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EPIDEMIC OPTIC NEUROPATHY IN CUBA — CLINICAL CHARACTERIZATION AND RISK 
FACTORS
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Abstract

 

Background.

 

From 1991 to 1993, epidemic
optic and peripheral neuropathy affected more than
50,000 people in Cuba. The number of new cases de-
creased after the initiation of vitamin supplementation in
the population. In September 1993, Cuban and U.S. in-
vestigators conducted a study to characterize and identi-
fy risk factors for the optic form of the syndrome.

 

Methods.

 

We conducted ophthalmologic and neuro-
logic examinations, assessed exposure to potential tox-
ins, administered a semiquantitative food-frequency ques-
tionnaire, and assessed serum measures of nutritional
status in 123 patients with severe optic neuropathy,
matched for sex and age to randomly chosen normal
subjects.

 

Results.

 

In the case patients, prominent clinical fea-
tures were subacute loss of visual acuity with field de-

fects, diminished color vision, optic-nerve pallor, and de-
creased sensitivity to vibration and temperature in the
legs. Tobacco use, particularly cigar smoking, was asso-
ciated with an increased risk of optic neuropathy. The
risk was reduced among subjects with higher dietary in-
takes of methionine, vitamin B

 

12

 

, riboflavin, and niacin
and higher serum concentrations of antioxidant carote-
noids. The risk was also reduced among subjects who
raised chickens at home or had relatives living overseas
— factors that may be indirect measures of increased
food availability.

 

Conclusions.

 

The epidemic of optic and peripheral
neuropathy in Cuba between 1991 and 1993 appears to
be linked to reduced nutrient intake caused by the coun-
try’s deteriorating economic situation and the high preva-
lence of tobacco use. (N Engl J Med 1995;333:1176-82.)
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F

 

ROM late 1991 through 1993, epidemic neuropathy
affected more than 50,000 people in Cuba,

 

1

 

 peaking
in March 1993, when there were 3000 to 4000 cases per
week. Two forms of neuropathy were reported: an optic
form, characterized by decreased visual acuity and col-
or vision, central scotomas, pallor of the optic disks,
and loss of papillomacular-bundle fibers; and a periph-
eral form, with painful dysesthesias, diminished ankle
reflexes, and decreased sensitivity to vibration, pin-
prick, and light touch.

 

1,2

 

 Studies by the Cuban Ministry
of Public Health suggested an association with tobacco
use and low intake of protein and micronutrients.
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 No
patients died, and the condition of most patients im-
proved after treatment with vitamins, including paren-
teral vitamin B

 

12

 

. From April to May 1993, the Ministry
of Public Health initiated oral supplementation with
multiple vitamins in the general population; the inci-
dence of disease decreased substantially after June
1993 (unpublished data).

In response to the epidemic, the Pan American
Health Organization coordinated a program of emer-
gency humanitarian support, including the initiation of
a collaborative study with scientists from multiple insti-
tutions (see the Appendix). Our objectives were to de-
scribe and identify risk factors for epidemic optic neu-
ropathy. Because the diagnosis was thought to be more
specific for the optic than the peripheral form, only pa-
tients with optic neuropathy meeting the case definition
devised by the Ministry of Public Health

 

2

 

 were study
candidates.

We hypothesized that etiologic agents included cya-

nide or other toxins from tobacco use or occupational
exposure, cyanogenic glycosides from the consumption
of cassava, and medicinal toxins or contaminants. Be-
cause the epidemic coincided with recent economic dif-
ficulties in Cuba, we considered that an increasingly
limited diet — in particular, inadequate intake of vita-
min B

 

12

 

, folate, or methionine, which are involved in cy-
anide detoxification — might be important. We inves-
tigated these factors and attempted to cast a broad net
for other unanticipated risk factors.

 

M

 

ETHODS

 

Case Selection

 

All components of the field investigation were conducted during
September 1993 in Pinar del Rio, the province with the earliest oc-
currence and highest incidence of cases. From the registry of all pa-
tients with epidemic optic neuropathy in the five study municipali-
ties, we selected 150 potential case patients who had severe or very
severe disease.
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 All potential case patients were completely reexam-
ined but were included in the analysis only if at least two neuro-
ophthalmologists concurred that pallor of the optic-nerve head or
loss of the papillomacular-nerve fiber layer was present on fundu-
scopic examination of dilated eyes in September 1993. Our case pa-
tients were therefore chosen from a more severely affected sub-
group, and their illnesses probably represent the most severe cases
in the province.

