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I .  The results of a previously reported controlled trial of vitamin supplementation of elderly 
hospital patients, in which capillary resistance was measured by the Hess test, were examined 
and analysed statistically. 

2. Capillary resistance was reduced during successive 3-monthly tests over a period of IZ 
months and the reduction was related to leucacyte ascorbic acid concentration. 

3.  It is postulated that the rate of recovery from capillary trauma inflicted by the test was 
dependent upon the function of ascorbic acid in the hydroxylation of proline to hydroxyproline 
during collagen synthesis. 

Since Hess (1913) first described the appearance of ‘numerous little haemorrhages ’ 
after the application of a sphygmomanometer cuff at a pressure of 80 mm Hg for 
3 min to the arms of children suffering from infantile scurvy, many workers have used 
the test with various modifications and with contradictory results. Most properly 
controlled studies in which capillary resistance was related to blood and tissue 
concentrations of ascorbic acid have been unable to demonstrate a useful relationship 
between the test and vitamin status, but there have been notable exceptions. Gothlin 
(1931, 1933) was able to relate the results of the test to vitamin deficiency, and the most 
striking example of contradiction is the appendix by Scarborough to the report by 
Bartley, Krebs & O’Brien (1953) of the Sheffield study of experimental scurvy. 
Scarborough’s Hess tests showed abnormal results in all but one of ten scorbutic 
young subjects, but the main report of the same investigation found no such relation- 
ship. The subject has been reviewed by Munro, Lazarus & Bcll(1947-8) and recently 
Krasner & Dymock (1970), using the I-Iess test and a negative pressure angiosterro- 
meter, came to the conclusion that capillary resistance is independent of buffy layer 
ascorbic acid. 

The clinical studies 
By the courtesy of Dr G. F. Taylor, I have been able to examine his original 

records of a controlled study which has been previously reported (Griffiths, Brockle- 
hurst, Scott, Marks & Blackley, 1967; Brocklehurst, Griffiths, Taylor, Marks, Scott & 
Blackley, 1968; Griffiths, 1968; Taylor, 1968). In  this study of eighty elderly hospital 
patients selected at random, forty were given a daily multivitamin tablet containing 
200 mg ascorbic acid for a year and forty controls were given a placebo. Measurements 
of leucocyte ascorbic acid were made at 3-monthly intervals. Hess tests were performed 
at the same time by applying a sphygmomanometer cuff to the right arm at a pressure 
of IOO mm Hg for 5 min and counting petechiae appearing in a circle of skin of 25 mm. 
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Table I. Mean values with their standard errors for leucocyte ascorbic acid concentrations 

(pg/Io8 WBC) and counts of capillary haemmrhages in Hess tests in elderly patients 

Control group Treated group 

Ascorbic Ascorbic 
* r \ 

No. of acid No. of acid 
Examination subjects concentration Hess count subjects concentration Hess count 

Pilot study 31 - 6.1k1.1 35 - 4.6 & 0.9 
I (0 months) 40 15-2+1*2 12-3f12  39 15*5rf:1.9 8.4+ 1.3 
z (3 months) 35 19’9kI.7 I2.8AI-5 39 43’5k2.6 I O . ~ + I . Z  
3 (6 months) 33 27*9+2.3 21-8fz.o 34 56.8 rf: 3-3 10.3 i 1.2 
4 (9 months) 22 24.6 k 2.6 28.5 f 2.8 24 53-8 & 3-4 10.8 k 2.4 
5 (12 months) 27 26.6k3.1 32.3fz-1 31 54‘7+4-4 g*orf:20 

12’0 k 2.9 After trial (I 8 months) 

first and fifth examinations. 

- 24.3k2.8 22 - 26 

There were eleven deaths in the control group and seven deaths in the treated group between the 

Table 2. Numbers of surviving elderly patients at  given concentrations of leucocyte 
ascorbic acid and Hess counts of capillary haemorrhages at  the f i f th  examination 

ascorbic acid I-A-, Total 
lpglloS WBC) 0-9 10-29 30+ patients 

0-9 I 4 I 0  75 
2-39 9 4 7 20 
40 4- 12 8 3 23 

Total patients 22 16 20 58 

22 = 13.78; P < 0.01. 

