treated with 
prednisone for 6 weeks, during which time 
temporary relief of symptoms had occurred. 
Prednisone had again been given for 5 
months, from December 1960 until May 
1961, because of painful wrists and hands. 
Discontinuation of prednisone had been fol- 
lowed by severe exacerbation, with pain in 
hands, wrists and elbows, and another 6 
weeks’ course had been given, ending 2% 
months before the study. Following that, 
elbows, wrists, hands, left knee, ankles and 
the right shoulder had become painful, with 
marked stiffness, The patient had had slight 
ankle edema and persistent fatigue. 

Physical examination on admission re- 
vealed decreased hearing on the right and 
some skeletal abnormalities. These included 
tenderness of distal, proximal and meta- 
carpophalangeal joints, enlargement of the 
third proximal interphalangeal joint, slight 
limitation of flexion of the fingers, tender 
wrists with swelling on the right and small 
tendon, sheath effusions on the dorsa of 
both, tenderness of the right elbow, right 
ankle and left knee with swelling over the 
medial side of the patella. 

Laboratory studies on admission showed 
hematocrit to be 44, corrected erythrocyte 
sedimentation rate 29, albumin 5.0 Gm. per 
cent, globulin 2.4 Gm. per cent, LE prepa- 
ration negative, and latex fixation test for 
rheumatoid factor negative. X-,rays showed 
erosion, subcortical punched-out lesions, 
subluxation, joint space narrowing, and peri- 
articular osteoporosis a t  the right third prox- 
imal interphalangeal joint. The distal pha- 
langes were also osteoporotic. The meta- 
carpal heads showed punched-out defects 
and in the wrists soft tissue swelling and 
multiple punched-out areas were demon- 
strated. The knees exhibited some osteo- 
porosis, more marked on the left, and the 
hips showed areas with absent trabecular 
pattern and minimal erosive change at the 
insertion of the ligamentum teres. The pa- 
tient satisfied criteria for definite rheumatoid 
arthritis. 

Course: While the patient was in the 
hospital, the number of tender joints de- 
creased progressively. Subjective morning 
stiffness decreased on the 5th day of hos- 
pitalization and was minimal thereafter. 
Latex fixation test remained negative. 
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Subsequent course: After leaving the 
hospital, the patient was treated with aspi- 
rin. Chloroquine was started 3 weeks later 
in dosage of 250 mg./day for 6 weeks, 500 
mg./day for 6 weeks and, after toxic 
symptoms had developed together with def- 
inite clinical improvement, 250 mg./day 
until and during the time the patient was 
admitted for reevaluation on the same con- 
stant diet 8% months after the first admis- 
sion. For 4% months before readmission on 
8/21/62, the patient was nearly asympto- 
matic and, after aspirin had been discon- 
tinued prior to admission, had slight tender- 
ness limited to the joints of the right third 
finger. Corrected erythrocyte sedimentation 
rate had fallen to 11; albumin was 4.1 Gm. 
per cent, globulin 2.2 Gm. per cent; latex 
fixation test was still negative; x-rays showed 
no change since the previous admission. 

3. C. E. (JHH #721806), a 53-year-old 
white housewife admitted December 7, 
1961, with arthritis of 27 months’ duration, 
had three maternal aunts and a daughter 
who had had rheumatoid arthritis. The pa- 
tient considered that she had always been 
healthy but had had T & A at 14, appen- 
dectomy at  16, and right salpingo-oophorec- 
tomy for infection at 38. The menopause 
had occurred at 48. Hyperthyroidism with 
PBI 9.3 mg. per cent, BMR 33 and a thy- 
roid nodule had been found in 1955 and 
partial thyroidectomy performed at  the 
Johns Hopkins Hospital. The pathologist 
reported Hashimoto’s struma with a cyst on 
the right lobe of the thyroid. In April 1961, 
no antithyroid antibodies could be demon- 
strated in the serum. 