The control subjects were randomly selected from voter-registra-
tion lists and matched to the case patients for sex, municipality, and
age (within five years). During recruitment, most potential control
subjects were prescreened by family physicians, and those who had
abnormal visual acuity, lower-extremity reflexes, or sensitivity to vi-
bration were excluded. All control subjects were also examined by
neuro-ophthalmologists and were required to have no ophthalmo-
scopic evidence of optic neuropathy. If either member of a pair of case
patients and control subjects did not meet the criteria, the pair was
excluded, yielding a total of 123 case–control pairs for the analysis.
The protocol was approved by the Internal Review Board for Studies
on Human Subjects of the Centers for Disease Control and Preven-
tion, and all subjects gave written informed consent. The examining
clinicians and field interviewers were unaware of the participants’
case-patient or control status.

 

Ophthalmologic Examination

 

A certified ophthalmic technician determined best corrected visual
acuity. Color vision was tested with Ishihara pseudo-isochromatic
color plates, and contrast sensitivity with a near-card Vision Con-
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trast Test System (Vistech Consultants, Dayton, Ohio). Threshold
Amsler-grid testing was performed.
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 Visual fields were charted on a
1-m tangent screen with use of 1-to-10-mm white and red test ob-
jects. Slitlamp examination and tonometry were performed to ex-
clude other causes of abnormal visual function. At least two neuro-
ophthalmologists performed the funduscopic examinations. Fundus
photographs were used to confirm the results of the funduscopic ex-
amination.

 

Clinical and Quantitative Neurologic Examination

 

Two neurologists obtained neurologic histories and used bedside
clinical methods to assess cranial nerves III to XII; motor strength;
sensitivity to light touch, pinprick, vibration, and position; cerebellar
function and gait; and deep-tendon reflexes.

Cutaneous vibrotactile thresholds were measured with an electro-
mechanical vibrometer.
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 Stability while standing was measured with a
digitized head-position monitor.
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 The thermal-discrimination thresh-
old was measured with a two-surface controlled-temperature device.

 

7

 

Gross grip strength was measured with a Jamar type of dynamome-
ter.
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 Values were considered abnormal if they were above the 95th
percentile of normative data for sway (Letz R, Gerr F, Emory Univer-
sity: unpublished data) and vibrotactile

 

5

 

 and thermal

 

7

 

 thresholds, and
below the 5th percentile of normative data for pinch and grip.
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Toxic Exposure and Socioeconomic Data

 

Family physicians trained in interviewing techniques administered
a questionnaire regarding exposures during the two-month period be-
fore the onset of symptoms for the case patients and for the same cal-
endar period for the respective control subjects. Information was ob-
tained about occupation; exposures to pesticides, heavy metals, and
medications; tobacco use; meal patterns; factors affecting access to
supplemental food; patterns of cassava consumption; and intake of
home-brewed and commercial liquor.

 

Dietary Assessment

 

Trained nutritional interviewers administered a semiquantitative
food-frequency questionnaire modified from one previously used in
Cuba.
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 Participants were asked to report their average consumption
of 93 foods in the two-month period before the onset of symptoms for
the case patients and the corresponding period for the respective con-
trol subjects. Food models were used to estimate portion size.

Dietary data were linked to a Cuban food-composition data base to
yield the average daily intake of each food, energy (in kilocalories),
and 17 individual nutrients.
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 Intakes of additional micronutrients (vi-
tamin B

 

12

 

, methionine, cysteine, and cystine) were estimated by link-
ing the food-intake data to information from two standard food-com-
position data sets.

 

10,11

 

 

 

Laboratory Methods

 

Serum concentrations of vitamin A (retinol) and four carotenoids
(

 

a

 

- and 

 

b

 

-carotene, cryptoxanthin, and lycopene) were measured by
high-performance liquid chromatography.
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 Serum selenium was
measured by atomic-absorption spectrometry.
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 Serum retinol-bind-
ing protein was measured by an enzyme-linked immunosorbent assay
modified from a published method.
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 Urinary cotinine concentrations
were measured with an enzyme-linked immunoassay kit (STC Diag-
nostics, Bethlehem, Pa.). Serum albumin and total protein were meas-
ured with a Cobas FARA II analyzer (Roche Diagnostic Systems,
Montclair, N. J.).