Leucocyte Haemorrhage counts in Hess test 

Each patient had received at least five Hess tests at 3-monthly intervals. Some had receivedsixorseven. 

diameter over the insertion of the biceps. Some subjects received a preliminary Hess 
test 3 months before the start of the trial, and forty-eight survivors were tested 
6 months after the conclusion. The test was blind. On present inspection, the manu- 
script records of the clinical observer are clearly those written at the time of clinical 
examination without subsequent revision or alteration. 

Although Brocklehurst et al. (1968) obtained highly significant statistical differ- 
ences for values of Hess tests at the end of their trial between treated and control 
groups, Griffiths (1968) was unable to show an association between the Hess test and 
ascorbic acid deficiency designated as less than 24/pg per 108 white blood cells (WBC). 
But examination of the clinical records reveals a clear association between the 3- 
monthly values for leucocyte ascorbic acid concentrations measured by Griffiths and 
the Hess tests measured at the same time independently by Taylor. The results show 
interesting features which tend to mask this association. 

R E S U L T S  

Statistical analyses of the results are shown in Tables I and z and in Fig. I .  

At the five successive examinations during the trial the coefficients of linear 
correlation between leucocyte ascorbic acid concentrations and Hess counts were : 



Vol. 27 Capillary resistance and ascorbic acid deJiciency 539 
0-29.9 &g/108 WBC I 30+ pg/108 WBC 

10-29 

12 m o n t h s  

x:=16.67 

&9 P <0~0005 

9 m o n t h s  

10-29 x:=13.54 

I I 10-30 
6 m o n t h s  I 
~:=10.32 

0-9 P<0.005 

I 

10-30 

0-9 
I I I 1 

rl = 0, r2 = -0.02, r3 = -0.44, r4 = -0.52, r5 = -0.44. The last three coefficients 
(r3, r4, r5) are statistically highly significant ( P  < O.OOI). 

Twenty-six of the controls who were still in hospital were Hess-tested 6 months 
after the conclusion of the trial. The coefficient of correlation between the last 
recorded leucocyte concentration and the final Hess count taken 6 months later was 
r = -0.54 (P  < 0.01). 

In both trcated and control groups, Table I shows that there was a highly significant 
rise in Hess counts between the preliminary examination 3 months before the start of 
the trial and the first examination of the trial, to about double the original values. This 
may be partly attributed to increased attention by the observer to tests made in the 
trial as compared to tests in the pilot study, and it may be partly due to a real increase 
occurring at successive examinations in vitamin-deficient subjects, an increase which 

3 m o n t h s  

10-30 ~ : = 4 . 6 4  

0-9 P<0.05 

0 m o n t h  

P=1,0 
I I I 1 
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was constantly shown by the control group. Each examination of the control group up 
to the conclusion of the trial resulted in a higher mean Hess count than that found in 
previous examinations ; there are highly significant differences between counts at the 
beginning, middle and end of the trial. In  the treated group there is no statistically 
significant difference between the results of successive examinations in the trial, and 
there is none between those of the five trial examinations and the final examination 
6 months after the trial. The changes which occurred in the control group, therefore, 
appear to be due to some instability in the subjects rather than to observer error. 

Fig. I shows an increasing relationship between Hess counts and leucocyte con- 
centrations, becoming apparent at the 2nd test at the 3rd month whena clear distinction 
emerged between numbers of haemorrhages counted in patients with concentrations 
less than 30 ,ug/Io8 WBC and in those with 30 ,ug/Ios WBC or more. By the fifth 
examination at the conclusion of the 12 months' trial, Table 2 shows statistically 
highly significant differences between subjects grouped in ranges of 20 pg/Io8 WBC. 

D I S C U S S I O N  

One possible reason for these progressive differences in the Hess test as the trial 
proceeded is that each application of the pressure cuff for 5 min inflicted some degree 
of trauma on capillaries, even where no haemorrhages were visible on clinical examina- 
tion. Subjects who were treated with ascorbic acid, or who had high tissue concentra- 
tions, made a complete recovery from any capillary trauma within 3 months, but 
deficient subjects did not recover and therefore showed an increasing liability to 
capillary haemorrhage at successive examinations. There is some supporting evidence 
for this in the observation by Brocklehurst et al. (1968) that spontaneously occurring 
skin haemorrhages counted on the arms before the Hess test increased at successive 
examinations of the control group. These increases appear to have been predomi- 
nantly in the right arm, thc arm used for Hess tests in previous examinations. 

