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INTRODUCTION

Iron deficiency affects a large proportion of the populations of
developing countries (1, 2), especially women and children. Iron
deficiency can reduce hepatic retinyl ester hydrolysis or cause a
shift toward hepatic retinol esterification, thereby limiting concentrations of circulating retinol (3, 4). Biochemical evidence of
riboflavin deficiency was documented during the third trimester
of pregnancy in Thai and Gambian women (5, 6) and during

lactation in Guatemalan women (LH Allen, unpublished observations, 1999). Animal studies have shown specific riboflavindependent photoreceptors in the inner nuclear and ganglion layers of the retina, which are among many photoreceptors that
contribute to the dark adaptation process by eliciting the neuronal
signal required for pupillary response (7–10). Riboflavin also has
a role as a coenzyme to mobilize iron from ferritin (11–13).
Although vitamin A deficiency is the main cause of maternal
nightblindness in low-income populations in developing countries, iron and riboflavin deficiencies could increase the risk of
nightblindness by affecting both vitamin A metabolism and the
process of dark adaptation. In previous studies of pregnant
women in the Terai region of Nepal, vitamin A supplements
reduced the incidence of nightblindness by only 67% (14). Our
preliminary studies in the same region showed a 40% prevalence
of iron deficiency (plasma ferritin 쏝 12 g/L) and an 86%
prevalence of riboflavin deficiency (erythrocyte riboflavin
쏝 170 nmol/L) in pregnant women. These nutrient deficiencies
often coexist with vitamin A deficiency when consumption of
animal source foods is low. Thus, the objectives of the present
study were to assess whether providing iron and riboflavin, as
compared with a placebo, would improve nutritional status and
dark adaptation among nightblind women receiving vitamin
A–fortified rice. The relation between pupillary threshold (PT)
score and biochemical indicators of iron and riboflavin status
was also evaluated.
SUBJECTS AND METHODS

Subjects and location
This study was conducted from March 2001 to May 2002 as
part of a food-based maternal nightblindness treatment trial (15).
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ABSTRACT
Background: Nightblindness affects 16 –52% of pregnant women
in areas of Nepal and in some cases persists after vitamin A treatment. Iron and riboflavin affect vitamin A utilization and photoreceptor function, respectively, and pilot data in the study population
showed a high prevalence of iron and riboflavin deficiencies.
Objective: The objective was to assess the effect of supplemental
iron and riboflavin on pupillary threshold (PT) and plasma retinol in
nightblind, pregnant Nepali women given vitamin A–fortified rice.
Design: Nightblind pregnant women were randomly assigned to
receive, 6 d/wk under supervision for 6 wk, a vitamin A–fortified rice
curry dish providing 850 g retinal activity equivalents/d with either
a 30-mg Fe and 6-mg riboflavin (FeR ѿ VA) capsule or a placebo
control (VA only) capsule. Hemoglobin, erythrocyte riboflavin, and
plasma ferritin and retinol were measured before and after the intervention. Dark adaptation was assessed by PT score.
Results: Women who were iron deficient at baseline (n ҃ 38) had
significantly greater improvement in PT score with iron and riboflavin supplementation than without (P ҃ 0.05). Iron and riboflavin
supplements significantly reduced the prevalences of riboflavin deficiency (from 60% to 6%; P 쏝 0.0001), iron deficiency anemia
(from 35% to 15%; P 쏝 0.007), and abnormal PT (from 87% to 30%;
P 쏝 0.05) from baseline. Mean increases in erythrocyte riboflavin (P
쏝 0.0001) and plasma ferritin (P ҃ 0.01) were greater in the FeR ѿ
VA group than in the VA only group.
Conclusions: Iron deficiency may limit the efficacy of vitamin A to
normalize dark adaptation in pregnant Nepali women. Further studies are needed to assess the effect of simultaneous delivery of iron
and vitamin A for the treatment of nightblindness.
Am J Clin
Nutr 2007;85:1375– 84.
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Fieldworkers conducted house-to-house surveys in the Saptari
District of the southeastern Terai region of rural Nepal and inquired whether any pregnant women complained of ratauni, the
local Maithili term for nightblindness. Women were eligible to
participate if they were 쏝8 mo pregnant and were without fever,
underlying chronic disease, or any physical signs of xerophthalmia. Women who reported nightblindness described ratauni as
occurring soon after dusk and requiring changes in their routine
activities, such as cooking, cleaning, and tending to their families. Neighbors and close family members (mothers-in-law and
children), if present, were also questioned to confirm maternal
self-reports. No women reported consuming any form of supplemental vitamin A (locally known as ratauni goti, low-dose vitamin A capsules that enter Nepal from India, but they are not
widely available) or iron and folic acid supplements.
During the study period, 6645 pregnant women were identified in Saptari, and 558 (8.4%) self-reported nightblindness
(Figure 1). Approximately 41% of the nightblind women identified either did not meet inclusion criteria or declined to participate. One hundred six nightblind women were randomly assigned to either a supplement (n ҃ 55) or placebo (n ҃ 51) group
while receiving vitamin A–fortified rice, and the remaining 225
women were enrolled in a vitamin A bioavailability trial occurring concurrently, as described elsewhere (15).