 

Statistical Analysis

 

Data were tabulated by teams in both Havana and Atlanta, and any
discrepancies were resolved. Although simple cross-tabulations are
shown between disease status and the exposure variables, the
matched-pair design guided the statistical analyses. Associations with
disease were assessed with two-tailed matched-pair t-tests, Wilcox-
on’s tests, and conditional logistic-regression analysis.
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Several analytic approaches were used to examine the relation of

dietary data to disease. The results presented were derived by divid-
ing the intake of the specific food or nutrient by the total caloric in-
take; these nutrient densities, along with the total caloric intake, were
then included as predictors of disease in conditional logistic-regres-

sion models.

 

16

 

 The estimated odds ratios indicate the effect of in-
creasing the percentage of each dietary component while keeping to-
tal energy intake constant. Similar results were obtained in analyses
that included energy intake as a covariate along with either the in-
take of the specific food or nutrient or the residual values from a lin-
ear regression of the intake of food or nutrient on the total caloric
intake.
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Many of the exposure distributions were skewed, but most associ-

ations with disease were fairly linear on the logit scale. The results
presented are based on the use of a single exposure variable with mul-
tiple (typically four) levels, and the estimated odds ratios contrasting
the extreme categories are shown. Forward stepwise-regression pro-
cedures were used to help develop multivariable models; possible in-
teractions, multicollinearity, and influential observations were exam-
ined.
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R

 

ESULTS

 

Clinical Characteristics

 

Among the case patients, the dates of onset of illness
ranged from July 1991 to June 1993; the mean period
between the onset of symptoms and the investigation
was 10 months (range, 3 to 26). Approximately two
thirds of the case–control pairs were men (Table 1).
The distribution of occupations differed significantly
between the case patients and control subjects, and
the case patients had a lower median monthly in-
come and less formal education. Serum total protein
and albumin values were within the normal range in
all subjects.

Symmetric bilateral loss of vision occurred within
the year before examination among 90 of the 123 case

 

*Paired t-test for H

 

0

 

 (absolute difference 

 

�

 

5 years) versus H

 

1

 

 (absolute difference 

 

�

 

5
years).

†Matched-pairs logistic regression on occupational categories.

‡Matched-pairs signed-rank test.

§Paired t-test.

¶All P values were derived with McNemar’s test of matched-pair results.

 

�

 

Worse eye, 20/40 or better.

**Better eye, 20/200 or worse.

††Data were available for 119 pairs.

‡‡Testing was performed as described by Wall and Sadun.

 

4

 

Table 1. Characteristics of the 123 Pairs of Case Patients and
Control Subjects.

 

C

 

HARACTERISTIC

 

C

 

ONTROL

 

S

 

UBJECTS

 

(N

 

�

 

123)

C

 

ASE

 

 
P

 

ATIENTS

 

(N

 

�

 

123) P V

 

ALUE

 

Age — yr
Mean
Range

44
18–69

45
20–69

0.99*

Female — % 39 39

Occupation — %
Agriculture
Service
No work outside home

9
66
8

31
35
22

 

�

 

0.001†

Median monthly income — pesos 183 141

 

�

 

0.001‡

Mean years of education 11 7

 

�

 

0.001§

Ophthalmologic findings — no. of subjects
(%)¶

Visual acuity
20/40 or better

 

�

 

20/200 or worse**
Normal threshold Amsler-grid test††‡‡
Normal visual fields††
Normal contrast sensitivity††
Color-vision testing

 

�

 

23 plates identified correctly

 

�

 

16 plates identified correctly

123 (100)
0 

119 (100)
119 (100)
114 (96)

120 (98)
2 (2)

41 (33)
25 (20)
94 (79)
30 (25)
16 (13)

20 (16)
64 (52)

 

�

 

0.001

 

�

 

0.001

 

�

 

0.001

 

�

 

0.001

 

�

 

0.001

 

�

 

0.001

 

�

 

0.001
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patients. The visual difficulties usually stabilized with-
in 30 days (range, 3 to 90). Of the case patients, 95
percent reported photophobia, 90 percent flashes of
light or glare, and 54 percent eye pain. The control
subjects reported virtually no symptoms.

Among the case patients, the best corrected visual
acuities ranged from 20/20 to 20/400 (Table 1). More
than two thirds of the case patients had bilateral cen-
tral or cecocentral scotomas, three fourths had an ab-
normal visual field in at least one eye, and most had
impaired color vision. No subject had anterior-segment
abnormalities that prohibited adequate dilated oph-
thalmoscopic examination.