The present illness had begun abruptly 
and severely with pain in the second and 
third metacarpophalangeal joints bilaterally,, 
followed by pain in the left knee and ankles, 
right elbow, right shoulder and right knee. 
She had been treated at Baltimore City Hos- 
pitals beginning 9 months prior to this 
study, with bed rest, aspirin, and chloro- 
quine 250 mg./day, with marked improve- 
ment. On October 25, 1961, she had com- 
plained of blurred vision, and 4 days later 
had collapsed on the floor after taking three 
pills from a box containing aspirin and chlor- 
oquine. The patient had had no motor or 
sensory loss but was hypotensive. Chloro- 
quine was discontinued, and she had com- 

pletely recovered by the following day. She 
received no chloroquine for 5 weeks prior to 
her admission on December 7, 1961. Joint 
pain had become increasingly severe and 
the patient again had been having morning 
stiffness by the time of admission. 

l’hysical examination on admission re- 
vealed tenderness and swelling of the right 
fourth and left third proximal interpha- 
langeal joints and tender palmar tendons bi- 
laterally. The left knee was markedly tender, 
swoUen, cool and contained an effusion of 
moderate size. Ankles and tarsal joints were 
tender; right metatarsophalangeal joints 
were tender, those on the left slightly ten- 
der. 

Laboratory data revealed hematocrit 
39.3, erythrocyte sedimentation rate 47/33, 
albumin 3.6 Gm. per cent, globulin 2.6 Gm. 
per cent, LE preparation negative and latex 
fixation test positive at a titer of 1:81,920. 
X-rays of the knees showed some osteopor- 
osis immediately beneath the bony cortex 
and on the left narrowing of the joint space 
laterally. The feet showed hallux valgus 
and spotty osteoporosis of the fourth and 
fifth metatarsals. The hands showed soft 
tissue swellings, spotty osteoporosis of the 
metacarpal heads, juxta-articular osteo- 
porosis of the distal and proximal inter- 
phalangeal joints and narrowed third left 
metacarpophalangeal and fourth right prox- 
imal interphalangeal joints. The cervical 
spine showed narrowing of C5-C6 and C6- 
C7 spaces with no mobility nor curvature 
in this region. The patient satisfied the cri- 
teria for classical rheumatoid arthritis. 

Course: In the hospital the number of ten- 
der joints gradually decreased, increasing 
slightly on the day following the pyridoxine 
load test. Subjective morning stiffness was 
less on the days following the pyridoxine 
load test. Erythrocyte sedimentation rate was 
corrected to 36 1 day after the load test; 
latex fixation test was positive at  dilutions 
of 1 :40,960 and 1 : 81,920 respectively, 1 
and 3 days after the pyridoxine load. 

Subsequent courso: The patient was dis- 
charged from the hospital on chloroquine 
250 mg./day and aspirin, and she improved 
somewhat. Chloroquine was increased to 
375 mg./day on February 7, 1962, and to 
500 mg./day on March 9, 1962. She was 
re-admitted on April 14, 1962, to see if 



650 MC KUSICK ET AL. 

pyridoxine output was altered. Because of 
a dizzy spell, she discontinued chloroquine 
the day before hospitalization and received 
none during the reevaluation. Joint tender- 
ness on the day of admission was less than 
on the previous admission. Erythrocyte 
sedimentation rate had remained high. X- 
rays showed obvious progression of disease 
in the knees with a narrower left joint 
space, irregular surfaces, increased porosis 
and erosion through into the left femoral 
condyle. The right knee now showed nar- 
rowing and slight irregularity. The feet now 
showed cystic changes in the left scaphoid 
and cuneiforms and increased cysts in the 
right metatarsals and tarsus. The hands 
showed more osteoporosis, increased nar- 
rowing of the second and thkd right meta- 
carpophalangeal joint spaces, a subcortical 
cyst in the right radius and a cyst in the 
left capitate. 

4. V. K. (JHH #152612), a 55-year-old 
white housewife, was admitted January 24, 
1962, with the chief complaint of joint pains 
for 30 years. Family history revealed that 
her father and one brother of her eight 
siblings had had ‘inflammatory rheuma- 
tism.” Past history revealed that in 1938, 
after delivery of a stillborn baby, the pa- 
tient had had repeated urinary tract infec- 
tions and pasistent vaginal discharge fol- 
lowed by hysterectomy in 1948. Intennit- 
tent epigastric pain of 13 years’ duration 
had responded repeatedly to an ulcer regi- 
men. 

The present illness began with “rheuma- 
tism” in childhood, and the patient had oc- 
casionally had pleurisy with colds. Thirty 
years previously the patient had had severe 
“arthritis” in the left wrist for several weeks 
following an ear infection. Joint pains had 
occurred frequently after that, and 9 years 
before admission steroid therapy had been 
given for a 6-month period. A course of 
gold injections ending 4 years before this 
study had been followed by absence of joint 
pain for 2 years. 

At the time of admission, the patient had 
been having morning stiffnees and aching 
in the left shoulder, left elbow, both hands, 
left knee, and both ankles. 