There is a high risk of mortality in women with nightblindness
during pregnancy (16). Therefore, rather than using a placebocontrol group, we recruited an untreated nonnightblind group in
the same region and within the study period to serve as a local,
concurrent reference group. Inclusion criteria, with the exception
of nightblind status, were the same as for their nightblind counterparts participating in the trial. Of the 4154 nonnightblind
women surveyed, 128 (3.1%) agreed to participate. A large proportion of these nonnightblind women refused to participate because they felt it would not be of benefit to them or their family
to be involved in the study. Questionnaires, blood sampling, and
dark adaptation measurements of the reference group were completed during a single visit to the field site center after enrollment.
Because of the low level of literacy in this community, the
subjects’ rights and the description of the study were explained
orally, and their thumbprints were obtained as evidence of informed consent. The study protocol was approved by the Office
of Human Research Protection at the University of California,
Davis (UC Davis), and by the Nepal Health Research Council,
Kathmandu, Nepal.
Study design
Eligible nightblind women were randomly assigned to receive
1 meal 6 d/wk for a period of 6 wk. The meal was vitamin
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FIGURE 1. Study enrollment from March 2001 to May 2002. XN, nightblindness; FeR ѿ VA, vitamin A (850 g retinal activity equivalents) plus 30 mg
Fe and 6 mg riboflavin; Placebo, VA only. *Of the 331 women randomly assigned to treatment groups, 225 were assigned to treatment groups associated with
a food-based maternal nightblindness treatment trial as described elsewhere (15).
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A–fortified rice [850 g retinol activity equivalents (RAE)]
served with a white gourd or cauliflower and potato curry, and it
included either an iron (30 mg as ferrous sulfate) and riboflavin
(6 mg) supplement (FeR ѿ VA) or a placebo (VA only) capsule.
Random assignment to masked treatment groups occurred in
8 –10-wk recruitment cycles. Observed changes in PT, hemoglobin, erythrocyte riboflavin, and plasma retinol and ferritin during
previous studies were used as the outcome variables for sample
size calculations. A moderate effect size 욷 0.5 SD, power of 80%
(1 ␤), a significance level of 5% (␣), and an assumed 10%
attrition rate were used in the calculation, which resulted in the
desired sample size of 50 women/group.
Supplement and food preparation and administration

Anthropometric, sociodemographic, and dietary data
collection
The nightblind women were transported to the study clinic
once for baseline evaluations and then weekly during the 6-wk
period for follow-up assessments. Height was measured to the
nearest 0.1 cm by using a stadiometer (model 214; Seca, Brooklyn, NY); weight was measured to the nearest 0.1 kg by using an
electronic scale (model 890; Seca, Hamburg, Germany). The
women were asked a series of questions from a standardized
questionnaire that included medical history and sociodemographic information. A food-frequency questionnaire that focused on general intake of vitamin A– containing foods and categories of animal source foods was also administered during each
of a subject’s weekly visits to the study clinic. Animal source
foods evaluated included milk, curd, eggs, poultry, meat, and
organ meats. The data from the food-frequency questionnaire
were stratified into 2 categories: consuming riboflavin-rich (animal source) foods 쏜2 times/wk or 울2 times/wk.

