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Mechanisms of depressed delayed-type
hypersensitivity in rheumatoid arthritis: the role of
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SUMMARY The presence of anergy and its relationship to malnutrition was investigated in patients
with rheumatoid arthritis (RA) and in controls. A generalised reduction in delayed cutaneous
hypersensitivity to 7 recall antigens were found in 104 RA patients compared with 67 controls. No
measure of the disease was capable of predicting cutaneous anergy, which was present in 36% of
patients but none of the controls. A detailed dietary assessment in 30 RA patients and 30 controls
revealed little evidence of clinically important malnutrition. It is therefore concluded that the
cutaneous anergy of rheumatoid arthritis is not a consequence of nutritional factors.

Abnormalities of cell mediated immunity (CMI) are
thought to be of fundamental importance in
rheumatoid arthritis (RA).' Delayed cutaneous
hypersensitivity (DCH) has been used as an in-vitro
measure of CMI, and both normal and depressed
DCH have been reported in RA,23 the more recent
studies concluding that a depression of DCH does
exist but without agreement over its relevance or
cause.3 4

Malnutrition has a profound effect on CMI,5 and
adults and children with protein energy malnutrition
(PEM) have impaired DCH with the number and size
of positive skin reactions being reduced.6 PEM also
depresses the proportion and absolute number of T
lymphocytes,7 alters the ratio of T cell subsets,8 and
reduces lymphocyte transformation to mitogens and
antigens.9 The potential to reverse these 'immune
changes' with nutritional supplements has been
demonstrated.9 10 There has been little recent work
on nutrition in RA with scanty or no reference to
arthritis in nutritionaflxtbooks. 12 Yet RA is a
systemic disease with weight loss often being a
prominent feature and may be due to a variety of
mechanisms: disease activity, anorexia (induced both
by the illness and by anti-inflammatory drugs), and
difficulties in buying and cooking food.13 With the
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availability of standardised, reproducable methods of
testing DCH and more sophisticated methods of
dietary assessment we decided to investigate the rela-
tionship, if any, between DCH and nutritional state
in RA.

Patients and methods

Patients. 104 consecutive patients were selected who
had classical or definite RA, both inpatients and out-
patients; patients on immunosuppressive drugs
(including prednisolone > 5 mg/day) were excluded.
All patients were taking a nonsteroidal anti-
inflammatory drug. Sixty-seven controls were taken
from a similar population of rheumatology patients
but without inflammatory joint diseases or systemic
illness. All patients were skin tested and RA patients
assessed for disease activity. In addition the first 30
RA patients and a similar number of age and sex
matched controls underwent detailed dietary and
anthropomorphic assessments.
Skin testing. This was performed on all subjects

with a disposable plastic multitest system ('Multitest',
Institute Merieux, France) which delivers intrader-
mally 7 standardised recall antigens (tuberculin,
tetanus toxoid, diphtheria toxoid, streptococcus,
candida, trichophyton, proteus) and a glycerin con-
trol in a highly reproducible manner."4 The patients
were tested between 0900 and 1 100 h and the results
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were read 48 hours later. The mean induration of
the skin lesion was measured in 2 perpendicular
diameters for each antigen, and a result greater than
2 mm was considered positive. This, rather than the
more often used 5 mm, was chosen as the cut-off
point on the manufacturer's instructions and because
even small skin test reactions are significant
immunological events, correlating with in-vitro lym-
phocyte transformation.'5 A patient with one or more

positive tests was considered reactive, whereas a

patient negative to all 7 antigens was considered
anergic. A sum score was calculated by the addition
of the mean diameters for each of the 7 antigens.
Disease activity. The ESR, the duration of early

morning stiffness (minutes), and the number of active
joints (Ritchie index 6) were used as a measure of
disease activity.
Anthropomorphic assessments. The ratio of weight

(kg) to height (m) squared, the so-called 'body mass
index', was calculated for each patient and control, as

this has been shown to be a good measure of body
fatness in all populations studied."7 Mid-arm triceps
skin thickness was taken as an index of the sub-
cutaneous fat layer,'8 albeit a crude one. Albumin
and retinol binding protein (measured with radial
immunodiffusion plates from Behring Werke, Mar-
burg, West Germany) were also measured as shorter
term indicators of PEM.19 20

Dietary history. Dietary assessment was made by a
trained dietitian of a patient's average week's intake
of food. This was subsequently analysed for content
by means of a computer program with its reference
values taken from McCance and Widdowsons
book.2' Values were derived for energy (kcal), pro-
tein, fat, carbohydrate, dietary fibre, calcium, phos-
phate, iron, and folate, and vitamins A, B, C, and D.

Results

Skin test results. DCH in RA patients was signifi-
cantly depressed in comparison with age and sex
matched controls (Table 1). Thus anergy was not
seen in controls but was present in 36% of RA
patients (p< 0. 001). The sum score for the RA group
was 6- 33 + 6 99 (mean + SD) compared with 1 8X 04

± 9 81 for controls (p<O OO1). Fig. 1 illustrates the
generalised reduction in reactivity in RA patients
compared with controls, which can be seen as a shift
to the left in that the mode number of positive tests
for RA was 0 whereas for controls it was 3. No RA
patient had greater than 4 positive reactions.
Comparison of the anergic and reactive subgroups

of RA patients did not show any statistically signifi-
cant differences in any ofthe factors measured (Table
2). Anergic patients tended to have more severe dis-
ease with a nonsignificant increase in disease dura-
tion, in seropositivity, and in the proportion with
nodules and erosions as compared with the reactive
group. There was no significant difference between
the 2 groups in measurements of disease activity, but
anergic patients had a higher ESR and a longer dura-
tion of early morning stiffness. The 2 groups were not
distinguished by their drug treatments.

