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ABSTRACT
Background: The biological variability in serum retinol concentra-
tions has never been examined in a large sample, and its effect on
population distribution estimates and the clinical assessment of vi-
tamin A status is unknown.
Objective: We evaluated the biological CV of serum retinol and
examined the effect of the CV on both population distribution esti-
mates and clinical assessments of vitamin A status by using data
from the third National Health and Nutrition Examination Survey,
1988–1994.
Design: We described the biological CV [(SD/x�) � 100] and exam-
ined associations between the CV and other factors via multivariate
analysis of variance and linear regression. We used linear regression
to predict the mean retinol concentration from a single concentration
and established 95% CIs for each participant. We estimated the
adjusted prevalence of inadequate vitamin A status (retinol � 1.05
�mol/L) on the basis of the CIs. We estimated an uncertainty range
for serum retinol concentrations for which the CIs included the
established cutoff.
Results: The mean biological CV across all strata was 6.45%. The
biological CV varied significantly between racial-ethnic groups
(P � 0.05). Prevalence estimates of inadequate serum retinol con-
centrations were reduced after adjustment for the total variation,
with an adjusted overall prevalence of 0.62% compared with an
unadjusted prevalence of 2.63%.
Conclusions: The actual population prevalence of inadequate vita-
min A status may be 75% lower than the estimates previously re-
ported. Confirmation of vitamin A status may be needed for persons
in the United States with observed serum retinol concentrations near
the recognized cutoff. Am J Clin Nutr 2004;79:625–32.

KEY WORDS Biological variation, CV, regression, regres-
sion to the mean, serum retinol, vitamin A, third National Health and
Nutrition Examination Survey, NHANES III

INTRODUCTION
Population distributions of serum retinol and the prevalence of

inadequate serum retinol concentrations have been estimated and
described (1–5). The population distribution of serum retinol is
affected by 2 distinct components of the total variance: interin-
dividual (between-person) and intraindividual (within-person)
variance. Intraindividual variation can distort quantile estimates
above and below the median by creating a wider spread in the

distribution, with more observations in the tails (6–8). The in-
traindividual variance itself consists of 2 components: analytic
variance, or that which is inherent in the laboratory assay proce-
dure, and biological variance, or physiologic changes in serum
concentrations observed in an individual person from day to day.
Another factor that influences both population prevalence esti-
mates and individual serum concentrations is the regression to
the mean effect. Individual persons are presumed to have an
inherent physiologic range that follows a normal distribution and
cycles around a theoretical set point, which represents the true
mean. If a person has a particularly high or low measurement on
one occasion, a second measurement will be expected to yield a
more moderate result, or one closer to the population mean (9–
11). Standard laboratory methods for measuring serum retinol
and the variation inherent in the laboratory assay have been
documented, but the effect of intraindividual biological variance
on the distribution of serum retinol and the prevalence estimates
of inadequate serum retinol has not been examined in a large,
nationally representative sample (12). Without knowing the
magnitude of biological variance, public health practitioners
cannot be certain how accurately an estimated prevalence of
vitamin A deficiency based on a sample with a single concen-
tration reflects the true population status.

Individual clinical assessments of vitamin A status rely on an
established reference range for serum retinol, with 1st and 99th
percentiles of 0.87 and 4.01 �mol/L [(�mol/L)/0.03491 � �g/
dL], respectively, based on a preliminary analysis of the 1988–
1994 third National Health and Nutrition and Examination Sur-
vey (NHANES III) data (13). Concentrations � 1.05 �mol/L
indicate potentially inadequate vitamin A status, and concentra-
tions � 0.70 �mol/L indicate a frank deficiency (2, 13, 14).
Without knowing the magnitude of individual biological varia-
tion, clinicians cannot accurately diagnose vitamin A status on
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the basis of a single test, and it is not known whether test results
near the cutoff should be repeated.