Cranial-nerve abnormalities were rare, except for
decreased auditory acuity among the case patients (Ta-
ble 2). More of the case patients than control subjects
had decreased sensation, decreased motor strength, or
absent deep-tendon reflexes in the legs. On all quanti-
tative neurologic measures, more of the case patients
had abnormal results; the most frequent abnormalities
were increased thermal and vibrotactile thresholds in
the great toe.

 

Analysis of Risk Factors

 

All measures of tobacco use were strongly associat-
ed with optic neuropathy (Table 3). For cigar smoking,
we found a dose–response relation, with the odds ratio
increasing to 23 for subjects who smoked four or more
cigars per day as compared with those who did not
smoke cigars. Cigarette smoking was less strongly re-

lated to optic neuropathy, and there was no dose–
response relation. Subjects in the highest quartile for
urinary cotinine, a measure of exposure to tobacco,
were nearly 12 times as likely to have disease as those
in the lowest quartile.

The risk of optic neuropathy was significantly lower
among the subjects who reported higher consumption
of two groups of nutrients: those related to animal
products, including animal protein, animal fat, and
methionine, and the group of B-complex vitamins, no-
tably vitamin B

 

12

 

, riboflavin, niacin, and pyridoxine
(Table 4). However, the intakes of many of these nutri-
ents were interrelated, with the strongest correlations
between intakes of animal protein and vitamin B

 

12

 

(r

 

�

 

0.89) and animal protein and methionine (r

 

�

 

0.85)
and among intakes of the B-complex vitamins (r

 

�

 

0.53
to 0.78).

After adjusting for energy intake, we found that sub-
jects with high (upper quartile) cassava consumption
were three times as likely to have optic neuropathy
than those reporting intakes in the lowest quartile (Ta-
ble 4). However, the median daily consumption of cas-
sava was identical among the case patients and control
subjects, and greater consumption was associated with
an increased risk of disease only when we adjusted for
energy intake.

Of the serum measures of nutritional status, lyco-
pene, a carotenoid with marked antioxidant activity
but no provitamin A function, was most strongly asso-
ciated with a reduced risk of disease (Table 5). Sub-
jects with serum lycopene concentrations in the high-
est quartile were 

 

1

 

⁄

 

20

 

 as likely to have optic neuropathy
as those in the lowest quartile. Other serum measures
associated with protection included higher levels of

 

a

 

- and 

 

b

 

-carotene and selenium, but the magnitudes
of these associations were weaker.

Several other characteristics were associated with an
altered risk of optic neuropathy (Table 6). Less-regular
consumption of meals was associated with greater risk
of disease, whereas indirect measures of increased
food availability, such as raising chickens, were associ-
ated with protection. There was no association between
consumption of home-brewed alcoholic beverages and

 

*By McNemar’s test. For bilateral tests, abnormal was defined as either the right or left side
abnormal.

†Data were available for 122 pairs. ‡Data were available for 123 pairs.

§Data were available for 121 pairs. ¶Data were available for 72 pairs.

 

�

 

Data were available for 47 pairs. **Data were available for 75 pairs.

††Data were available for 48 pairs.

 

Table 2. Clinical and Quantitative Neurologic Findings in the 123
Pairs of Case Patients and Control Subjects.

 

T

 

EST

 

 R

 

ESULT

 

C

 

ONTROL

 

S

 

UBJECTS

 

C

 

ASE

 

P

 

ATIENTS

 

P V

 

ALUE

 

*

 

no. of subjects (%)

 

Decreased auditory acuity† 5 (4) 15 (12) 0.012

Diminished proprioception and pinprick 
or light-touch perception†

Arm
Leg

18 (15)
33 (27)

37 (30)
66 (54)

0.004

 

�

 

0.001

Decreased strength‡
Arm
Leg

1 (1)
0

22 (18)
13 (11)

 

�

 

0.001

 

�

 

0.001

Deep-tendon areflexia‡
Leg 1 (1) 16 (13)

 

�

 

0.001

Abnormal vibrotactile threshold§
Nondominant great toe 38 (31) 70 (58)

 

�

 

0.001

Abnormal thermal threshold‡
Nondominant great toe 29 (24) 88 (72)

 

�

 

0.001

Abnormal postural-stability sway speed 
(eyes closed)

Men¶
Women

 

�

 

2 (3)
4 (9)

11 (15)
9 (19)

0.007
0.166

Diminished gross grip strength
Men**
Women††

10 (13)
4 (8)

29 (39)
19 (40)

0.001
0.001

 

*The reference group is the lowest quartile.