DIETARY AND ANTHROPOMORPHIC RESULTS
The 30 RA patients and the 30 controls were
representative ofthe larger groups in terms of sex and
age, and for the RA group in terms of disease activity
and drug therapy.
The results of the dietary assessments (Table 3)

revealed a close correlation between the diets of the
RA patients and age and sex matched controls, with
no significant differences between the 2 groups for
any of the nutrients measured. Common features
were the reduced total kcal and iron and increased
protein compared with recommended daily intake
(RDI).22
Anthropomorphic measurements confirmed the

similarity of the RA and control group with no not-
able differences in body mass index or mid-arm
triceps thickness, with only the differences in albumin
level reaching the conventional level of significance
(p<0 05). Retinol binding protein levels did not
show any difference between anergic and reactive
groups or the low absolute levels previously found in
RA.23 Analysis in terms of anergy showed the anergic
group to be lower in total calories (accounted for by
low fat intake) and fibre than the reactive group but
again not significantly so.

Table 1 Comparison ofskin test results in controls and rheumatoid arthritis patients

Controls RA p
Mean ± SD Mean ± SD

Number 67 104
Ageinyears(range) 573+- 18-2(41-86) 591 -+ 11-17(44-81) NS
Skin tests: mean sum score in mm (range) 18-0 ± 9-8 (2-43) 6-3 ± 7 0 (0-26.5) <0-001
Number anergic (%) 0 (0) 35 (36) <0-001
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Table 2 Comparison of clinical measures, disease activity, and drug therapy in anergic patients and patientis with reactive
rheumatoid arthritis

Anergic
Mean -- SD

Reactive
Mean -- SD

Number
Age (range) (years)
Male /Female
Clinical measures

Disease duration, years (range)
Number seropositive: DAT > 1- 16 ( ",,)
Number with Nodules (vY,)
Number with Erosions (v/6)

Disease activity
Ritchie index (range)
Early morning stiffness (min) (range)
ESR (mm) (range)

Drug theraps-
Gold (%,)
D-penicillamine (vi,)
Prednisolone (<5mg/day) (9/6)

37
60- 8 + 7- 2 (5 3-73)
9/28

13- 2 + 10- 8 (0 5-29)
30 (81)
18(49)
34 (92)

4-84-- 3-2 ((-18)
104 6 - 89 (0-360)
62 9 -- 37 (1 1-105)

8 (21)
10 (27)
6 (16)

67
58- 8-- 10-5 (44-81)
18/49

11-6+- 8-9(0-3-30)
49 (73)
25 (37)
57 (85)

510(-- 4-3(0-24)
93- 6 -- 82 ((-360)
49-9 -- 37 (12-97)

1 7 (25)
15 (22)
12 (18)

There are no significant differences between the anergic and reactive groups for anv of the results.
DAT = differential agglutination titre.

Discussion

Decreased DCH to recall antigens was demonstrated
in 104 RA patients compared with 67 age and sex

matched controls. This is a generalised rather than a

selective (as postulated by Waxman et al. 4) defect as

evidenced by a significantly reduced sum score, a

reduced mode score, and no RA patient having more

than 4 positive reactions. There can therefore he littlc
doubt that CMI, as measured bv DClI to recall anti-
gens, is seriously depressed in RA.
Waxman et al. found anergv was more common in

patients with greater disease duration, whereas
Andrianakos et al. " found a correlation onIx between
depressed DCH and increasing age. The current
study found no measure capable of distinguishing the
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anergic and reactive groups. It has been shown that
aspirin does not influence DCH in vivo,24 and no
attempt was made to analyse results in terms of anti-
inflammatory drugs, at least one of which was being
taken by every patient and some controls.

All patients in this study had well established RA,
and the vexatious question of whether anergy pre-
cedes the establishment of disease in RA remains
unanswered. A prospective study, now being under-
taken by us, will hopefully provide information on
this and help overcome the limitations inherent in
cross-sectional studies, which may miss subtle
changes of DCH with time and treatment. On the
basis of this and other studies we must conclude that
at present there is no consistent feature capable of
predicting the depression of DCH in RA.

Unexpectedly the diet of RA patients (who were
elderly and had lengthy disease duration) did not
differ significantly from that of the control popula-
tion, and the normal CMI and retinol binding protein
confirm this lack of malnutrition.
The anergic group of patients had a non significant

reduction in kcal, but they, like the reactive group,
more than compensated for any diversion of protein
to calorific purposes by their high protein intake.

In summary we have shown a significant
generalised reduction in DCH to recall antigens
in RA, with the lack of distinguishing features be-
tween anergic and reactive groups encouraging our
belief that this may be an indicator of a fundamental
abnormality of CMI in RA. The dietary and an-
thropomorphic measurements revealed no evidence
for significant PEM in RA or for a difference
between RA and controls in nutritional status. Diet
did not play a major role in the anergy seen in RA.
This is both reassuring, in that our patients are not
suffering nutritionally as a result of their disease, and
disappointing, in that there is little opportunity to
improve CMI by dietary manipulation.
Part of this work was supported by a project grant from the Arthritis
and Rheumatism Council.
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