We used data from NHANES III to describe the biological
variation of serum retinol and the associations between the bio-
logical variation and other factors known or suspected to be
associated with serum retinol concentrations. We evaluated the
effect of the biological and analytic variation on individual clin-
ical assessment of vitamin A status and the interpretation of
population distributions of serum retinol concentrations.

SUBJECTS AND METHODS

Sample and measurement
NHANES III was a complex, stratified probability sample

intended to be representative of the noninstitutionalized civilian
population of the United States. The sample design and survey
methods were described elsewhere (13). Each participant in the
survey received a comprehensive physical examination at a mo-
bile examination center (MEC), and blood specimens were col-
lected from all examinees aged � 1 y (n � 29 314) (15, 16).
Serum retinol was measured via isocratic reversed-phase HPLC
(HPLC Waters Chromatography Division, Milford, MA) on
22 940 examinees aged � 4 y (16). Detailed descriptions of the
blood handling procedure for retinol analysis were published
previously (13).

NHANESIII collected extensivedata during the interviewand
examination that were pertinent to the analysis of serum retinol.
Covariates known or suspected to be associated with variation
in serum retinol concentrations include the use of retinol-
containing supplements (17), the heavy use of alcohol (defined in
this analysis as self-reported consumption of � 5 alcoholic
drinks per occasion more than once a month), smoking (assessed
by measuring serum cotinine concentrations in this analysis), the
use of exogenous estrogens, body mass index (BMI), and serum
lipids (18–21). Participants were classified as non-Hispanic
white, non-Hispanic black, Mexican American or “other” race-
ethnicity. We used the poverty-income ratio (PIR) as a marker of
socioeconomic status (13). Adult participants aged � 9 y were
classified in 3 PIR strata: � 1.3, � 1.3–3.5, and � 3.5. Because
of sample size considerations, participants aged 6–18 y were
categorized into 2 PIR strata: � 1.3 and � 1.3. We excluded
from this analysis participants with conditions at the time of the
examination that are known to affect serum retinol concentra-
tions: elevated concentrations of C-reactive protein (� 2.0 mg/
dL), the presence of antigens indicating active hepatitis, a history
of liver disorder or liver disease [assessed on the basis of � 2
liver enzymes (alanine aminotransferase, alkaline phosphatase,
aspartate aminotransferase, and lactose dehydrogenase) being
elevated beyond the upper limit of the reference range], and
pregnancy (13, 18, 22–24).

We used 3 analytic population samples in this analysis: 1) the
laboratory quality control (QC) data to estimate the analytic CV
of serumretinol,2) a subsampleofNHANESIII participantswho
received a second physical examination to estimate the biologi-
cal CV (CVb), and 3) the primary NHANES III sample to esti-
mate the effect of CVb and the analytic CV (CVa) on the popu-
lation distribution of serum retinol and to assess its effect on the
individual clinical assessment of vitamin A status.

The laboratory QC data used in this analysis consisted of blood
samples taken from a group of volunteers who were not part of

the NHANES III sample. Approximately 400 total blood sam-
ples, 5 from each MEC location, were split into 2 aliquots and
sent to the laboratory as a blind QC measure; 159 of these du-
plicate samples were tested for serum retinol and used in this
analysis to estimate the analytic CV.

During the NHANES III survey, a second physical examina-
tion was conducted on a nonrandom sample of �30 participants
at each MEC location (�5% of the primary NHANES III sam-
ple). Of those 2586 participants aged � 6 y who had a second
examination, 2259 (96%) subjects had complete data for serum
retinol. Of those subjects, 93 participants were excluded because
of missing data for the covariates of interest, and 161 subjects
were excluded because of conditions known to affect serum
retinol concentrations or for missing data for these conditions.
One outlier was removed, and the final sample used to estimate
the CVb of serum retinol was 2004 participants. We included
participants of other racial-ethnic groups in the calculation of
total population values, but there were too few participants of
“other” race-ethnicities to allow for a subgroup analysis (n � 61).

