
ery, and none of the changes shown in 
Fig. 1 and by Bach and Seefelder (3) are 
apparent. Having examined full sets of 
horizontal sections through our sample 
of eyes, we suggest that Horsten and 
Winkelman's section was from the outer 
margin of the macular area. We therefore 
concur with Bach and Seefelder that the 
newborn infant's fovea is still very im- 
mature. 

One notable feature in Fig. 1, B and C, 
is the prominent split in the inner nuclear 
layer near the fovea, at the vitread mar- 
gin of a layer of larger and more densely 
stained cells. Bach and Seefelder (3) had 
described this split as the postnatal rem- 
nant of the "transient layer of Chievitz" 
between the amacrine cells ("inner hori- 
zontal cells") and the rest of the inner 
nuclear layer. Regardless of its nature, 
we find this split in the macular areas of 
all the human infant eyes we have exam- 
ined, and it also can be seen near the 
fovea of the newborn macaque's retina 
(5, 9). The width of the split may depend 
on histological procedures; though pre- 
sent in all eyes from humans and mon- 
keys, it is narrower in the eyes embed- 
ded in plastic. 

The second major finding concerns the 
paucity of cones in the foveal region and 
their very immature appearance 8 days 
after birth (Fig. 1, C and D). Even 
though very young infants have consid- 
erable visual capacity (1, 6), we suggest 
that most of it is based on extrafoveal 
vision. This agrees with arguments from 
other considerations that vision in new- 
born infants is largely determined by 
peripheral regions of the retina (10). This 
could be the reason, for example, that 
color vision in young infants (11) shows 
some of the anomalies found in peripher- 
al color vision in adults (12). When does 
the human fovea become adult in its 
morphology? Another eye from an 11- 
month-old female, which we have simi- 
larly processed, has slim, elongated fo- 
veal cones similar to those from adult 
eyes. We are attempting to obtain well- 
preserved retinas from intermediate ages 
to chart this maturation more precisely. 

The peripheral retina of the newborn 
human infant is well developed, but the 
macular area is not; indeed, in the fovea 
the receptor layer is so  poorly developed 
that it may barely be functional. This 
does not seem to be the case in the 
newborn macaque monkey (5); the ma- 
caque: '~ fovea is immature at birth but its 
cones are far more mature than those of 
a newborn human. Even though the visu- 
al system of the macaque is often used as  
a model for the human system, our find- 
ings on the retinas of newborn human 
infants suggest that although newborn 

macaque monkeys may be models for References and Notes 

somewhat older human infants, they 1. V. Dobson and D. Y. Teller, Vision Res, 18,  
1469 (1978); P. Salapatek and M. Banks, In 

may be good Communication and Cognitive Abilities; Early 
humans. Behavioral Assessment, F. D. Minifie and L. L.  

Lloyd, Eds. (University Park Press, Baltimore, ISRAEL ABRAMOV 1978). v. 61. 

Department of Psychology, 
Brooklyn College, City University of 
New York, Brooklyn I1210 

JAMES GORDON 
Department of Psychology, 
Hunter College, City University of New 
York, and Rockefeller University, 
New York 10021 

ANITA HENDRICKSON 

2. I.  kin, The Development of the Human Eye 
(Brltish Medical Association, London, 1964). 

3. L. Bach and R. Seefelder, Atlas zur Entwick- 
lungsgeschichte des menschlichen Auges (En- 
gelmann, Leipzig, 1914). 

4. R .  G .  Boothe, R. A. Williams, L.  Kiorpes, D. Y. 
Teller, Science 208, 1290 (1980). 

5 .  A. Hendrickson and C.  Kuvfer. Invest. Ooh- 
thalmol. 15, 746 (1976). 

6. M. M. Haith, in Handbook of Sensory Physiolo- 
g y .  R. Held. H. Liebowitz. H. L. Teuber. Eds. 
(Springer-~erlag, Berlin, 1978), p. 31 1. 

7. E. LaBossiere, Histological Processing for the 
Neural Sciences (Thomas, Springfield, 1976). 

Department of Ophthalmology, 8. G. P. M. Horsten and J. E .  winkelman, Vision 
Res. 2, 269 (1962). 

University of Washington, Seattle 98195 9. A. Hendrickson, unpublished observation. 
LOUISE H A I N L ~ N E  10. G. Bronson, Child Dev. 45, 873 (1974). 