Pupillary threshold measurement
Each woman’s visual acuity was assessed with the use of an
eye chart at a distance of 4.9 m. Women who had monovision or
who could not see any part of the eye chart at daytime (n ҃ 3)
were excluded from the study. The PT was measured at baseline
and at the 6 weekly follow-up visits by using a hand-held illuminator (LKC Technologies Inc, Gaithersburg, MD) designed to
fit over one eye (17, 18). The illuminator has 12 intensity settings
at 앒0.4-log-unit intervals. These intensity settings were later
converted to the corresponding level of light intensity (in units of
cd/m2) according to the baseline calibration of the illuminator.
Before the testing, each subject was exposed to the flash of a
battery-powered, hand-held camera to bleach the retina. Immediately after this camera flash, the subject was placed in a completely dark room for 10 min. The room was 1.8 ҂ 1.2 m and
painted black, and all corners and doorway crevices were covered by drapery to ensure that no light could enter the room. A red
guidelight was used to ensure the proper fit of the illuminator
over the stimulated eye and to examine the observed eye. The
subject was asked to look straight ahead while the light intensity
was manually increased at 4-s intervals. The light intensity that
produced the first sign of pupillary constriction in the observed
eye as seen through a 2.5҂ magnification loupe was recorded as
the PT score. If the constriction was weak but definite, and if the
next light intensity produced a strong constriction, the intensity
at which the weak constriction occurred was recorded. Instrument drift occurred over time, which required the PT scores to be
adjusted on the basis of linear regression according to the date of
entry into the study, as described previously (15); this process
results in the adjusted PT scores reported here. PT scores 욷–1.11
log cd/m2 indicated impaired dark adaptation (18), and those
울–1.24 log cd/m2 indicated normal dark adaptation (19).
Sample collection and laboratory analyses
Blood was collected from subjects by venipuncture into heparinized tubes (Monovette; Sarstedt Inc, Newton, NC) before
intervention and 6 wk after intervention to measure hemoglobin,
erythrocyte riboflavin, plasma ferritin and retinol, albumin, and
C-reactive protein (CRP). The samples were transported to UC
Davis on dry ice and stored frozen at Ҁ20 °C until analysis.
Paired baseline and final samples were analyzed in duplicate
during the same analytic run.
Erythrocyte riboflavin was measured by using HPLC (1100
Series HPLC; Agilent Technologies Inc, Palo Alto, CA); plasma
retinol concentrations (20, 21) were measured by using a Class
VP HPLC (Shimadzu, Columbia, MD). The within-day CVs of
analytes in pooled, control samples were 울5.4% for plasma
retinol and 울10.0% for erythrocyte riboflavin. Erythrocyte riboflavin concentrations 쏝 170 nmol/L (20) and plasma retinol
concentrations 쏝 0.70 mol/L (22) indicated deficiency of riboflavin and vitamin A, respectively. Hemoglobin was measured
by using HemoCue (HemoCue Inc, Lake Forest, CA), and
plasma ferritin concentration was measured by using an immunoradiometric assay (Coat-A-Count IRMA; Diagnostic Products
Corporation, Los Angeles, CA). Anemia was defined as a hemoglobin concentration 쏝 110 g/L and iron deficiency as plasma
ferritin 쏝 12 g/L (23). Iron deficiency anemia (IDA) was
defined as combined hemogoblin 쏝 110 g/L and plasma ferritin
쏝 12 g/L.
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The capsule shells used for both treatment groups were from
the same batch and lot and were identical in appearance; they
were dark blue and opaque to protect against light exposure. The
iron and riboflavin capsules contained lactose powder as filler
and were produced by the Drug Product Services Laboratory at
the University of California, San Francisco (San Francisco, CA).
They were stored in a dry, opaque bottle at room temperature.
The placebo capsules consisted of a negligible amount of corn oil
(150 L) and were prepared on site and stored in zippered foil
bags at Ҁ20 °C.
All meals were cooked fresh daily, carefully divided into aliquots, and placed into individual thermos flasks according to a
written protocol. The meals and supplements were transported to
each subject’s home by motorbike and were served by a field
motivator, who observed and recorded consumption. The meal
consisted of 200 g cooked vitamin A–fortified rice (Ultra-Rice;
Program for Appropriate Technology for Health, Seattle, WA)
providing 850 g RAE vitamin A and a white gourd- and potatobased curry that was low in vitamin A. The meal was cooked in
15 g (1.1 tbsp) mustard seed oil to enhance vitamin A absorption,
and it provided a total of 앒370 kcal/d.
As incentive to participate, women in the nonnightblind comparison group were also offered a daily meal for up to 4 wk. Their
meal consisted of local rice served with a vegetable curry low in
vitamin A. The vegetable curry was the same as the preparation
provided to the nightblind subjects.
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CRP concentrations were measured with the use of radial
immunodiffusion (Nanorid; The Binding Site, Birmingham,
United Kingdom). Concentrations 쏜10 mg/L indicated the presence of an infection or inflammatory process, which may increase plasma ferritin concentrations and lower plasma retinol
concentrations (24, 25). Only 3 women (3.1%) had elevated CRP
concentrations; their mean plasma ferritin and retinol concentrations did not differ from those with normal CRP values. Therefore, results from all subjects were included in the analysis,
regardless of their CRP status. Plasma albumin was measured by
using the bromocresol green method (ALB plus; Roche Diagnostics, Mannheim, Germany) with the use of a Hitachi autoanalyzer (Ibaraki, Japan).
Statistical analysis

RESULTS

The nightblind women who were lost to follow-up or who
dropped out (n ҃ 10) did not differ in any characteristics from the
women who completed the study. The nightblind women who
remained in the study were from families with low socioeconomic status, and 앒40% had a body mass index (in kg/m2)
쏝 18.5 (Table 1). The caste distribution did not differ between
the groups. Most of the women were from either the Shudra or
Baishya caste, and most were illiterate. Consumption of animal
source foods (mostly dairy and poultry) was infrequent and did
not differ between treatment groups. None of the nightblind
subjects reported eating liver. As a reference comparison group,
the nonnightblind women did not differ significantly in age or
gestational stage from the nightblind women participating in the
trial. On average, the nonnightblind women weighed more, had
a higher BMI, and consumed more chicken and curd than did
their nightblind counterparts.