Of those participants in the primary NHANES III examina-
tion, 21 398 examinees aged � 6 y had complete data for serum
retinol. Of those participants, 1817 were excluded because of
missing data on the covariates of interest, 1062 were excluded
because of conditions known to affect serum retinol concentra-
tions, and 312 were excluded because of data for these condi-
tions. Some participants were excluded on the basis of more than
one criterion. Because a linear model was used to predict the
regression to the mean effect, participants with serum retinol
concentrations outside the range analyzed in the repeat sub-
sample (range: 0.38–5.27 �mol/L) were excluded to avoid ex-
trapolation beyond the range of the model (n � 21). The final
sample used to estimate the population distribution of the CVb
consisted of 18 425 participants. Participants of “other” race-
ethnicities (n � 770) were included in the calculation of total
population estimates.

Statistical methods
Although the CV is the most widely accepted method of re-

porting analytic variance in serum constituents, numerous meth-
ods have been incorporated in the assessment of biological vari-
ance (9, 25–42). In this analysis we extended the use of the CV
to biological variance to account for the dependent relation be-
tween the variance and the concentration of serum retinol and
incorporated a linear model to predict and account for the regres-
sion to the mean effect. In addition to enabling a more accurate
prevalence estimate of inadequate serum retinol by adjusting for
factors influencing the distribution, this method also allows for
clinical assessment on the basis of a single serum sample.

The CV [(SD/x�) � 100] is used to assess variability in serum
concentrations because it accounts for the increased variability at
either extreme of the range, a dependence commonly observed in
serum measurements (25). The CV is also proportional to the
variance, which facilitates summing the components of the total
observed CV (CVt):

(CVt)2 � (CVa)2 � (CVb)2 (1)

We calculated the CVa for the QC samples and examined linear
and nonlinear models in an attempt to predict the CVa from the
serum concentration of each sample. We applied the results of the
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selected model to estimate the CVa on the basis of the serum
concentrations observed in the NHANES III subsample with a
repeat examination and then estimated the CVb for each partic-
ipant in this sample:

CVb � � (CVt)2 � (CVa)2 (2)

We analyzed the association between the covariates and the CVb
of serum retinol for the NHANES III subsample with a repeat
examination. Because these covariates varied by sex, age, and
race-ethnicity, we used multiple linear regression analysis to
identify associations between these variables and the CVb. Be-
cause the CVb was not normally distributed, the rank orders of the
continuous variables were used in the models. Because of the
higher prevalence of potentially inadequate serum retinol con-
centrations observed in children, separate regression analyses
were performed for children and adolescents aged 6–18 y and
adults aged � 19 y (5). Full linear regression models included
sex, race-ethnicity, PIR, age in years, retinol from supplements,
BMI, the average number of alcoholic drinks per week, serum
cotinine concentrations, and serum lipid concentrations. Only
those independent variables with a significance level of P � 0.05
were retained in the models. Full models were initially run sep-
arately for the sexes to incorporate the use of exogenous estro-
gens, but the sexes were combined into one model after exoge-
nous estrogen use proved nonsignificant (P � 0.29).

To evaluate the regression to the mean effect, we used linear
regression analysis to predict the mean concentration by the first
serum concentration among the subsample with a repeat exam-
ination. We then used the linear equation to predict the mean
concentration for the primary NHANES III sample. The sub-
group mean CVt from the NHANES III subsample with a repeat
examination was incorporated into the variance of the linear
equation, and 95% CIs were calculated around the predicted
mean retinol concentration for all participants in the primary
NHANES III sample. This allowed the CIs to be shifted toward
the population mean.

We estimated the adjusted prevalence of inadequate (� 1.05
�mol/L) serum retinol concentrations by calculating the percent-
age of participants whose 95% CI fell entirely below the 1.05
�mol/L cutoff. The adjusted prevalence represents the estimated
proportion (%) of the sample with a predicted mean retinol con-
centration that is potentially inadequate based on the 95% CIs,
given the inherent variability in the measurement. We calculated
the uncertainty range for serum retinol, defined as the range of
serum concentrations for which the CIs include the 1.05 �mol/L
cutoff. We calculated these ranges on the basis of the CVb and the
CVt for selected values of CVa.

