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Nutritional Factors 

in Corneal Xerophthalmia and Keratomalacia 
Alfred Sommer, MD, Muhilal, PhD 

0 Six measures of nutritional status ation and "keratomalacia" remains SUBJECTS AND METHODS 
were studied in 162 consecutive cases of less certain. As already described (p 404),3162 conse
presumed nutritional keratopathy rarging 
from mild xerosis through full-thickness See also p 404. cutive patients with corneal xerophthal

mia or keratomalacia seen at the Cicendonecrosis (keratomalacia) and In a variety (Indonesia) Eye Hospital between June 
of control subjects. The severity of cor- Reports of corneal destruction are 1977 and September 1978 underwent
nealInvolvement was related to the sever- almost entirely limited to malnou- detailed ophthalmic, pediatric, and bacte

,ity of wasting, prevalence of edema, and rished persons' ,","'" in whom serum riologic examinations and were classified, 
serum levels of albumin, transferrin and protein levels have been severely by severity of corneal involvement, into 
vitamin A. Even the most severe corneal depressed.12 3 Yap," Kuming' and eight files grouped into three categories 
alterations were compatible with normal Emiru" ; believed protein deficiency is (Table 1). They ranged in age from 1 month 
indices of protein and anthropometric sta- the basis of keratomalacia. However, through 12 years (median, 3 years); 53% 

tus, but not with normal serum vitamin A most authors studied only a limited were male. 
levels. Analysis suggests that interaction spectrum of corneal disease, relied on Three milliliters of venous blood was 

fragmented nutritional data collected collected from each patient and spun, andbetween vitamin A and protein status fthe supernatant was stored at -20 'C. The 
determines cellular adequacy of vitamin A retrospectively, and observed highly vitamin A level was determined by the 
metabolism, which virtually collapses In biased groups of subjects seen initial- method of Neeld and Pearson," usually 
keratomalacia. Serum levels of holoreti- ly for severe protein-energy malnutri- within one week and never more than two 
nol-binding protein were severely and uni- tion. Interpretation and comparisons weeks after collection. The holoretinol
formly depressed in all degrees of corneal are further hampered by variations in binding protein (HR3P) level was deter-
Involement. diagnostic criteria. We present nutri- mined by the method of Glover et al," ' 

(Arch Ophthalmol 1982;100:399-403) tional and biochemical data on the 162 usually within two months and never moreconsecutive cases of gross corneal than eight months after collection. Trans
involvement described and classified ferrin levels were determined by the technique of Mancini et al." All laboratoryin the accompanying report (p 404). investigations were conducted in a coded,N utritionally related corneal dis- Results indicate that severity of cor- tiasked fashion. Owing to equipment fail

d"2ease has long been recogni neal involvement is directly related to tire, vitamin A determinations could not be 
and still accounts for at least 250,000 adequacy of vitamin A metabolism, run on blood specimens collected between 
new cases of blindness every year.' 
Vitamin A deficiency is clearly the 
basis of punctate keratopathy4 and Table 1.-Clinical Classification of Corneal Cases' 

'- l' corneal xerosis The relative impor- No. of 
tance of vitamin A and protein defi- Class File Clinical Description Cases 
ciencies in the etiology of severe ulcer- X2 I Mild xerosis: haziness and loss of 24 

luster 
2 Moderate xerosis: surface has 24 

dry, "peau d'orange" appear
ance
Accep.il for pullication April 1, 1981. 3 Severe xerosis: presence of kera- 5
 

From the International Center for Epidvmito- tinized plaques
 
logic andI rivenlive Ophitli lnl'e gy, Wilnwr X3A 4 Small ulcer: sharply demarcated, 45phtihalmol ogical Institu e, The Johns H opkinsMe~dical Institutions, liahtinort- (iDr Sommenr);orJe -3 mm indiameter, superficial 
Helen Keller International, New York (i)r So- or deep
tn rl; Nutritional Illin r,(ess Irevcntion 'roject, 5 Large ulcer: usually full thickness, 5 
Handung, In(tltotsia (lrs Sonittir atnd Mullilal; may be variant of file 4 or 6 le
and the Nationl Institute ftr Nutrition sion 
lRtsearchl, Btogor, lnltesia tl r Muhihalt. X3B 6 Localized stromal necrosis 34
 