Nightblind women

Age (y)
Gestation (mo)
Weight (kg)
Height (cm)
BMI (kg/m2)
Caste distribution [n (%)]
Shudra
Baishya
Muslim
Chettri
Brahmin
Literate (%)
Intake 쏜 twice in
previous week [n (%)]
Milk
Chicken
Curd
Meat
Eggs
Liver

Nonnightblind
women
(n ҃ 128)

FeR ѿ VA
(n ҃ 55)

23.5 앐 5.02
5.6 앐 1.3
45.1 앐 5.53
150.2 앐 5.3
20.0 앐 2.04

24.4 앐 5.3 24.7 앐 5.6
5.3 앐 1.0
5.3 앐 1.1
44.1 앐 5.9 41.9 앐 5.2
150.3 앐 6.0 148.9 앐 5.7
19.4 앐 2.0 18.8 앐 1.8

Placebo
(n ҃ 51)

49 (38.3)
46 (35.9)
25 (19.5)
4 (3.1)
4 (3.1)
25

27 (49.1)
24 (43.6)
3 (5.5)
1 (1.8)
0 (0)
15

25 (49.0)
23 (45.1)
3 (5.9)
0 (0)
0 (0)
16

58 (45.3)
36 (28.6)3
35 (27.3)5
10 (7.9)
8 (6.3)
1 (0.8)

17 (30.9)
8 (14.5)
7 (12.7)
1 (1.8)
3 (5.5)
0 (0)

21 (41.2)
6 (11.8)
8 (15.7)
2 (3.9)
0 (0)
0 (0)

1
FeR ѿ VA, vitamin A (850 g retinal activity equivalents) plus 30 mg
Fe and 6 mg riboflavin; Placebo, vitamin A (equal amount) only. There were
no differences between the 2 groups of nightblind women.
2
x 앐 SD (all such values).
3–5
Significantly different from each of the nightblind treatment groups
(general linear model ANCOVA with pregnancy months as a covariate;
Tukey-Kramer test for multiple comparisons): 3P 쏝 0.01, 4P 쏝 0.002, 5P 쏝
0.03.

No significant differences at baseline were found between
nonnightblind women and either nightblind treatment group for
any of the biochemical measurements (Table 2) except erythrocyte riboflavin concentration (P 쏝 0.01). The nightblind women
in the VA only treatment group had a higher prevalence of low
hemoglobin values at the start of the study than did the women in
the FeRѿVA group (P 쏝 0.03) (Table 3).
Among nightblind women at baseline, plasma retinol and ferritin concentrations were positively associated, and both measures were negatively associated with PT score (Table 4). Frequency of egg consumption was positively correlated with
erythrocyte riboflavin concentration, and the frequency of milk
and chicken consumption was positively associated with plasma
retinol concentration (data not shown).
Of the nightblind subjects, low concentrations of plasma retinol were detected in 18% of the VA only group and in 27% of the
FeR ѿ VA group at baseline (Table 3). The decrease in vitamin
A deficiency from baseline was not significant in either treatment
group (P ҃ 0.52) (Table 3). Likewise, no significant difference
was observed between treatment groups in baseline or final mean
concentrations of plasma retinol, and the values increased similarly in both groups after treatment (Table 2). Because the mean
change in plasma retinol concentration was small, additional
tests were done to evaluate interactions between treatment group
and baseline iron status. The interaction terms for difference in
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Statistical analyses were performed with the use of PC-SAS
software (release 8.01; SAS Institute Inc, Cary, NC). Log transformation was used to normalize the distributions of plasma
ferritin, erythrocyte riboflavin, hemoglobin-to-albumin ratio,
and ferritin-to-albumin ratio. Subject characteristics were compared between the FeR ѿ VA group and the VA only group by
using Student’s t test and a chi-square test, as appropriate. Analysis of variance (ANOVA) followed by Tukey-Kramer post hoc
comparisons was used to analyze baseline biochemical measures
in the 2 nightblind groups and the nonnightblind women. Pearson’s correlation was used to examine associations between PT
score and baseline main effects. Analysis of covariance with SAS
PROC GLM was used to analyze PT score changes from baseline
by treatment group with respect to measures of erythrocyte riboflavin, plasma retinol, and ferritin, after control for the baseline value of the respective response variables, pregnancy month,
enrollment cycle, and frequency of consuming animal source
foods; this was followed by Tukey-Kramer post hoc comparisons
of group means. Nonsignificant main effects were removed systematically from the models. Interaction terms for change in PT
score between treatment group and baseline status of riboflavin,
iron, and vitamin A were evaluated with the use of the same
procedure after control for baseline PT score. To consider the
hemodilution effects of pregnancy, final hemoglobin and plasma
ferritin concentrations were also evaluated jointly with albumin
in a ratio by using the same analysis of covariance procedures.
P 쏝 0.05 was considered significant for all tests.