11. D. Y. Teller and E. Hartmann, Invest. Ophthrrl- 
Department of Psychology, mol. Visual Sci. 20 (Suppl.), 63 (1981). 
Brooklyn College 12. J. Gordon and I. Abramov, J .  Opt. Soc. Am.  67, 

202 (1977). 
VELMA DOBSON 13. supported in part by NIH grants EY01697, 

Department of Psychology, EY01208, EY01523, EY0188, and HD08706; 
March of Dimes Birth Defects Foundation grant 

University of Washington 12-19; PSC-CUNY Research Awards 13014 and 
12220; CUNYIUCC computer grant. Labora- EILEEN LABOSSIERE tory facilities for some of this work were orovid- 

Department o f  Phvsiolonv and ed by R. Lund. 

~i iphys ic s ,  ~ n i v e k i t y  of Washington 9 November 1981; revised 28 December 1981 

Dietary Calcium in Human Hypertension 

Abstract. A pilot survey was made of the dietary calcium intake of normotensive 
and hypertensive individuals. Compared to 44 normotensive controls, 46 subjects 
with essential hypertension reported sign~ficantly less daily calcium ingestion 
(668 t 55 milligrams compared to 886 2 89 milligrams). The intake of other 
nutrients, including sodium and potassium, was very similar in the two groups. The 
hypertensives differed from the controls primcrrily in their consumption of'nonJluid 
dairy products. The data suggest that inadequate calcium intake may be a previously 
unrecognized factor in the development of hypertension. 

Of the mineral elements in the human 
diet, sodium and potassium have re- 
ceived the greatest attention as being 
possible determinants in the pathogene- 
sis of essential hypertension in humans 
(1, 2). Although the results of a number 
of dietary surveys have suggested a link 
between the dietary intake of these two 
cations and the development of hyper- 
tension, many other studies have shown 
no difference in the consumption of these 
two mineral elements among normoten- 
sive (NL) and hypertensive (HTN) indi- 
viduals (3, 4). These seemingly disparate 
findings suggest that if sodium or  potas- 
sium consumption in the diet influence 
blood pressure regulation, the effect may 
be mediated, in part, by other nutritional 
elements. 

Calcium is an essential element in nor- 
mal cellular physiology (5). Normal car- 
diovascular function is critically depen- 
dent on both extra- and intracellular cal- 
cium concentrations (6). Only recently, 
however. have abnormalities of extra- 
and intracellular calcium metabolism 
been identified in both human and ex- 

perimental hypertension (7-9). Several 
of the reports (7, 8), as well as  other 
studies (10-12), have suggested mainte- 
nance of an adequate o r  increased level 
of dietary calcium may protect the hu- 
man or  laboratory animal at risk. How- 
ever, no studies appear to  have been 
conducted on the dietary calcium intake 
of humans with essential hypertension. 
In this report we summarize our findings 
from a nutritional survey designed to 
compare calcium intake in humans with 
established hypertension with the intake 
reported in a normotensive population 
that was group matched for age, sex, and 
race. The data were also compared with 
nutritional data from the Health and Nu- 
trition Examination Survey (HANES) of 
the National Center for Health Statistics 
(13). 

The H T N  population (diastolic blood 
pressure > 95 mmHg or  mean arterial 
pressure > 105 mmHg) was composed of 
subjects recently identified as hyperten- 
sive in the Hypertension Clinic at the 
Oregon Health Sciences University 
(OHSU). The subjects were not receiv- 
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ing medication for hypertension at the means of a computer-facilitated dietary was also similar (Fig. 1c) among the 
time of evaluation. Blood pressures were 
determined in the recumbent position 
according to the standard criteria of the 
American Heart Association, and were 
repeated on two separate occasions be- 
tween 8:00 and 9:00 a.m. The HTN sub- 
jects were entered into the protocol if 
they met the blood pressure criteria, had 
not received nutritional counseling and, 
by standard history, physical, and labo- 
ratory examination (serum electrolytes, 
BUN and creatinine, urinalysis, com- 
plete blood count, chest x-ray, electro- 
cardiogram) were diagnosed as having 
uncomplicated, essential hypertension. 
The NL control population was drawn 
from healthy volunteers at OHSU. A 
total of 44 NL and 46 HTN subjects 
participated in the survey. 