Gothlin (1933) considered that in a series of tests on one person it was necessary to 
allow at least a fortnight, but preferably a month, to intervene between each test so 
that the ruptured vessels have time to heal perfectly. Udenfriend (1966) has shown that 
in collagen synthesis, hydroxylation occurs after the incorporation of the proline 
residue into the peptide chain, and that the hydroxylation of the peptidyl proline is 
dependent upon ascorbic acid. Priest (1970) demonstrated that the formation of the 
hydroxyproline-containing protein of basement membrane in cell culture (as measured 
by the incorporation of radioactivity from tritium-labelled proline into peptidyl proline 
and hydroxyproline) was stimulated by ascorbic acid and restricted by deficiency. As 
the synthesis of epithelial and vascular basement membrane appears, therefore, to be 
dependent on ascorbic acid, Priest has suggested that the haemorrhagic ' scorbutic 
spots' of adult scurvy may be attributed to a restriction of synthesis of basement 
membrane. Limitations imposed by low concentrations of tissue ascorbic acid on the 
repair of basement membrane damaged to the point of rupture by successive tension 
stresses would account for the instability of controls shown in Table I .  The significant 
correlation (Y = -0'54; P < 0.01) between the last ascorbic acid estimates for the 
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controls and the final Hess test 6 months later suggests that recovery of damaged 
basement membrane was limited by the tissue concentration of ascorbic acid over a 
period of 6 months; apparently at the lowest concentrations the synthesis of basement 
membrane was still restricted. 

I n  an investigation of fourteen elderly patients, Windsor & Williams (1970) 
demonstrated an increased excretion of hydroxyproline after treatment with I g 
ascorbic acid daily of patients with ascorbic acid concentrations below I j pg/Io8 WBC, 
suggesting that hydroxylation of proline and the synthesis of collagen and basement 
membrane were restricted at this concentration. At the start of the trial of Brockle- 
hurst et al. (1968), sixty patients had concentrations below 20 pg/Ios WBC, of which 
twenty-three were below 10 pgl108 WBC. At the end of the trial fifteen were below 
20 ,ug/IoS WBC. In their recent experiments Baker, Hodges, Hood, Sauberlich, 
March & Canham (1971) and Hodges, Hood, Canham, Sauberlich & Baker (1971) 
found that a concentration of 0.3 mg ascorbic acid/Ioo ml in whole blood was critical 
and at this point blood levels failed to correlate with the size of the body pool of 
ascorbic acid. Their scorbutic subjects had concentrations higher than this on many 
occasions during overt manifestations of scurvy. This concentration corresponds to 
approximately 15 pglIo8 WBC in the estimates given by Griffiths (1968). 

The  instability of deficient subjects may go some way to explain discrepancies in 
results from this test. Over the whole range of the controlled trial there was no 
relationship between vitamin status and capillary resistance, each stage of the trial has 
to be considered separately to observe an association. Studies based on single tests of 
each subject would show no correlation with vitamin status; in Table I the lowest 
tissue concentrations of vitamin are associated with the highest capillary resistance. 
The results from this controlled trial do not therefore conflict with those of Krasner & 
Dymock (1970), which appear to be based on single Hess tests. Krasner & Dymock 
note that the Hcss test is difficult to repeat because of the extent of petechial formation 
over the whole arm. 

Tests for capillary resistance are not specific tests for ascorbic acid deficiency. 
Elderly patients commonly suffer from disturbances of adrenocortical activity and 
disorders of collagen metabolism other than ascorbic acid deficiency. But deficiency 
of ascorbic acid is one of the collagen diseases, and if it occurs it appears likely that 
there would be some intcrrelationship between the deficiency and related disorders 
with which it shares a similar pathology and symptomatology. Tests for capillary 
resistance appear to have a very limited value in the diagnosis of specific vitamin 
deficiency. 
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