Physical examination revealed a well- 
nourished white female with abnormalities 
confined to the skeletal system. She had 

mild tenderness of nearly all the small 
joints of both hands, with moderate tender- 
ness of the left third and swelling of the 
left fourth proximal interphalangeal joints. 
The right wrist was moderately tender, the 
left slightly tender. The left second and 
third fingers could not be fully flexed. The 
left ebow was moderately tender, the right 
elbow and shoulder slightly tender. The 
right knee, both ankles, right tarsal joints, 
and all metacarpophalangeal joints were 
slightly tender. 

Laboratory studies revealed normal hem- 
atocrit, erythrocyte sedimentation rate, white 
blood count, albumin and globulin. Latex 
fixation test was positive at a 1:160 dilution. 
L.E. preparation was negative. X-rays 
showed slight osteoporosis of the left 
shoulder and joint space narrowing between 
carpal bones and of the wrist joints proper, 
with erosion of the ulnar styloids and 
punched-out areas in the distal radii. There 
was moderate generalized osteoporosis of 
the hands. The feet showed some erosive 
changes in the fifth metatarsal heads. The 
subchondral cortex of the femoral heads 
showed erosion medially with no loss of 
joint space. The patient satisfied the cri- 
teria for definite rheumatoid arthritis. 

Course: While in the hospital, the patient 
showed an overall decrease in joint tender- 
ness. Latex fixation test was negative both 
1 and 3 days after the pyridoxine load test. 

Subsequent course: The patient was 
treated with aspirin and chloroquine in dos- 
age of 250 mg./day, then 125 mg./day, 
and was readmitted on May 13, 1962, for 
reevaluation on the same constant diet. At 
this time she was feeling better, had in- 
creased strength and less joint tenderness 
than on the previous admission. Laboratory 
studies were within normal limits, and the 
latex fixation test was negative. X-rays 
showed that cysts at the ends of the right 
radius were larger and eroded through, and 
the right h a t e  was more involved. Seven 
months later, after chloroquine had been 
discontinued because of toxicity, latex fixa- 
tion test was positive at 1:40, 960. 

5. M. H. (JHH #1021033), a 67-year-old 
white female admitted February 3, 1962, 
had had pain in the joints for 5 years. Fam- 
ily history revealed that her father had had 
arthritis in the feet and her mother arthritis 
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with an immobile spine. 
Past history included frequent sore throats, 

tonsillectomy 20 to 30 years previously, 
surgery for cholelithiasis 10 years before 
admission and some exertional dyspnea 5 
years before admission. Recurrent cystitis 
had occurred a few years before and bleed- 
ing from diverticula necessitating transfu- 
sion 4 months before admission. 

The present illness had begun 5 years 
previously with pain and some swelling of 
the knees and pain in the wrists and hands. 
She had been given prednisone and her 
knees had been injected with corticosteroids. 
TWO and one-half years before admission, 
exacerbation of hand, wrist and knee pain 
had occurred. She had been treated for 
14 weeks with phenylbutazone, during 
which time she had developed edema. She 
had then been given a course of gold in- 
jections but had been kept in bed for 1 
year by involvement of the knees. She got 
up after this and soon had become much 
worse. At about this time she had noted 
nodules on the elbows. She had been in 
the hospital for 7 months, with hands, 
wrists and knees involved. She had been 
discharged on crutches for 4 months but 
had returned with an exacerbation of 
symptoms in the knees, shoulders, elbows, 
hips, feet and ankles 4 months before this 
study. Pain had been most severe at night, 
and weakness and knee contractures had 
prevented her walking. 

Physical examination on admission re- 
vealed blood pressure 120/80, pulse 72, 
respirations 16, temperature 99.2 F. per 
rectum, in a chronically ill white female of 
67 with gross hand and knee deformity and 
pain on motion. There was no ankle edema. 
Examination of the skeletal system revealed 
flaccid muscles, tenderness of proximal in- 
terphalangeal, metacarpophalangeal, wrist, 
elbow and shoulder joints and cervical spine. 
The knees were warm, swollen, tender and 
showed 45 and 30 degree contractures on 
the right and left respectively. The left 
ankle and first metatarsophalangeal joints 
bilaterally were tender. The eyes showed 
bilateral cataracts. The remainder of the 
examination was within normal limits. 