TABLE 1
Baseline characteristics of nightblind and nonnightblind pregnant nepali
women1

1379

DARK ADAPTATION RESPONSE TO IRON PLUS RIBOFLAVIN
TABLE 2
Baseline and final biochemical concentrations and concentration change by nightblind status and treatment group1
Nightblind women
Nonnightblind women2
15.2 (13.0, 17.8)

179.1 (172.9, 185.5)a

15.9 (12.8, 19.8)
20.4 (17.9, 23.2)b
3.9 (1.4, 6.6)b

Placebo4
16.6 (12.5, 21.8)
15.7 (13.6, 18.2)a
Ҁ0.7 (Ҁ2.7, 1.8)a

164.8 (154.1, 176.0)b
248.6 (236.7, 261.2)b
92.2 (79.7, 105.3)b

153.8 (142.2, 166.3)b
150.4 (142.3, 159.0)a
Ҁ4.7 (Ҁ12.6, Ҁ1.6)a

1.01 앐 0.4

0.99 앐 0.4
1.02 앐 0.04
0.04 앐 0.04

0.97 앐 0.3
1.08 앐 0.05
0.11 앐 0.05

110.6 앐 11.7

109.2 앐 14.8
106.7 앐 1.4
Ҁ2.7 앐 1.7

105.3 앐 11.9
104.8 앐 1.6
Ҁ0.8 앐 1.5

3.4 앐 0.6
3.2 앐 0.4

3.6 앐 0.4
3.3 앐 0.4

4.52 (3.64, 5.60)
6.03 (5.05, 7.20)b
1.87 (1.37, 2.53)b

4.80 (3.66, 6.28)
5.06 (3.94, 6.49)a
1.15 (0.82, 1.62)a

3.07 (2.94, 3.21)
3.24 (3.11, 3.38)
0.16 (0.08, 0.24)

3.02 (2.90, 3.15)
3.18 (3.04, 3.32)
0.13 (0.04, 0.21)

Baseline values are x 앐 SD; final and change values are geometric x 앐 SEM; 95% CIs in parentheses. FeR ѿ VA, vitamin A (850 g retinal activity
equivalents) plus 30 mg Fe and 6 mg riboflavin; Placebo, VA (equal amount) only. At baseline, values in a row with different superscript letters are significantly
different, P 쏝 0.0005 [Student’s t test (or where nonnightblind group comparisons are made, ANOVA); Tukey-Kramer test]. At final, values in a row with
different superscript letters are significantly different, P 쏝 0.01 (general linear model ANCOVA with pregnancy months, study cycle, animal source food
consumption, and baseline values as covariates; Tukey-Kramer test for group comparisons). For ferritin:albumin, values in a row with different superscript
letters are significantly different, P 쏝 0.05 (general linear model ANCOVA with pregnancy months and baseline ratio values as covariates; Tukey-Kramer test
for group comparisons). For changes, values in a row with different superscript letters are significantly different, P 쏝 0.05 [ANCOVA with pregnancy months,
high C-reactive protein (for ferritin and retinol), and baseline values as covariates; Tukey-Kramer test for group comparisons].
2
n ҃ 128.
3
n ҃ 55 baseline and 53 final.
4
n ҃ 51 baseline and 43 final; because of insufficient sample for albumin analysis in 1 subject, n ҃ 50 baseline and n ҃ 42 final for albumin and both
ratio values.
1

retinol change in iron-deficient (0.03 앐 0.05 mol/L) and ironnondeficient (0.09 앐 0.04 mol/L) women were not significant
(P ҃ 0.385).
More than half of the subjects in the nightblindness trial had
riboflavin deficiency and anemia at the start of the study (Table
3). Supplementation with iron and riboflavin was effective in
increasing final erythrocyte riboflavin concentrations (P 쏝
0.0001). A dramatic reduction was observed in the prevalence of
riboflavin deficiency in the FeR ѿ VA group, whereas a nonsignificant increase in prevalence, from 70.5% before treatment
to 79.1% after treatment, was observed in the VA only group
(Table 3).
Nightblind women at baseline had moderate prevalences of
iron deficiency (36 – 44%) and IDA (30 –35%) (Table 3).
Women who received the supplements of iron and riboflavin had
a significantly greater increase in their plasma ferritin concentrations than did women who did not receive the supplements
(P ҃ 0.01) (Table 2). The FeR ѿ VA treatment group also had