IO'atl in tart at li, Sixth 'uropean ('ongress 7 Complete corneal necrosis: unilat- 13
(if Oplhthalnmology, lh'ighhon, tIp:nland, April 25, eral 
Iltll. ,8 Complete corneal necrosis: bilat- 12 

stt to Wil n (T() 0hth iah 
Inslituht,, 61110N Wolfe St, ialtimore, NID 21205 
I[}rD t by most severe lesion in worst 

lft -trint reu sS ttlt g i a l era l 

Sttnterl..Classified eye (p 404). 
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Table 2.'- Severity of Corneal Disease 
Among All Abnormal Cases and Those 

With Matched Control Cases 

% Distribution by File 

All Abnormal 
File Cases (n = 162) 

2 14.8 

3 3.1 

4 27.8 

5 3.1 
6 21.0 
7 8.0 

8 7.4 
1-3 32.7 

4-5 30.9 
6-8 36.4 

Those With 

Matched Control 

Cases (n 33) 


15.2 

3.0 
33.3 

0.0 
12.1 
18.2
 

3.0 

33.3 

32.3 
33.3 

Table 4.-Prevalence of Pedal 

Edema in Corneal Xerophthalmia 


No. of Edema Present, 
File' Case* No.(%) 

1-3 53 10(18.9) 
4-5 50 15(30.0) 
6 30 9(30.0) 

7-8 24 12(50.0) 
Toial 157 46(29.3) 

Files I through 6 vs 7 and 8: P < .05. 

July 11;,177, and Jan 1978, and on1.1, 
IIR131 collected after May 15, 178. Initial 
valits of onle,oirtitother wert' availahle on
1n10111than !)", of (6ases.All were olt*(re( 

free hospitalization and rvte ived ot of 

sv(',ralI ligli-dose vitalillin A treat'il1('lit 

scli l]b's.:' 

A sohsanliile of rasps, reprvsent atiV of 

t0'various fortas of vol'real involvet-ent, 
was silct-ld fat, elidi'liloh rit'stildy. 

in tIl, paired comparison. 'lh- svvetrity of' 
cornu-al invol'viiient amiong all patients 
was similarIt that illtht(sitligi-tp \vithI 
nialihtil control subiijetts (Tailt'h 21. 

Statistical tsls ineltdd \2 anl ysis 
withIls Corrctitoin, Fishtr's i-xacI test, 
Situdlent's 1 Itl ortain m 

torescotii oitolal i I-i It' ) or i-p- -


Clinical 
Severit7 

(File) 
1-3 

4-5 
6 

___7-8 

Total 

Table 3.-Weight for Height of Corneal Xeropithalmia Cases 

No. of 

Cases 

53 


49 

32 

25 


15s 

*Adapled from Jelliffe. 3 

linear trend. 

% Distribution by % of Standard' 

L_90% 80%-89% 70%-79% 60%-69% < 60% 
32.1 30.2 30.2 3.8 3.8 

20.4 38.8 32.7 8.2 0.0 
12.5 34.4 50.0 0.0 3.1 
8.0 28.0 24.0 24.0 16.0 

20.8 33.3 34.0 7.5 4.4 

Degree of wasting correlated with severity ofcorneal involvement, P < .02 by 

Table 5,--Serum Albumin Levels in Corneal Xerophthalmia 

% Distribution by Serum Albumin Level
 
No. of 
 - 3.5 3.4-3.0 2.9-2.5 2.4-2.0 < 2.0 

File Cases g/dL g/dL g/dL g/dL g/dIL Moan* SE 
1-3 53 35.8 34.0 24.5 3.8 1.9 3.20 .07 

4-5 48 29.2 35.4 25.0 6.3 4.2 3.12 .08
 

6 33 27.3 27.3 36.4 6.0 3.0 3.07 .09
 
7-8 25 20.0 4.0 28.0 44.0 4.0 2.65 .15
 

Total 159 29.6 28.3 27.7 11.3 3.1 ... ...
 