Without prior warning the participants 
were asked to provide a complete oral 
recall of their dietary intake for the pre- 
vious 24-hour period in accordance with 
a previously tested protocol (14). They 
were not told the purpose of the survey 
prior to providing the recall data. The 
recall protocol was applied to the NL's 
and HTN's in a random fashion without 
regard to the day of the week. The 
dietary recalls were then evaluated by 

analysis program developed at the 
School of Dentistry of the OHSU. 

The NL population included 16 males 
and 28 females; the HTN group included 
19 males and 27 females. One NL male 
subject was excluded from the analysis 
because he reported a 24-hour calcium 
intake of 5123 mg. The mean age of the 
NL's was 39 years, while that of the 
HTN's was 42 years (not significant). 
The body weights of the subjects in the 
two groups were comparable. Total calo- 
ric intakes (mean i- standard error) of 
the HTN (1790 r 108 kcal) and NL 
(1945 t 107 kcal) subjects are shown in 
Fig, l a  and compared to the average 
U.S. intake (1971 kcal) reported in the 
HANES (15). Caloric intake did not dif- 
fer among these three groups. The distri- 
bution of the primary food sources (Fig. 
1b)-protein, carbohydrate, and fat- 
was also similar between the HTN and 
NL subjects in our study. Furthermore, 
with the exception of the carbohydrate 
consumption reported by the HTN's 
(189 + 12 g; for HANES, 223 g), the 
distribution among all primary food 
sources for both our HTN and NL sub- 
jects was virtually identical to that noted 
in the HANES. Sodium consumption 

HANES 
NL 
HTN 

ja I ! 1 

100 1000 2000 0 100 200 
Total calories (kcat) Distribution of food energy (9) 

I 4 I I Id I I t I 

1500 2500 100 1000 2000 
Sodium (mg) Potassium (mg) 

z Fluid milk + 
I Other dairy products 

e I I I a I / f 
I J 

200 600 800 200 600 
Calcium (mg) Calcium intake (mg) 

Fig. 1. Results of a pilot survey of the dietary calcium intake of 46 subjects with essential 
hypertension and 44 normotensive control subjects. The results are compared with the HANES 
data (13). (a) Reported dietary intake of total calories; (b) distribution of food energy; (c) sodium 
intake: (d) potassium intake; (e) calcium intake; (f) distribution of dairy calcium intake between 
fluid milk and other dairy product sources. 

three groups (16). Compared to the re- 
ported intake of sodium in the HANES 
(2229 mg; 97 meq), both the HTN 
(2564 i- 178 mg; 112 + 8 meq) and the 
NL subjects (2508 r 222 mg; 109 + 10 
meq) consumed similar quantities of so- 
dium. Likewise, potassium intake (Fig. 
Id) was similar for the two populations 
studied (HTN's, 1977 i 134 mg, 51 2 3 
meq; NL's, 2001 i- 122 mg, 51 2 3 meq) 
and equivalent to that reported in the 
HANES (2210 mg; 57 meq). As depicted 
in Fig. le, reported calcium consumption 
differed significantly (Mann-Whitney, P 
< .05) between the HTN's (668 + 55 
mg) and NL's (886 t 89 mg). The di- 
etary calcium intake of our NL subjects 
did not differ from the value reported in 
the HANES (857 mg), but the HANES 
value was greater than in our HTN sub- 
jects. As further evidence of the differ- 
ence in the amount of calcium consumed 
by the HTN's, only 8 out of 46 HTN's 
reported consumption over 1 g of calci- 
um per day, whereas 18 out of 44 NL's 
reported greater than 1 g (P  < .025). 

The sources of dietary calcium also 
differed between the two groups (Fig. 
If). The two groups consumed similar 
quantities of calcium from nondairy 
sources and from milk. However, dairy 
products other than milk provided 
400 t 78 mg of calcium to the diet of the 
NL's but only 148 e 34 mg to the diet of 
the HTN's (median HTN, 21 mg as op- 
posed to NL, 225 mg; Mann-Whitney, 
P < .01) (17). 

Although sodium has been assigned a 
central role in the genesis of hyperten- 
sion (I), the "sodium theory" remains 
controversial, in part because within 
most societies there is no demonstrable 
difference between the sodium intake of 
subjects with hypertension and subjects 
who remain normotensive. Although hy- 
pertension in some societies appears to 
be associated with the level of sodium in 
the diet, there are other cultures that 
have a remarkably low prevalence of 
hypertension in spite of high sodium 
intake (3). Rather than requiring a corre- 
lation between sodium intake and blood 
pressure, some investigators have specu- 
lated that there is a threshold of dietary 
sodium that unmasks the hypertensive 
state in those individuals genetically pre- 
disposed to the condition (1). 