Because of the small proportion of NHANES III participants
who received a second physical examination and the nonrandom
selection of these subjects, we performed all portions of the
analysis involving the repeat subsample unweighted and un-
stratified by using SAS (version 8.2, 2001; SAS Institute Inc,
Cary, NC). The prevalence estimates of inadequate serum retinol
and adequate serum retinol and the adjusted prevalence estimates
for the primary NHANES III sample were calculated by using
SUDAAN (release 8.0, 1999; Research Triangle Institute, Re-
search Triangle Park, NC) to incorporate the complex sample
design and weights.

RESULTS

Analytic CV
The plot of the CVa of each split sample ordered by the abso-

lute serum retinol concentration (range: 0.87–4.33 �mol/L, n �
159) is shown in Figure 1. There was no significant linear as-
sociation between the CVa and the serum concentration observed
in the QC sample. We used the mean CVa (x�: 1.58%, range:
0–6.86%) as the estimate because no linear or nonlinear model
was found to be superior on the basis of the R2 and error sum of
squares criteria (11).

Biological CV
The mean and quartile distribution of the CVb of serum retinol

among the NHANES III participants with a repeat examination
is shown in Table 1. Participants who had identical repeated
retinol concentrations with an observed CVt of zero (n � 127;
6.3%) and those participants for whom the estimated CVa ex-
ceeded the observed CVt (n � 155; 7.7%) were assigned a value
of zero for their CVb. The range of the CVb across all strata was
0–56.5% (data not shown). Because there were no significant
differences in the CVb between the sexes in any of the strata (data
not shown), only the totals are presented. Across all age and
race-ethnicity strata, the median serum retinol CVb was � 7.5%,
and the 75th percentile was � 15%. Overall and among adults,
the mean CVb among non-Hispanic blacks and Mexican Amer-
icans was significantly higher than that in non-Hispanic whites
(P � 0.05).

The finalmultiple linear regressionmodels are shown inTable
2. Among adults, race-ethnicity was significantly associated
with the rank order of the CVb for serum retinol. Non-Hispanic
black and Mexican American adults showed a higher rank order
of the CVb than did non-Hispanic whites (P � 0.01). The rank
order of BMI was also significantly associated with the rank
order of the CVb, indicating a 0.1-unit decrease in CVb rank for
everyunit increase inBMI rank (P � 0.0002).Of the children and
adolescents aged 6–18 y, no factors were significantly associated
with the CVb.

Effect of the CV on clinical evaluation and population
prevalence estimates

The overall mean CVb for serum retinol among the NHANES
III subsample with a repeat examination was 6.45%. The 95%
CIs resulting from the linear regression model used to estimate
and adjust for the regression to the mean effect are shown in
Figure 2. At the clinical level, the linear regression model and the
CV can be applied to a single serum retinol concentration (in
�mol/L) to determine an individual’s predicted mean and 95%
CI. The CVa of the specific laboratory should be added to the CVb
to obtain a more accurate 95% CI (see Appendix A for a detailed
solution):

95% CI � 0.073 � 0.96 � retinol (in �mol/L) �

(1.96) � [0.0096 � CVb � retinol (in �mol/L)] (3)

For example, based on the overall mean CVb, the 95% CI for a
personwithanobservedconcentrationof2.02�mol/L is as follows:

95% CI � 0.073 � 0.96 � 2.02 � �1.96 � 0.0096 � 6.45

� 2.02� � 2.01 � 0.245 � �1.77, 2.26� (4)
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The prevalence of inadequate serum retinol concentrations
(� 1.05 �mol/L) for selected subgroups among the primary
NHANES III sample is shown in Table 3. The prevalence of
inadequate serum retinol concentration was very low among
adults (1.05% among those aged � 19 y), but among the younger
age groups the prevalence was higher (16.13% among those aged
6–11 y). These results are consistent with previously published
estimates (5). The proportion (%) of those with a single concen-

tration � 1.05 �mol/L whose 95% CIs fell entirely below this
cutoff and the adjusted prevalence of serum retinol concentra-
tions � 1.05 �mol/L on the basis of the limits of the 95% CIs are
also shown in Table 3. Because there were significant differences
in the mean CVb between age and race-ethnicity groups, sub-
group specific means were used to calculate the 95% CIs. The
overall prevalence estimate of inadequate serum retinol based on
the single measurement in NHANES III was 2.63%, with an