Laboratory studies revealed hematocrit 
to be 42, erythrocyte sedimentation rate cor- 
rected to 23, total and differential white 

blood counts normal, albumin 3.8 Gm. per 
cent and globulin 3.7 Gm. per cent. The 
latex fixation test for rheumatoid factor was 
positive at a dilution of 1:81,920. The L.E. 
preparation showed rare (two pieces) ex- 
tracellular material but no L.E. cells. X- 
rLxys of the hands showed soft tissue swell- 
ing around the proximal interphalangeal 
joints, generalized osteoporosis, severely nar- 
rowed metacarpophalangeal and proximal 
interphalangeal joints and erosive changes 
of the right third and left fourth and fifth 
distal interphalangeal joints. There weTe 
punched-out defects in the metacarpal heads 
and, in the wrists, cystic areas and erosion 
into the bones. The triquetrum and capitate 
were fused bilaterally and showed severe 
erosion adjacent to the radius and ulna. 
Osteoporosis of the right shoulder, cervical 
and thoracic spines, ribs and hips was 
present. The hips showed thin bony cor- 
tices. The knees showed destroyed joint 
spaces with erosion all the way across 
eburnation of the surfaces and thin cortices. 
The feet showed narrowed joint spaces 
throughout the tarsus with marked narrow- 
ing of metatarsophalangeal and interpha- 
langeal joint spaces with valgus deformity 
in all digits of the left foot. The patient 
satisfied the criteria for classical Theumatoid 
arthritis. 

Course: While in the hospital the patient 
had no morning stiffness. She showed an 
abrupt decrease in joint tenderness on the 
morning that 10 mg. pyridoxine hydrochlo- 
ride was given. On subsequent days joint 
tenderness again increased, although not 
quite to its former level. Nocturnal joint 
pain became worse 12 hours after the load 
test and remained severe thereafter. Latex 
fixation test, positive at a dilution of 
1:81,920 before the load test, was positive 
at a 1:5120 dilution 1 day after the load 
test, and positive at 1:40,960 3 days after 
the load test. The corrected erythrocyte 
sedimentation rate was 23 before the load, 
33 1 day after and 30 3 days after the 
pyridoxine load test. Albumin was 3.8, 3.5 
and 3.6 Gm. per cent and globulin 3.7, 3.9, 
and 4.1 Gm. per cent at the same times. 

6. C. T. (JHH 1027195), a 31-year-old 
shoe factory worker, admitted May 19, 
1962, complained of severe pain in the right 
wrist beginning 3% months before this 
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study. Family history revealed that his 
mother had had arthritis in the spine late 
in life, and a brother, 44, had sore joints 
with a “knot” below the elbow. 

Past history included sinusitis since child- 
hood, frequent tonsilitis with streptococcal 
sore throat a t  least twice, glandular fever 
6 years previously, followed by inability to 
walk for 6 months. He had had tonsillec- 
tomy in 1950, appendectomy in 1952, sub- 
mucous resection in 1954. 

Present illness included attacks of shonl- 
der bursitis twice previously in the past 2 
years and occasional pleuritic pain in the 
past year. For 1 year the patient had had 
intermittent swelling of the hinds for a few 
days or a week at a time, with soreness 01 
proximal interphalangeal and metacarpopha- 
langeal joints of both hands, and occasional 
morning stiffness. Three-and-a-half months 
before this study, pain in the right wrist 
had begun, increasing in severity as the 
pitient continually used it to turn sheets of 
rubber in a shoe factory. He had been tak- 
ing aspirin, 3.6 Gm. per day. One month 
before the study his right shoulder, ankles 
and back had become painful. Latex fixa- 
tion test in March 1962 was positive at a 
1 :40,960 dilution. Morning stiffness in hands 
and ankles was present at the time of ad- 
mission. 

Physical examination ,revealed a slight 
white male who did not appear enerqetic 
but whose abnormalities were limitad to 
skin and skeletal systems. The skin showed 
a shiny, atrophic appearance over the fingers 
distally, reminiscent of the shoulder-hand 
syndrome. Thcre was mottled discolorntion 
on the dorsa of the hands, a dusky color 
over the joints and low skin temperature. 
The proximal interphalangeal joints were 
much enlarged, showed some lack of exten- 
sion, and numbers 2, 3, and 4 were slightly 
tender bilnterally. Metacarpophalangeal 
joints 2-5 on the right, and 2, 3, and 4 on 
the left were slightly tender. The right ra- 
diocarpal joint and psrticularly the abductor 
p3llicis tendon were severely tender. The 
left elbow was moderately tender and there 
was slight tenderness of the right shoulder, 
thorxic spine, sicroiliac joints, ankles, tarsal 
joints, metatarsophalangeal joints, and prox- 
imal interphalangeal joints of the toes. 