Our data indicate that individuals with 
hypertension may ingest less calcium 
than NL subjects. However, our survey 
was not designed to exclude possible 
differences between the two groups in 
other components of the diet or the pos- 
sible influences of socioeconomic status. 
Further studies are needed to determine 
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the relation of our findings to magnesium 
balance, energy metabolism, sodium and 
potassium handling by vascular and re- 
nal tissue, and the contribution of essen- 
tial vitamins to  cardiovascular physiolo- 
gy. It is also possible that the condition 
of hypertension predisposes individuals 
to decrease their calcium intake. 

There is evidence that humans with 
essential hypertension, as  well as  labora- 
tory animals used a s  models of hyperten- 
sion, have associated abnormalities of 
calcium metabolism (7-9, 18). Data from 
a number of epidemiologic studies indi- 
cate an inverse correlation between the 
calcium content of drinking water and 
the mean arterial blood pressure o r  prev- 
alence of hypertension in humans living 
in specified geographical regions (19). In 
laboratory animals, increased calcium 
intake lowers blood pressure in normo- 
tensive animals and attenuates the devel- 
opment of hypertension in hypertensive 
models (8, 11, 12); the earlier a calcium 
supplement is introduced, the greater the 
long-term reduction in blood pressure 
(11). 

Our results are interesting for several 
reasons. First, the HTN patients and N L  
volunteers reported typical values for 
the other nutritional components of their 
diet. Second, although the calcium in- 
take of the HTN's  was significantly low- 
er than that of the NL's, the HTN's  
intake was still within the lower limits 
recommended for Americans. If, as  the 
data suggest, HTN subjects require a 
normal or even increased amount of di- 
etary calcium, the calcium intakes re- 
ported by the HTN's  in our survey may 
be inadequate. Third, in contrast to the 
values for sodium or  potassium intake, 
we found a significant difference in calci- 
um intake when the study population 
was segregated on the basis of the pres- 
ence or  absence of high blood pressure. 
Overall these data suggest a link between 
decreased calcium intake and excessive 
dietary sodium in the pathogenesis of 
human hypertension. For  example, in- 
creased sodium intake is associated with 
enhanced sodium excretion by the kid- 
ney and consequent calciuresis (20). At 
the cellular level, modification of calci- 
um homeostasis in vascular tissue may 
alter intracellular concentrations of Nai  
and K i  as  well as  transmembrane fluxes 
(21). 

Calcium intake is decreasing in the 
United States (22), and dietary calcium is 
already well below acceptable levels 
among some segments [black and elderly 
subjects (23)l of the society who are at 
greater risk of developing high blood 
pressure. The results of our survey 
should also sound a note of caution as  
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several of the dietary restrictions (for 
example, low cholesterol, low sodium) 
now recommended to persons with hy- 
pertension could potentially result in 
concurrent, inadvertent, additional re- 
duction in calcium intake. 

DAVID A. MCCARRON 
CYNTHIA D. MORRIS 

CLARICE COLE 
Division of Nephrology a n d  
Hypertension, Oregon Health Sciences 
University, Portland 97201 
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Intrathecal Interferon for Multiple Sclerosis 

Jacobs et  al.  (1) reported a clinical trial control groups during the study, but, 
in which intrathecal interferon reduced according to the data in their table 1 ,  the 
exacerbations in patients with multiple probability was .I04 (two-tailed t-test). A 
sclerosis. However, the methods these further difficulty is that the non-norrnali- 
authors used and certain errors in their ty of the rates makes the t-test inappro- 
report raise questions about their find- priate; with the more appropriate Mann- 
ings. Whitney U test (3), P = .12. 

Although Jacobs et  al. described their Jacobs et  a l ,  did not describe the pro- 
study as "a randomized controlled cedure for retrospectively determining 
study," the number of years on study the number of exacerbations before the 
was longer for every patient in the treat- study or  the duration of disease. The 
ed group than for any patient in the treated patients reported a significantly 
control group (2). The reason for this higher prestudy rate of exacerbations 
was not explained. than controls (which is unlikely in a truly 

The authors reported a statistically randomized study). Since a spuriously 
significant difference ( P  < .05) in the high rate in the treated group would 
rates of exacerbation in the treated and overstate the efficacy of the treatment, 
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