•Mean levels files I through 6 vs 7 and 8, P < .01 

Table 6.-Serum Transferrin Levels in Corneal Xerophthalmia 

% Distribution by Transterrin Level 

No. of - 200 199-150 149-100 99-50 < 50 
File Cases mg/dL mg/dL mg/dL mg/dL mg/dL Mean' SE 
1-3 47 36.2 12.8 17.0 12.d -1.3 131.3 13.4 
4.5 45 17.8 17.8 31.1 13.3 20.0 128.6 12.0 

6 - 30 26.7 13.3 20.0 16.7 23.3 135.9 18.3 

78 22 9.1 4.5 9.1 27.3 50.0 75.4 15 1 

Total 144 243 13.2 20.8 16.0 25.7 ... ... 

Mean levels files 1 through 6 vs 7 and 8, P < .01 

nient measure of body mass. Being 
self correcting for past episodes of 

''wenIty-ive hilren living in the illtroP-growth retardation (stunting), it pro-
diate vicinity of ta'h oft liorts patients wvere vi;des data opresent sta
exatjvid, and clinileally nonxroplhtllal-
nic chihren \vert seht-ld as control stil- tus (wasting). Table 3 indicates that 

telctsIlatchtd for age and sex. '('heir (Ir- severity of corneal involvement was 
ents were (1couraged toretirlinl wit h Ihevni di,-'tly related to the degree of wast-
to the hospital fioreXalilalill. Alling 60 ing (<80% of standard, P < .02 by
sich iIlltched (ntrml suhje'cts, lilthad linear trend); however, all corneal 
clini.. ('vidit,.,of xer-olpiiht \'hilta1anifestations, completewhen including 
exumined in the hospital. 'l'h, rliaillingl51 linbal-to-liznhal necrosis (keratoma-
helonged to 3ol-lirveal case s, proViding lacia, files 7 and 8), are compatible 
morthan i il tliaeris ais. Weia with normial anthropometric status. 

r (i an one (tli sulhielt Ods Ilviila- ,oe wigt 
ile for a patient, th' a.,l'tavaluti the A hnornial subjects had a weight forftor 


1mull iply control detviaii'latills was iseid height 15% ± 2.5% below that of 

for cont iuity, trenil lilroplit-l
lint-air Ifor 


tiois.alillttetricietifori-latiln.: -'2 ,i).Twenty-one lercent of natched 
cases, but ntne of their control sub-

RESULTS jeets, were edemiatous (n= 33 pairs,
General Nutritional Status 1 < .01). 

Weight for height, exprt'ssed as a Stontatitis was present in 21% of 
percentage of standard, ' is a eonve- cases, without any consistent varia-
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their iatched control subjects (n = 32 
pairs, P < .001 ). 

Pitting edema (kwashiorkor) was 
present in 29% of all corneal cases, 
tile prevalence increasing with the 
severity' of corneal involvement and 
being particularly common among 
Cases of total corneal necrosis (Table 

tion by type or degree of corneal 
involvement. Cheilosis was present in 
only two cases. 

P roteittStna 


Both serum albumin and transfer
rin are useful indices of basic protein 
status; however, albumin, with a half
life of 14 days,'' responds less rapidly 
to alterations in diet.1, ' Both are 
more stable than prealbumin, which 
has a half-life of only two to three 
dlavs27  and is sensitive to acute, mod

crate alterations of protein intake in 
even well-nourished persons.-"-

Serum albumin (Table 5) and trans
ferrin (Table 6)levels in corneal cases 
varied widely. Mean levels were espe
cially depressed in instances of total 
corneal necrosis, but even severe dis
ease was conmpatible with normal ]ev
els. 

The mean difIrerence in albunin lev

els between corneal cases and 
matched control subjects, on paired
analysis, was 0.84 ± 0.13 (SE) g/dL
(n = 32, P < .001), and in transferrin 

levels was 181 + 22 (SE) mg/dL 
(n = 24, P < .001). 
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Table 7.-Serum Vitamin A Levels in Corneal Xerophthalmia 

% Distribution by Serum Vitamin A Level 

No. of 10-14 
File Cases < 10 pg/dL pg/dL 
1-3 26 61.5 26.9 
4-5 32 68.8 28.1 
6 25 92.0 4.0 

7-8 15 80.0 20.0 

Total 98 74.5 20.4 

*r= .964, P<.01. 
tRepresents a single borderline case (21 mg/dL). 