The laboratory studies revealed a normal 

hematocrit, total and differential white 
blood count and an erythrocyte sedimenta- 
tion rate corrected to 11. Albumin and glob- 
ulin were normal. Latex fixation test was 
positive at a dilution of 1:5,120. L. E. prep- 
aration was negative. X-rays showed soft 
tissue swelling of the proximal interphu- 
langeal joints and incompletely extended 
fingers. 

This patient satisfied the criteria for 
definite rheumatoid arthritis and although 
the clinical picture in the hands and prom- 
inence of tendinitis strongly suggested the 
shoulder-hand sydrome, it was felt that 
the initial high rheumatoid factor titer per- 
mitted his inclusion as a rheumatoid arth- 
ritic. He was the most divergent membeT 
of the group clinically. 

Course: Joint tenderness increased to a 
maximum the day of the load test, but de- 
creased the day after. A few hours after 
the load, the patient complained of a full 
feeling in his stomach and later cramping 
abdominal pain. Low back pain began the 
day after the pyridoxine load. The latex 
fixation test was positive at a dilution of 
1:5120 before the load and 1:2560 and 
1:640 1 and 3 days after the pyridoxine 
load test. 

After leaving the hospital, the patient 
was treated with aspirin and I hloroqiiine 
250 mg. per day without improvem.nt. 
Three months later chloroquine was de- 
creased because of loss of appetite and diz- 
ziness. Four months after admission the pa- 
tient had operation with dissection of the 
abductor tendons of the right thumb, which 
we’re bound together by diffuse granulation 
tissue. 

7 .  G. T. ( J H H  (#668940), a 39-year- 
old white housewife admitted May 8, 1962, 
complained of pain and swelling of the 
small joints of the hands of 3 months’ dura- 
tion. Family history was non-contributory. 
Past history included diphtheria in child- 
hood, a kidney infection during a preg- 
nancy in 1956, varicose vein ligation in 
1954, tuba1 ligation in 1956, mastoidectomy 
and chronic otitis media in May 1961 with 
a group A streptococcus cultured. 

The present illness began abruptly 3 
months before the study with stiffness of 
the knees and pain and swelling of the 
wrists and the proximal interphalangeal 
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joints of both hands. Bilateral costovertebral 
angle tenderness had been noted then. 

Two weeks after the onset of symptoms, 
latex fixation test had been positive at a 
1 : 640 dilution. Salicylate and chloroquine 
therapy was started, but chloroquine was 
discontinued after 3 weeks-2 months be- 
fore the study. On admission the patient 
had morning stiffness of half an hour’s dura- 
tion and some pain in hands, ankles, and 
one shoulder. 

Physical examination on admission re- 
vealed a short, stout housewife with high 
color and diffusely swollen hands, with a 
reddish color over the joints. She had slight 
tenderness in proxiinal interphalangeal 
joints, moderate tenderness in right meta- 
carpophalangeal joints, slight shoulder ten- 
derness and tender ankles and right tarsal 
joints. Varicose veins were the only other 
abnormality noted on physical examination. 

Laboratory studies revealed hematocrit 
of 44, erythrocyte sedimentation rate cor- 
rected to 10, normal white blood count, al- 
bumin 4.3 and globulin 2.7 Gm. per cent. 
L.E. preparation and latex fixation test were 
negative. X-rays of the hands revealed soft 
tissue swelling and slight periarticular osteo- 

porosis. There was slight periosteal reaction 
of the second and third metatarsals. 

Course: In  the hospital the patient’s 
morning stiffness disappeared, grip strength 
increased and joint tenderness decreased, 
while back pain developed. Laboratory 
studies showed little change after the pyrid- 
oxine load test. The latex fixation test re- 
mained negative. The patient satisfied cri- 
teria for definite rheumatoid arthritis. 

Subsequent course: The patient was dis- 
charged on chloroquine 250 mg. per day 
and aspirin 3.6 Gm. per day and continued 
to improve. She was subjectively better 3 
months later and was readmitted on Au- 
gust 21, 1962, for reevaluation on the same 
constant diet, During the admission she did 
have some tenderness in a few finger joints 
and both ankles and had some costoverte- 
bra1 angle tenderness. Her urine on the 
day of admission was loaded with white 
blood cells but culture on August 25 sliowed 
only 900 colonies/cc. of Klebsiella. 

Laboratory studies showed erythrocyte 
sedimentation rate corrected to 4, albumin 
4.3, globulin 2.2 Gm. per cent and latex 
fixation test negative. 
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