FIGURE 1. Observed analytic variation (CVa) in serum retinol concentrations. The horizontal dashed line represents the mean CVa (1.58%).

TABLE 1
Mean and quartile distribution of the biological CV (CVb) of serum retinol among participants in the third National Health and Nutrition Examination
Survey repeat examination

Participants1 Value2

Percentile

25th 50th 75th

All (n � 2004) 6.45 	 0.13 2.03 5.20 9.27
Non-Hispanic white (n � 891) 5.88 	 0.18 1.86 4.75 8.34
Non-Hispanic black (n � 559) 6.76 	 0.253 2.18 5.30 9.83
Mexican American (n � 493) 7.19 	 0.283 2.40 5.83 10.52

6–11 y (n � 137) 7.42 	 0.55 2.73 6.02 10.91
Non-Hispanic white (n � 33) 7.38 	 1.17 1.71 5.42 8.49
Non-Hispanic black (n � 61) 6.84 	 0.71 2.49 5.52 10.46
Mexican American (n � 41) 8.68 	 1.12 3.96 6.92 11.14

12–18 y (n � 166) 6.47 	 0.43 1.56 5.16 9.74
Non-Hispanic white (n � 41) 6.41 	 0.87 1.59 5.16 9.06
Non-Hispanic black (n � 69) 6.42 	 0.71 0.88 4.85 9.79
Mexican American (n � 50) 6.41 	 0.75 1.52 5.56 9.82

�19 y (n � 1701) 6.36 	 0.14 2.08 5.10 9.11
Non-Hispanic white (n � 817) 5.80 	 0.19 1.87 4.69 8.31
Non-Hispanic black (n � 429) 6.80 	 0.303 2.24 5.30 9.63
Mexican American (n � 402) 7.14 	 0.313 2.35 5.68 10.17

1 Participants of “other” races or ethnicities were included in the calculations for the “All” category.
2 x� 	 SE.
3 Significantly different from non-Hispanic white, P � 0.05.
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adjusted prevalence of 0.62% falling into the inadequate cate-
gory on the basis of the 95% CIs for the predicted mean. The
variability produced larger prevalence adjustments in non-
Hispanic white and Mexican American groups than in non-
Hispanic blacks. The prevalence of inadequate serum retinol
concentrations was 1.87% in non-Hispanic whites and 5.63% in
Mexican Americans, with only 21.59% and 22.88%, respec-
tively, of those likely remaining in the inadequate category with
repeat testing. These estimates indicate that the prevalence of
inadequate serum retinol in these race-ethnicity groups may be
overestimated by �78% when a single test is used. The variabil-
ity produced the largest prevalence adjustments in adolescents
aged 12–18 y; the estimated prevalence was 2.34% based on a
single concentration,with an adjustedprevalenceof 0.41%based
on the 95% CIs for the predicted mean. The results suggest that
the prevalence of inadequate serum retinol may be overestimated

by � 80% within this age group when a single test is used.
The uncertainty ranges of serum retinol, defined as concen-