 

Table 3. Relation of Smoking Behavior to the Risk of Optic
Neuropathy.

 

V

 

ARIABLE

 

C

 

ONTROL

 

S

 

UBJECTS

 

C

 

ASE

 

P

 

ATIENTS

 

O

 

DDS

 

R

 

ATIO

 

95% C

 

ONFIDENCE

 

I

 

NTERVAL

 

Tobacco use
No
Yes

66
57

21
102 6.6 3.2–13.9

Cigars per day*
0

 

�

 

1
1–3

 

�

 

4

101
12
8
2

71
13
22
17

1
1.8
8.7

22.8

0.6–5.3
2.5–30.7
4.0–131

Cigarettes per day*
0
1–9
10–20

 

�

 

20

75
21
19
8

44
30
41
8

1
2.5
3.6
2.1

1.2–5.2
1.8–7.1
0.6–6.5
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*With the exception of energy, all intakes were expressed as a proportion of total energy.

†The odds ratio is for the highest as compared with the lowest quartile; a linear relation across quartiles is assumed. All
analyses are based on conditional logistic-regression models that include energy intake as a four-level ordinal variable based
on quartile rankings.

 

Table 4. Relation of Dietary Intake of Various Nutrients and Cassava to the Risk of
Optic Neuropathy.

 

V

 

ARIABLE

 

* G

 

ROUP

 

Q

 

UARTILE

 

O

 

DDS

 

R

 

ATIO

 

†
95% C

 

ONFIDENCE

 

I

 

NTERVAL

LOWEST

 

2 3

 

HIGHEST

 

no. of subjects

 

Energy intake Controls
Patients

19
42

29
33

39
23

36
25 0.2 0.1–0.5

Animal-protein intake Controls
Patients

20
41

28
34

33
29

42
19 0.3 0.1–0.6

Animal-fat intake Controls
Patients

16
45

29
33

39
23

39
22 0.2 0.1–0.5

Methionine intake Controls
Patients

21
43

36
26

26
36

40
21 0.3 0.1–0.6

Cassava intake Controls
Patients

37
24

32
30

30
32

24
37 3.0 1.3–6.6

Thiamine intake Controls
Patients

24
37

31
31

31
31

37
24 0.5 0.2–1.1

Riboflavin intake Controls
Patients

20
41

28
34

38
24

37
24 0.3 0.2–0.7

Niacin intake Controls
Patients

23
38

30
32

34
28

36
25 0.5 0.2–1.0

Pyridoxine intake Controls
Patients

22
39

29
33

35
27

37
24 0.4 0.2–0.9

Folic acid intake Controls
Patients

28
33

24
38

34
28

37
24 0.5 0.2–1.1

Vitamin B

 

12

 

 intake Controls
Patients

17
44

25
37

40
22

41
20 0.2 0.1–0.4

 

disease status (odds ratio for disease
among those who consumed such
beverages, 0.8; 95 percent confidence
interval, 0.4 to 1.5).

A multivariable model, developed
with use of stepwise regression pro-
cedures, identified several factors as
independent predictors of disease:
cigar smoking, cigarette smoking,
cassava consumption, low serum ly-
copene concentration, low dietary
intake of energy and of methionine,
and not raising chickens in the
household. The association with ci-
gar smoking was very strong: the
risk of disease among subjects smok-
ing four or more cigars per day was
estimated to be 34 times that of peo-
ple who did not smoke cigars. Sub-
jects in the highest quartile of cas-
sava consumption had a fourfold
increased risk as compared with
those in the lowest quartile. A high
serum lycopene concentration and
high dietary intakes of energy and of
methionine were each associated
with a substantial reduction in risk
(odds ratios for highest vs. lowest
quartile, 0.03 for lycopene; 0.10 for
energy intake; 0.20 for methionine
intake). However, because many of
the characteristics examined were
intercorrelated, several other multi-
variable models were nearly as pre-
dictive of disease. For example, uri-
nary cotinine concentrations could
be substituted for self-reported smok-
ing status, and dietary intake of vita-
min B

 

12

 

, riboflavin, or niacin showed
strong inverse associations with
disease.

 

D

 

ISCUSSION

 

This study provides a clinical de-
scription and an analysis of risk fac-
tors for epidemic optic neuropathy
in Cuba. Our design, using fundu-
scopic abnormalities to define case-
patient status and excluding control
subjects with evidence of optic neu-
ropathy, gave a rigorous assignment
of case patients and control sub-
jects. The prominent clinical fea-
tures were loss of visual acuity with
scotomas, diminished color vision,
and increased vibratory and ther-
mal thresholds in the legs, findings
consistent with previous reports.