30 

25
25 	 ',, 

',%completely
% 

20 %% 

!2E 15>(Files 

E * " %t' 


5 

.. - :" 
0 .,effect 

15-19 _ 20 
,tg/dL pg/dL Mean' SE 

7.7 3.8?t 8.2 0.94 
3.1 0.0 7.2 0.70 
4.0 0.0 5.4 0.72 
0.0 0.0 5.2 1.01 

4.1 1.0 ... ... 

,the 

* X3B (Files 6-8) 

.	 - A and•X• 
(Fnies X-2

5) 
Control Subjects 

'injectable 

1.5 2.0 2.5 3.0 3.5 4.0 4.5 5.0 5.5 6.0 

Serum Albumin, g/dL 

Fig 1.-Serum albumin and vitamin A levels of corneal cases and control cases. All cases of 

corneal necrosis (files 6 through 8) fall below solid line; all corneal cases fall below dotted 

line and all control cases fall above dotted line. 

_ 30 -	 J 
, aa a, 

...... aSerum 

25 	 -* 

' .... .... 
20-	 . ...... 

5 	 " . .. dm(n 
, ,(Not 	 Control Subjects) 

E 	 1" MatchedControlSubjects 

.) of XN and X1B Cases 
- inRandom Sample 

, a 

a 	~ 
01.5jects i

.5 2.0 2.5 3.0 3.5 4.0 4.5 5.0 5.5 6.0 

Serum Albumin, g/dL 
Fig 2.-Serum albumin and vitamin A levels of randomly sampled, clinically normal children 
in longitudinal field survey conducted in same province as hospital study." Random sample
includes children who were and were not matched control subjects of cases of night
blindness (XN) and Bitol's spots (X 1B) encountered in survey. Boundaries same as those in
Fig 1. 
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Table 8.-Serum Holoretinol-Binding 

Protein (HRBP) in Corneal Xerophthalmia 

No. of -
File Cases Mean SE 
1-3 38 1.13 0.22 
4-5 28 1.00 0.23 
6 15 1.33 0.31 

7-8 14 1.07 0.22 

Vitamin A Status 

In addition to equipment failure 
already mentioned, three subjects 
were excluded from analysis: two, 
both in file 8, were known to have 
received oral vitamin A before joining

study, and one, in file 7, with a 
nec,'otic left cornea aid 

classic xerophthalmic ulcer in tsie 
right cornea, had a serum vitamin A 
level grossly out of range (32 jg/dL), 
being 6 SDs from the mean and higher 
than any value observed in cases ofvitamin A-responsive Bitot's spots '.

or normal control subjects. We sus
pected that the child had recently
received oral vitamin A or that there 

was labor-tory error. Three patients 
known to have recently received oil

vitamin A, which has little 
' on serum vitamin A levels, are 

included in the analysis: two had the 
highest vitamin A levels in file 7 (12
and 13 Pg/dL, respectively), and one, 
in file 2, had the highest level of all (21
pg/dL). 

Aside from these exceptions, serum 

vitamin A levels were depressed (< 20 
pg/dL) in all cases (Table 7). Mean 
levels were directly related to the 
severity of corneal involvement
(r= .964, P <.01). 

HRBP levels were seveiily 
depressed in all categories of corneal 
involvement (Table 8). 

The mean differences in serum 
vitamin A and HRBP levels between 
corneal cases and matched control 
subjects wtre 10.2 ± 1.5 (SE) pg/dL

= 16, P < .001) and 9.8 ± 1.6 (SE) 

pg/mL (n = 17, P < .001) respectively. 

Vitamin A-Protein Interaction 

Corneal cases and control subjects 
are plotted by serum vitamin A and 
albumin levels in Fig 1. The overlap 
between abnormal and control sub

when these factors are considered independently disappears whenthey are considered together. The sin

gle control subject falling within the 
X3J3 (files 6; through 8) boundary was 
a 3-month-olh twin of an abnormal 
subject. Although his conjunctiva and 
cornea appeared normal, he could, 
conceivably, have been night-blind. 
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15 'and 
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> 
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U) 
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0 
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Serum Albumin, g/dL 
Fig 3.-Serum albumin and vitamin A levels of vitamin A-responsive cases of Bitot's spots 

studied in same hospital." Boundaries same as those in Fig 1. 