trations for which the 95% CIs cover the 1.05 �mol/L cutoff, are
shown in Table 4. The first column of the table is the uncertainty
range based solely on the CVb. The second through fourth col-
umns show the uncertainty range based on the total CV resulting
from the addition of selected levels of analytic variation. At the
clinical level, persons with observed serum retinol concentra-
tions that fall within this range could have a contradictory con-
centration with respect to the cutoff on retesting. For example, if
a given laboratory has a CVa of 2%, the third column would
apply. In this situation, if a Mexican American child aged be-
tween 6 and 11 y had an observed serum retinol concentration
between 0.84 and 1.05 �mol/L, confirmation of their vitamin A
status should be considered because it is possible that the person
would have a concentration � 1.05 �mol/L on retesting. On the
basis of the CVb (column 1), the overall uncertainty range of
serum retinol concentrations is 0.90–1.16 �mol/L. In non-
Hispanic white adults, this range was 0.91–1.15 �mol/L. The
range is wider in children aged 6–11 y (0.89–1.19 �mol/L),
particularly in Mexican American children in this age group
(0.87–1.22 �mol/L).

DISCUSSION
The CVa for serum retinol did not vary significantly across the

concentration range with a mean of 1.58% and a maximum of
6.86%. Significant differences in the mean CVb between non-
Hispanic whites and the other ethnic groups were observed. This
was consistentwith the results of the regression analysis,wherein
the CVb was higher in the adult non-Hispanic black and Mexican

FIGURE 2. Observed serum retinol concentrations (wider bold line) and the 95% CIs (narrower bold line). The dashed lines represent the sample mean (1.85
�mol/L).

TABLE 2
Multiple linear regression analysis of factors associated with the biological
CV (CVb) of serum retinol among adult participants in the third National
Health and Nutrition Examination Survey repeat examination

Adults aged �19 y (n � 1701) �1 P

Non-Hispanic white Referent —
Non-Hispanic black 87.04 (29.21) 0.0029
Mexican American 109.82 (29.71) 0.0002
Other 11.46 (69.06) 0.8682
BMI2 
0.091 (0.02) 0.0002

1 SE in parentheses.
2 Rank order was used in the model: � reflects a 1-unit change in the rank

order of the CVb.
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American ethnic groups. These differences were most likely
attributable to the increased prevalence of a serum retinol con-
centration � 1.05 �mol/L observed in these groups in the current
analysis and previously reported estimates, which indicated
lower mean serum retinol concentrations (5). The results of the
regression analysis indicated that an increasing rank order of
BMI was associated with a lower CVb in adults; however, the
small magnitude of the parameter estimate indicated that this
association was physiologically negligible. In children and ado-

lescents aged 6–18 y, no factors were significantly associated
with the CVb.

The total variance of the distribution of serum retinol and the
prevalence estimates of extreme values are affected by intrain-
dividual biological variance and the regression to the mean ef-
fect. In the current analysis, prevalence estimates of inadequate
serum retinol were reduced after adjustment for the intraindi-
vidual portion of the variance and the regression to the mean
effect in the distribution, and the actual population prevalence of

TABLE 3
Prevalence of single serum retinol concentrations �1.05 �mol/L and the adjusted prevalence based on 95% CIs among participants in the third National
Health and Nutrition Examination Survey1

Participants2
Serum retinol �1.05
�mol/L on single test

95% CI �1.05
�mol/L3

Adjusted prevalence
�1.05 �mol/L4

%
All (n � 18425) 2.63 	 0.18 23.42 	 1.76 0.62 	 0.06

Non-Hispanic white (n � 7121) 1.87 	 0.18 21.59 	 3.07 0.40 	 0.06
Non-Hispanic black (n � 5235) 5.77 	 0.45 25.77 	 2.42 1.49 	 0.19
Mexican American (n � 5299) 5.63 	 0.33 22.88 	 2.66 1.29 	 0.15

6–11 y (n � 2618) 16.13 	 1.51 24.27 	 2.75 3.92 	 0.56
Non-Hispanic white (n � 712) 13.90 	 1.87 24.20 	 4.67 3.36 	 0.73
Non-Hispanic black (n � 857) 22.38 	 1.52 32.33 	 3.92 7.24 	 1.05
Mexican American (n � 933) 21.10 	 1.78 23.33 	 4.54 4.92 	 0.96