lower final prevalence of iron deficiency and IDA than at baseline (P 쏝 0.01 and 쏝 0.007, respectively) (Table 3). Paradoxically, the changes in hemoglobin concentration and prevalence
of anemia were not significant.
Plasma albumin was measured to control for plasma volume
expansion during pregnancy, which can lower plasma ferritin
concentrations (26). Albumin concentrations fell significantly
over time and equally in both groups. The change in plasma
ferritin concentration by treatment group remained significant
after control for albumin; the final difference in plasma ferritinto-albumin ratio from baseline remained greater in the FeR ѿ VA
group than in the VA only group (P 쏝 0.05; Table 2).
No difference was observed in the mean baseline PT score
between nightblind women assigned to the FeR ѿ VA [Ҁ0.69
log cd/m2 (95% CI: Ҁ0.81, Ҁ0.58 log cd/m2)] and VA only
[Ҁ0.70 log cd/m2 (95% CI: Ҁ0.86, Ҁ0.54 log cd/m2)] groups
(Table 3). However, nonnightblind women had a better mean PT
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Plasma ferritin (g/L)
Baseline
Final
Change
Erythrocyte riboflavin (nmol/L)
Baseline
Final
Change
Plasma retinol (mol/L)
Baseline
Final
Change
Hemoglobin (g/L)
Baseline
Final
Change
Albumin (g/dL)
Baseline
Final
Ferritin:albumin
Baseline
Final
Change
Hemoglobin:albumin
Baseline
Final
Change

FeR ѿ VA3

1380

GRAHAM ET AL

TABLE 3
Proportion of nonnightblind and nightblind women with abnormal biochemical values and pupillary threshold at baseline and at final and the mean
prevalence change after treatment1
Nightblind women
FeR ѿ VA
(n ҃ 55)

Nonnightblind women
(n ҃ 128)
%

%

43.0 앐 4.4

43.6 앐 6.7
20.8 앐 5.6
Ҁ22.6 앐 7.4b

35.6 앐 7.2
37.2 앐 7.5
2.3 앐 6.2a

39.8 앐 4.3a

60.0 앐 6.7b
5.7 앐 3.2
Ҁ54.3 앐 5.3b

70.5 앐 7.0b
79.1 앐 6.3
8.6 앐 5.7a

14.8 앐 3.2a

87.3 앐 4.5b
30.2 앐 6.4
Ҁ57.1 앐 7.3b

75.6 앐 6.5b
39.5 앐 6.7
Ҁ36.1 앐 8.0a

19.5 앐 3.5

27.3 앐 6.1
18.9 앐 5.4
Ҁ7.5 앐 6.5

17.8 앐 5.8
14.0 앐 5.4
Ҁ4.7 앐 6.6

44.5 앐 4.4a

23.4 앐 3.8

45.5 앐 6.8a
54.7 앐 6.9
9.4 앐 6.2

64.4 앐 7.2b
69.8 앐 7.1
6.7 앐 7.0

34.6 앐 6.5
15.1 앐 5.0
Ҁ20.8 앐 6.8b

29.6 앐 7.0
33.3 앐 7.4
4.8 앐 5.9a

All values are x 앐 SEM. FeR ѿ VA, vitamin A (850 g retinal activity equivalents) plus 30 mg Fe and 6 mg riboflavin; Placebo, VA (equal amount)
only. At baseline, values in a row with different superscript letters are significantly different, P 쏝 0.03 [logistic regression with pregnancy months and high
C-reactive protein (for plasma ferritin and retinol) as covariates]. For changes, values in a row with different superscript letters are significantly different, P 쏝
0.05 [logistic regression with control for pregnancy months, high C-reactive protein (for ferritin and retinol), and baseline status as covariates; Tukey-Kramer
test for group comparisons].
2
Plasma ferritin 쏝12 g/L and hemoglobin 쏝110 g/L.
1

[Ҁ1.43 log cd/m2 (95% CI: Ҁ1.49, Ҁ1.37 log cd/m2), P 쏝
0.0001] than did the nightblind women at baseline.
Although all of the women reported recovery from nightblindness at the end of the treatment period, 16 women (30.2%) in the
FeR ѿ VA group and 17 women (39.5%) in the VA only group
still had abnormal dark adaptation at the final timepoint. The final

prevalence of poor dark adaptation after treatment remained significantly greater in both intervention groups than in the nonnightblind comparison women (P 쏝 0.005). It is interesting that,
although the final prevalence of impaired PT did not differ by
treatment group, women in the FeR ѿ VA group had a greater
reduction in impaired PT prevalence from baseline than did

TABLE 4
Pearson correlations of enrollment cycle, gestation, biochemical measures, and pupillary threshold (PT) at baseline in nightblind women (n ҃ 106)1
Variable
Enrollment cycle
Gestation
Plasma retinol
Plasma ferritin
Erythrocyte riboflavin
Hemoglobin
Pupillary threshold
1