 

19

 

However, we found a higher preva-
lence of signs of peripheral neurop-

 

*To convert values for lycopene to micromoles per liter, multiply by 0.019; to convert values for cryptoxanthin to micro-
moles per liter, multiply by 0.018; to convert values for 

 

a

 

-carotene to micromoles per liter, multiply by 0.019; to convert
values for 

 

b

 

-carotene to micromoles per liter, multiply by 0.019; to convert values for selenium to micromoles per liter,
multiply by 0.00013; and to convert values for retinol to micromoles per liter, multiply by 0.035.

†Values are means 

 

�

 

SD.

‡The odds ratio is for the highest as compared with the lowest quartile; a linear relation across quartiles is assumed. All
analyses are based on conditional logistic-regression models.

 

Table 5. Relation of Serum Measures of Nutritional Status to the Risk
of Optic Neuropathy.

 

S

 

ERUM

 

C

 

ONSTITUENT

 

* G

 

ROUP

 

M

 

EAN

 

L

 

EVEL

 

† R

 

ANGE

 

Q

 

UARTILE

 

O

 

DDS

 

R

 

ATIO

 

‡
95% C

 

ONFIDENCE

 

I

 

NTERVAL

LOWEST

 

2 3

 

HIGHEST

 

m

 

g/dl no. of subjects

Lycopene Controls
Patients

11�8
5�3

1–43
0–21

10
43

33
45

30
22

48
11 0.05 0.02–0.2

Cryptoxanthin Controls
Patients

12�7
11�8

1–41
2–48

25
34

27
36

34
23

35
28 0.5 0.3–1.0

a-Carotene Controls
Patients

6�4
4�3

1–26
1–17

16
35

32
39

36
26

37
21 0.2 0.1–0.5

b-Carotene Controls
Patients

15�10
10�6

1–65
1–34

18
35

29
45

31
22

43
19 0.2 0.1–0.4

Retinol Controls
Patients

53�13
50�13

27–100
25–110

27
36

27
27

33
29

34
29 0.6 0.3–1.2

mg/liter

Retinol-binding 
protein

Controls
Patients

37�12
33�12

13–71
0–67

27
33

28
33

29
32

37
23 0.5 0.2–1.0

ng/ml

Selenium Controls
Patients

95�14
89�14

69–144
52–139

18
41

30
30

34
26

38
23 0.3 0.1–0.6
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athy among case patients with optic neuropathy than
in earlier studies.2 Furthermore, the disturbance in
thermal thresholds suggests the involvement of small
nerve fibers in addition to the large myelinated fibers
most often involved in toxic or metabolic neuropa-
thies.20 

Ophthalmologically, this disorder resembles nutri-
tional amblyopia, tobacco amblyopia, and toxic optic
neuropathy,21,22 as well as Leber’s hereditary optic neu-
ropathy.23 However, an analysis of specimens from the
case patients did not reveal any pathogenetic role for
mitochondrial DNA mutations or for any specific mito-
chondrial genetic background.24,25 

We found that tobacco use, particularly cigar smok-
ing, and high cassava consumption relative to total
energy intake were both associated with an increased
risk of optic neuropathy. In contrast, the risk was re-
duced among the subjects with higher serum concen-
trations of carotenoids and higher dietary intakes of
nutrients from animal products and some B complex
vitamins.

Epidemics of neuropathy have been reported pri-
marily during wartime, especially among prisoners of
war in Asia during World War II.26 Remarkably, an ep-
idemic in which the clinical abnormalities were identi-
cal to those in the 1991–1993 Cuban epidemic was
reported in Havana during the Spanish–American
War.27 Although the cause of these earlier epidemics
was never established, contemporary neurologists
linked them to dietary deprivation and lack of B-com-
plex vitamins,26 and tobacco use was implicated in op-
tic neuropathy among prisoners of war.28 

In our study, the stronger association with cigar
than cigarette smoking is consistent with previous
reports of tobacco amblyopia.22 However, in Pinar
del Rio, the center of cigar-tobacco cultivation, cigar
smoking is more prevalent than elsewhere in Cuba,
and studies in other provinces demonstrated a similar

risk for cigarette smoking (Zacca E, Ministry of Public
Health: unpublished data). Improved diet and supple-
mentation with B-complex vitamins, especially vita-
min B12, are important in the treatment of tobacco am-
blyopia; patients who continue to smoke may recover
their vision with nutritional therapy.22 Cyanide in to-
bacco smoke may be toxic to the optic nerve, especial-
ly when inadequate intake of B vitamins, methionine,
cysteine, and cystine impair detoxification,29 but stud-
ies in animals have failed to demonstrate a role for cy-
anide in the development of isolated optic-nerve toxic-
ity.30 