Table 9.-Albumin-Standardized Serum Vitamin A Levels 

Clinical Casbiuicatlon' 

X2 X3A X3 
g/dL Normal (Files 1-3) (File 4) (Files 6-8)

Category, 

> 3.5-< 4.0 
No. 110 9 7 6 

Albumin, mean 3.8 3.8 3.7 3.8 
Vitamin A, mean 19.6 7.8 8.4 3.8 

Vitamin A, SD 7.7 5.5 3.2 2.0 

3.0.< 3.5 
No. to 11 12 8 

Albumin, mean 3.3 3.2 3.2 0.3 
Vitamin A.mean 14.5 8.9 9.2 4.1for 

Vitamin A, SD 5.7 5.2 4.6 2.6 

<3.0 
Albumin,mean 2.7 2.4 2.5 

Vitamin A,mean 13.3 8.7 6.4 5.6 

Vitamin A, Sm 9.3 2.1 2.6 3.5 

Viormalsbect:amm e 9of l 2 n 2require 

SNormal subjects: random sample ot preschool Indonesian children.3 

To test the stability of these corneal cant at vitamin A levels of less than 
boundaries, a larger group of normal 10 pg/(dL (P < .001) and 10 to 14 pg/dL 
subjects (randomly sampled children (P < .004). 
in a field study from the sam pro- The mean serum vitamin A values, 
vince:') is shown in Fig 2, and cases of by albumin level, for normal subjects 
vitamin A-responsive Bitot's spots (random sample of longitudinal field 
(seen at the same hospitaP) in Fig 3. study) and the three classes of corneal 
The difference in the distribution of disease (X2, X3A, and X3B) are given 
normal subjects, cases of X2/X3A in Table 9. Because the exact clinical 
(files I through 5), and cases of X3B classification of cases in file 5 is 
(files 6 through 8) across the bounda- uncertain (p .104), they are omitted 
ries was statistically significant at from this tabulation. The differences 
every level of serum vitamin A in these albunin-standardized mean 
(P < .001 by x2 or Fisher's exact test vitamin A levels between cases of X3A 

at vitamin A levels of < 10 pg/dL, 10 and X311 are significant for albumin 
to 1,Hpg/(dL, and 15 to 19 pg/(dL). Even levels of greater than 3.5, and less 
the (ifferences in the distrilbution of than 3.5 bit greaLer than or equal to 
cases of vitamin A-responsive Bitot's 3.0 g/dl,(P < .05). At an albumin level 
spots and cases of X313 were signifi- below 3.0 g/dL, the difrerence is small 
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and statistically insignificant. The 
only difference in vitamin A levels 
between cases of X2 and X3A, at an 
albumin of less than 3.0 ,/dL, does not 
reach statistical significance. 

The slope of the regression of 
vitamin A on albumin is positive for 
the normal random sample (P < .05),
negative for cases of X3B (P <.01), 

indefinite for mild corneal dis
eases (X2 and 3XA) (Table 10). 

COMMENT
 

The relative importance of vitamin 
A and protein deficiency in the etiolo

gy of keratomalacia is controver
sial.' 1 ': 1 2 The present study suggests 
the basic underlying etiologic factor 
in all forms of nutritional keratopa
thy investigated was impaired vitam
in A metabolism. Whereas both pro
tein and vitamin A status affect the 
adequacy of vitamin A metabolism, 
the latter seems to be the more impor
tant determinant. 

Severity of general malnutrition 
and protein deficiency and the preva
lence of kwashiorkor were all corre
lated with the severity of corneal 
involvement; however, frank corneal 

lesions, including full-thickness ne
crosis (X3B, files 6 throug;h 8), oc
curred in children in whom all of the 
previously mentioned values were 
entirely normal. In contrast, vitamin 
A levels were depressed in every case. 
The degree of depession was directly 
related to the severity of corneal 
involvement, although this relation
ship is less obvious when standardized 

serum albumin levl.
 