Plasma retinol
0.03
Ҁ0.01
—
—
—
—
—

Plasma ferritin

Erythrocyte
riboflavin

Hemoglobin

PT

0.15
Ҁ0.222
Ҁ0.07
Ҁ0.15
—
—
—

Ҁ0.23
Ҁ0.02
0.16
0.364
Ҁ0.212
—
—

Ҁ0.13
0.01
Ҁ0.323
Ҁ0.344
0.05
Ҁ0.12
—

0.05
Ҁ0.15
0.232
—
—
—
—

Plasma ferritin and erythrocyte riboflavin were log transformed to normalize distributions.
P 쏝 0.05.
3
P 울 0.005.
4
P 쏝 0.001.
2

2
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Plasma ferritin 쏝 12 g/L
Baseline
Final
Change
Erythrocyte riboflavin 쏝 170 nmol/L
Baseline
Final
Change
Pupillary threshold 쏜 Ҁ1.11 log cd/m2
Baseline
Final
Change
Plasma retinol 쏝 0.70 mol/L
Baseline
Final
Change
Hemoglobin 쏝 110 g/L
Baseline
Final
Change
Iron deficiency anemia2
Baseline
Final
Change

Placebo
(n ҃ 51)
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baseline riboflavin status was not significant (P ҃ 0.13). Women
with poor iron status given supplements of iron and riboflavin
had a significantly larger improvement in PT score (Ҁ1.41 앐
0.20 log cd/m2) than did women given vitamin A alone (Ҁ0.65 앐
0.25 log cd/m2) (P ҃ 0.05) (Figure 4). In contrast, the PT score
improvement in women with adequate iron status did not differ
between treatment groups and was similar to the PT score change
in iron-deficient women given supplements of iron and riboflavin. Similar differences were seen in PT score change in the
placebo group according to IDA status (P 쏝 0.01).

DISCUSSION

women in the VA only group (P 쏝 0.05) (Table 3). This greater
reduction in impaired PT prevalence was also reflected in the
analysis of mean final PT scores in the treatment groups and in
the nonnightblind reference group (Figure 2). Although no significant difference was observed in the mean final PT score
between the treatment groups (P ҃ 0.17), the mean PT score of
the FeR ѿ VA group (Ҁ1.32 log cd/m2; 95% CI: Ҁ1.42, Ҁ1.21
log cd/m2) at the end of the study was not significantly different
from that of the nonnightblind women. In contrast, the mean final
PT score of the VA only group (Ҁ1.21 log cd/m2; 95% CI:
Ҁ1.32, Ҁ1.09 log cd/m2) remained significantly poorer than that
of the nonnightblind group by the end of the study (P 쏝 0.03).
The PT score distributions for nightblind (final scores by treatment group) and nonnightblind (single, baseline scores) women
are shown in Figure 3.
The change in PT score was further evaluated for interactions
between treatment group and baseline status of vitamin A, iron,
riboflavin, and IDA. Vitamin A (P ҃ 0.04), iron (P ҃ 0.01), and
IDA (P ҃ 0.01) status all interacted significantly with treatment
group, whereas the interaction between treatment group and

To evaluate the efficacy of simultaneous administration of
iron and riboflavin to improve abnormal dark adaptation and
nutritional status, a randomized, masked supplementation study
providing vitamin A–fortified rice was conducted in rural Nepal
on pregnant women who reported being nightblind. Overall,
there was no benefit of iron and riboflavin supplements in improving PT score beyond that achieved by vitamin A alone.
However, a greater improvement in PT score was observed in a
subgroup of women who initially were iron deficient. Supplementation with iron and riboflavin significantly reduced deficiencies of iron and riboflavin and the prevalence of IDA.
Evaluating the PT distributions between the treatment groups
and nonnightblind women provided a visual explanation of how
there could be such a large difference in final impaired dark
adaptation prevalence, and there were only small differences in
final PT means. The distribution in the group supplemented with
iron and riboflavin became more centralized and similar to that in
the nonnightblind women, such that more women in the FeR ѿ
VA treatment group were below the PT cutoff.
We observed a significant association between PT score and
plasma ferritin at baseline, which showed a possible role for iron
in the dark adaptation process. Studies in mice confirm the importance of iron and iron transport to the retina for utilization in
rod cells and the inner and outer segments of photoreceptors (27).
In a study by Sarici et al (28), subclinical visual impairment as
measured by visual-evoked potential was attributed to IDA in
otherwise healthy infants aged 7–24 mo (n ҃ 20). Although dark
adaptation was not assessed in those infants, iron supplementation (4 mg FeSO4/kg) given daily for 12 wk significantly decreased latencies of visual-evoked potential (improved response
to visual stimuli) compared with baseline.