In Africa, exposure to cyanide from cassava con-
sumption has been implicated in epidemics of neuro-
logic disease. However, unlike those in the Cuban ep-
idemic, affected subjects in Africa have usually had
spastic paraparesis.31 The cyanide content of cassava
varies, depending on the variety and method of prepa-
ration. Biochemical studies conducted in Cuba in 1993
indicate that even consumption of large amounts of
cassava was unlikely to result in exposure to large
amounts of cyanide.32 High cassava consumption with
lower energy intake may identify a dietary pattern as-
sociated with a greater risk of disease, rather than re-
flecting a direct toxic effect.

The strong association of higher serum lycopene
concentrations with protection suggests that inade-
quate intake of carotenoids may have contributed to
the development of neuropathy through impairment of
protective antioxidant pathways.33 Exposure to tobac-
co is thought to cause injury through oxidative dam-
age.34 The antioxidant activity of lycopene, which is
found in tomatoes, watermelon, and other red fruits,
exceeds that of other carotenoids,35 and in our study ly-
copene was the carotenoid most strongly associated
with protection. The association of riboflavin intake
with protection is also consistent with an antioxidant
mechanism. Riboflavin is a cofactor in the regenera-
tion of reduced glutathione,36 a primary intracellular
antioxidant associated with protection from tobacco
amblyopia.37 

The deteriorating economic situation in Cuba may
have set the stage for this epidemic. Between 1991 and
1993, a combination of events, including the loss of Cu-
ba’s major trading partners and a severe storm, abrupt-
ly decreased the availability of many foods, especially
animal products. Factors such as having relatives over-
seas, raising chickens at home, or eating frozen cassava
may be surrogates for increased access to food.

This study has several limitations. Because of the se-
lection procedure, our case patients represented the
most severely affected subgroup of patients with epi-
demic optic neuropathy, and we are unable to draw any
conclusions about the purely peripheral form. Because
the epidemic subsided without documented change in
food availability or smoking prevalence, an exposure
not assessed may have had a role. In addition, because
we asked the subjects to recall their diets from a time
before the onset of illness, whereas serum measure-
ments were taken months after onset of illness and

Table 6. Relation of Various Types of Behavior and Circum-
stances to the Risk of Optic Neuropathy.

VARIABLE

CONTROL

SUBJECTS

CASE

PATIENTS

ODDS

RATIO

95% CONFIDENCE

INTERVAL

Having relatives overseas
No
Yes

63
60

92
31 0.4 0.2–0.6

Raising chickens at home
No
Yes

65
57

89
33 0.4 0.2–0.7

Eating lunch �5 times 
per week

No
Yes

117
6

100
23 4.4 1.7–11.6

Eating breakfast less than
once a week

No
Yes

70
53

48
75 2.2 1.3–3.7

Going whole days without
food

No
Yes

116
4

101
22 5.9 1.8–15

Eating any frozen cassava
No
Yes

74
49

104
19 0.3 0.1–0.5
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treatment, our results might reflect changes due to ill-
ness. However, because of the continued monotony of
the Cuban diet, retrospective dietary assessment is
probably valid, and laboratory values that reflect a rel-
atively constant diet, such as serum lycopene concen-
trations, should be stable over time.

Although we cannot assign a definitive cause to this
epidemic, our findings suggest that its occurrence was
linked to a deterioration in diet affecting nutrients such
as methionine, vitamin B12, riboflavin, and carotenoids,
in conjunction with a high prevalence of tobacco use
and possibly cassava consumption. The balance of
these factors, and the degree of individual susceptibil-
ity, may have determined who became ill and who re-
mained well. The Cuban Ministry of Public Health
had already implemented vitamin supplementation
and an antismoking campaign at the height of the ep-
idemic. Although it cannot be proved that these inter-
ventions led to the decline in the number of cases, this
study supports the continuation of these measures until
increased dietary quality and diversity can be achieved
in Cuba.