The )verlap of vitamin A levels for 
normal sbjects and cases of corneal 
disease of varying severity and the 
correlation between protein status 
and severity of corneal involvement 

explanation. In part, these 

seem to represent independent events. 
Vitamin A variability is partially 
explainable by fluctuations in labora
tory results, the variable proportion 
of serum "vitamin A" that is physio
logically active,2 .33and the inconstant 
relationship, except at low levels, 
between serum vitamin A levels and 
liver stores.:":"; The rcationship 
between protein status and severity of 
corneal involvement is partially 
explained by the fact children who 
consume more calories and protein 
are likely to consume more vitamin 
(and provitamin) A as well. This fac
tor undoubtedly accounts for the cur
relation anl positive slope of the 
regression of serum vitamin A on 
albumin observed in normal children 
(Tables 9 and 10). 

Available data suggest that direct 
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Table 10.-Regression Analysis of Vitamin A on Albumin' 

Clinical Status 
(File) r y Intercept Slope/SE 

Normal +0.8849 1.498 +4,521/2.33 
1-3 -0.5592 10.352 -0.61C/2.14 
4 +0.7983 2.430 + 1.792/1.54 

6-8 -0.9618 9.303 -1.499/0.39 

'From Table 9, Linear regression (least squares) and corelivtion based on mean vitamin A and 
albumin levels lor each of the three albumin categories, thus giving equal weighting to the relationship at 
each of the data points aloig the curves. Since none of the abnormal subjects had a serum albumin level 
of 4 g/dL or more, normal subjects with values this high were excluded from the analysis. 

interaction between vitamin A a' 
protein status occurs as well. Synt: 
sis of retinol-binding protein an,.
therefore, the release of IIRBP frorn 

the liver are depressed in protein deti-
ciency. ' ; Feeding severely protein-
leticient childrron (who have adequate 

vitamin A stor*es) a high-protein diet 
raises serum vitamin A and retinol-

5;, .:?vbinding protein lcvels, 21 hut this 
does not entirely t xplain our ohserva- 

)lions, since IlRI levels in our 
patients were uniformly depressed in 
all degrees of corneal involvement. As 
Fig I an d Ta)les 9 anl 10 suggest, a 
more intinate balhan e between 
vitanin A and protein status maydetermine atle tuacy of vitamin A 

I. IIthd-l If: Totiis, of, 11hl is,..o I/'il, 
Iot-t'-Cot q'Oth ;,' Lonthti, tohln (lai k, 1729, 

li ,7-5s. 
2. MackeizivW: .1 l'r'irl T"l'rolim, on Dis-4, .,o,.s qJ"lloI!+, ed 2. Lonldon, I.. n aa Rhevs 

Orni, Brown & (;rev-, 1S3,'.pp .77-578. 
:1. "111n1114-.r A,: itH tl m.",/NNA'l~(-oph-,Bltlt t 

hholit ttd A"'t'/,tttl:iti New York, Oxford 
I'ti.-sity Press, 198,2.

1. ",amneur A\, E1r1a:n N, l'u . T Vtnfn,\ 

rest tsivw. ,1ntla:' kirat l lith ill xtrophthlial-
i:. A noJlif oialmlh l9tTi,;7:X;t-ult3.. 

llI ()bs ns 
Aic. hthalmOisISV0;l 100:2irh. 

.. o .ltl it 11M: rvati sor I'iniralo-
- h 

metabolism, perhaps at the level of 
target cells. This feature is most evi-
(lent for severe (lisease (X3B, files 6 
through 8), in which vitamin A meta-

b(lism has virtually collapsed. In all 
cases in which protein levels were 
normal or only moderately depressed, 
serum vitamin A levels were severely 
depressed. Conversely, severe depres-
sion of protein status was com)atible 
with higher (though never normal) 
vitamin A levels. This relationship 

resulted in an inversion of the rela-
tionship between serum albumin and 
vitamin A leveIs observed in normal 
subjects, the correlation and slope of 
the regression being negative. In
miler corneal disease, in which inter-
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