FIGURE 3. Distribution of pupillary threshold scores in nonnightblind (—; n ҃ 128) and nightblind women after receiving vitamin A–fortified rice without
(– – –; n ҃ 43) or with (䡠䡠䡠; n ҃ 53) iron and riboflavin. The vertical line represents the provisional cutoff value for abnormal dark adaptation associated with
vitamin A deficiency (Ҁ1.11 log cd/m2).
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FIGURE 2. Box plot of mean (앐SE) pupillary thresholds of nonnightblind (non-XN) (baseline, n ҃ 128) and nightblind (XN) women at baseline.
[(䊐) FeR ѿ VA, n ҃ 55; (■) VA, n ҃ 51] and final (FeR ѿ VA, n ҃ 53; VA,
n ҃ 43) timepoints. FeR ѿ VA, vitamin A (850 g retinal activity equivalents) plus 30 mg Fe and 6 mg riboflavin; Placebo, VA only. *Nonnightblind
women differed significantly from all nightblind women at baseline (P 쏝
0.0001) and from the Placebo group at the end of the study (P 쏝 0.03) (a
general linear model ANCOVA with pregnancy months, study cycle, animal
source food consumption, and baseline values as covariates; Tukey-Kramer
test for group comparisons).
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In further evaluation of our data, the greater change in PT score
in response to treatment among the iron-deficient than among the
iron-replete women also correlated with the mean change in
riboflavin concentration. Although riboflavin is required for
some photoreceptors, the functional importance of riboflavin in
the correction of nightblindness remains unclear. The results
from the present study suggest that the role of riboflavin in dark
adaptation may be primarily to mobilize iron from ferritin in
iron-deficient women, rather than doing so by an effect on the
riboflavin-dependent photoreceptors. These issues could be addressed better if additional treatment arms, such as treatment
with iron and vitamin A or riboflavin and vitamin A, were incorporated into this study.
Providing iron to these iron-deficient women was expected to
increase hepatic retinyl ester hydrolysis and therefore to increase
the circulating retinol concentration (4), but this was not observed. Although the prevalence of nightblindness was high in
this region, the plasma retinol concentrations of these women
were not as low as those seen in previous reports in nightblind
women. Previous studies from other areas of Nepal have reported
mean serum retinol concentrations of 0.73– 0.87 mol/L and a
mean PT score of Ҁ0.84 log cd/m2 in pregnant nightblind women (29 –31). The observations in the present study were
of mean concentrations of serum retinol nearer to adequacy
(욷1.05 mol/L), on average, and poorer mean dark adaptation
values than those previously reported by Christian et al in other
nightblind pregnant women in the Terai (31). It is interesting that
the mean plasma concentration of retinol among the nonnightblind women is much lower than the serum concentrations
(1.17–1.24 mol/L) reported in healthy pregnant Nepali women
in the Terai (32). Plasma vitamin A concentrations required to
achieve normal dark adaptation were reported to range from
0.70 to 욷 1.40 mol/L (33, 34). The wide range can indicate the

interindividual variability of visual sensitivity, possibly influenced by an array of nutrient deficiencies. The PT scores improved significantly in both treatment groups, even though
plasma retinol concentrations increased only slightly.
A supplementation trial by Tanumihardjo et al (35) found a
significant improvement in vitamin A status by the modified
relative dose-response test without detecting a significant change
in the serum retinol concentration of pregnant Indonesian women
(n ҃ 27) who had marginal vitamin A status at baseline (21–28
g/dL) and who were given 8000 IU vitamin A plus 60 mg Fe for
8 wk. If plasma retinol concentrations do not respond to treatment
when baseline values are marginal, the use of more sensitive
measures of vitamin A status, such as modified relative dose
response or PT score, should be more informative. However,
both the current study and the trial by Tanumihardjo et al (35)
may have had too small a sample size to allow detection of any
significant differences in plasma retinol concentrations. The issue of small sample size may also be a factor in our not finding
a significant PT difference in the post hoc analysis of the vitamin
A– deficient women.
Recent developments in vitamin A assessment indicate that
stable-isotope dilution provides the most accurate estimate of
status. Stable-isotope dilution has been proposed as the standard
of reference for other measures of vitamin A status (36). However, the mathematical model has not yet been applied or investigated in pregnant women.
At baseline, half of the women assigned to treatment groups
had anemia, and nearly one-third had IDA. IDA contributes to
rates of maternal morbidity and mortality and is associated with
preterm delivery and low birth weight (37, 38). Anemia and iron
deficiency during pregnancy have been reported frequently in
Nepal (39 – 42). The World Health Organization considers anemia (hemoglobin 쏝 110 g/L) to be a severe public health problem
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FIGURE 4. Mean (앐SE) pupillary threshold changes of nightblind women after receiving vitamin A–fortified rice without (placebo; ■) or with iron plus
riboflavin supplementation (FeR ѿ VA; 䊐) according to baseline iron, vitamin A, and riboflavin status. ER, erythrocyte riboflavin. *Significant treatment group
҂ deficiency status interactions (a general linear model ANCOVA with baseline status and pupillary threshold as covariates): P ҃ 0.01 for low plasma ferritin
and P ҃ 0.04 for low plasma retinol.
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