We are indebted to Dr. Timothy Byers, Dr. Kelley Scanlon, Mr.
Robert Nelson, Dr. Eduardo Simoes, Dr. Ali Mokdad, Dr. Ray Yip, Dr.
Delia Baxter, Mr. Charles W. Dodson, Mr. Daniel L. Huff, and Ms.
Mildred Jackson.

APPENDIX

The following persons were also members of the Cuba Neuropathy
Field Investigation Team: Centers for Disease Control and Prevention —
J. Malilay, D.T. Miller, A.L. Sowell, M.A. Miller, W.D. Flanders, K.H.
Falter, D.R. Olson, E.M. Kilbourne, T. Sinks, R. Ing, N. Staehling,
M. Boyd, E.W. Gunter, D.C. Paschal, P.W. Mueller, F.W. Spierto, L.L.
Needham, R.H. Hill, D.L. Ashley, and W.H. Hannon; Cuban Ministry
of Public Health — A. Ramírez Márquez, J.R. Díaz Fernández,
J. Hadad Hadad, D. Rodríguez Milord, R. Pérez Cristía, M.A. Her-
rera Pérez, C. Serrano Verdura, M.A. Moya Alba, M. Tamayo Hode-
lin, M. Bonet Gorbea, E. Díaz Díaz, C. López-Calleja Hiort-Loren-
zen, A.M. Clúa, P. Monterrey Gutiérrez, S. Jiménez Acosta,
A. Cabrera, M. Márquez Fernández, R. Santiesteban Freixas, R. Es-
trada, L. Arias, P. Fleites Mestre, E. Plá, M.C. Romero, and A.C. Fer-
ret; Pan American Health Organization — G. Llanos and J. Suárez Jime-
nez; National Institutes of Health — G.C. Román; Food and Drug
Administration — W. Obermeyer; Field Team, Clinical Area — M. de la
Portilla Castro, C.A. Perea Ruíz, N. Sixto Rico, I. Pérez Betancourt,
B.E. Eliot Fuentes, A. Pérez Cabrera, L.E. Terra Caldellicehio,
A. García Medina, N. Gómez, M. Sánchez Mojarrieta, J.A. Carreras
Vara, J.M. Ross Portales, G. Román Hernández, S. Márquez Ginaly,
P. Pérez Garcia, M. Garcia, C. Santos Hernández, E. Iglesias Díaz,
E. Maritan Recio, S. Hernández Garcia, A.L. Sánchez, P. Valdés,
O. Martínez Rodríguez, N. Barrisontes Oliva, D. Díaz, M.C. Pérez,
M.C. Reyes Hernández, C. Serrano Verdura, J.M. Ramos Goñez,
S. Novales Amado, A. Curbelo del Llano, D. Hernández Breijo,
A. Conde Acosta, M. Martínez González, R. Melian Romero,
O. Cuba Chávez, M. Hernández Valdés, G. Rodríguez Otero,
M. Martínez Caballero, A. González Valdés, B. Romero Olivera,
E. Echezabal Benítez, C. Beade, L. Soto León, F. Díaz Marimón,
A. San Román, R. Rodríguez, and F. Domínguez Rodríguez; and
Field Team, Epidemiology — M. Rodríguez Alvarez, M. Santín Colum-
bé, A. Marrero, D. Zulueta, C. Rodríguez García, J.P. Avila Santos,
F. Pedroso, H. Márquez Rodríguez, N. Martínez Valdés, M. Sarmien-
to Acosta, E. Ruíz Chobel, M. Machín Godoy, M. Morales Lugo,
L. Lima López, E. Moreno Díaz, J.C. Bobadilla Martinez, N. Ar-
gudín Delgado, M.T. Valdés, A.R. Díaz Moreno, S. Hernández
Sánchez, L.E. Pérez Hernández, O. Machín Valdés, A. Otero Mar-
tínez, I. Dominguez, M. Riol de Armas, O. Reyes Iglesias, O. Rod-
ríguez Castell, O. García Trujillo, M. de las M. Beune, F.M. Rodrí-

guez, R. Machín Médina, J. Cortés Ruíz-Calderón, B. Fernández
Fernández, E. Veliz Barroso, J.L. Machín, L. Reinoso Armenteros,
C. Valdés Méndez, J. Hernández Pérez, A. Crespo Campos,
N. Arteche Díaz, A. Ozuna Pérez, M. Rodríguez Alvarez, J. Milian,
O. Hernéndez Léon, B.R. Capote, M. Rodríguez Lezcanos, L. Perei-
ra Ezmoriz, O. Moya, A. Vitriago, and A. Urra Murguía.
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