12–18 y (n � 2285) 2.34 	 0.31 17.36 	 4.79 0.41 	 0.13
Non-Hispanic white (n � 599) [1.00] 	 0.34 [14.77] 	 10.31 [0.15] 	 0.11
Non-Hispanic black (n � 809) 7.36 	 0.86 [12.73] 	 4.87 [0.94] 	 0.40
Mexican American (n � 761) 5.84 	 0.80 [15.61] 	 5.23 [0.91] 	 0.33

�19 y (n � 13522) 1.05 	 0.15 23.67 	 4.89 0.25 	 0.07
Non-Hispanic white (n � 5810) 0.73 	 0.16 [17.51] 	 7.02 [0.13] 	 0.05
Non-Hispanic black (n � 3569) 2.53 	 0.29 23.17 	 4.15 0.59 	 0.12
Mexican American (n � 3605) 2.30 	 0.22 26.18 	 5.08 0.60 	 0.12

1 All values are % 	 SE; numbers in brackets indicate estimates that were statistically unreliable on the basis of National Center for Health Statistics
standards (SE/estimate � 0.30).

2 Participants of “other” race or ethnicities were included in the calculation for the “All” category.
3 Calculated by dividing values for those with a 95% CI � 1.05 �mol/L by values for those with a single concentration � 1.05 �mol/L.
4 Calculated by dividing values for those with a 95% CI � 1.05 �mol/L by the value for all participants.

TABLE 4
Uncertainty range of serum retinol concentrations based on 95% CIs for selected analytic CV (CVa) values in the third National Health and Nutrition
Examination Survey1

Participants CVb

CVt

at CVa � 1.5% at CVa � 2.0% at CVa � 3.0%

�mol/L �mol/L
All 0.90–1.16 0.88–1.20 0.87–1.22 0.86–1.25

Non-Hispanic white 0.91–1.15 0.89–1.19 0.88–1.20 0.87–1.23
Non-Hispanic black 0.90–1.17 0.87–1.21 0.87–1.23 0.85–1.26
Mexican American 0.89–1.18 0.87–1.23 0.86–1.24 0.85–1.27

6–11 y 0.89–1.19 0.87–1.23 0.86–1.25 0.84–1.28
Non-Hispanic white 0.89–1.19 0.87–1.23 0.86–1.25 0.84–1.28
Non-Hispanic black 0.90–1.17 0.87–1.22 0.87–1.23 0.85–1.26
Mexican American 0.87–1.22 0.85–1.27 0.84–1.29 0.83–1.32

12–18 y 0.90–1.16 0.88–1.20 0.87–1.22 0.86–1.25
Non-Hispanic white 0.90–1.16 0.88–1.20 0.87–1.22 0.86–1.25
Non-Hispanic black 0.90–1.16 0.88–1.20 0.87–1.22 0.86–1.25
Mexican American 0.90–1.16 0.88–1.20 0.87–1.22 0.86–1.25

�19 y 0.90–1.16 0.88–1.20 0.87–1.22 0.86–1.24
Non-Hispanic white 0.91–1.15 0.89–1.19 0.88–1.20 0.87–1.23
Non-Hispanic black 0.90–1.17 0.87–1.21 0.87–1.23 0.85–1.26
Mexican American 0.89–1.18 0.87–1.22 0.86–1.24 0.85–1.27

1 Values are the ranges of serum retinol concentrations for which the 95% CIs included 1.05 �mol/L. CVb, biological CV.
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inadequate serum retinol concentrations may be 75% lower than
the estimates previously reported (5). Although the adjustment is
large as a percentage of the prevalence estimate, the magnitude
of the actual difference is small (2%), which indicated that, over-
all, an estimate based on a sample with a single serum measure-
ment is accurate in estimating the population prevalence. In the
non-Hispanic black and Mexican American racial-ethnic groups,
the biological variability produced a larger prevalence adjust-
ment (4.28% and 4.34%, respectively). In children aged 6–11 y,
the prevalence adjustment was of a larger magnitude (12.21%),
which indicated a higher level of biological variability and a less
accurate prevalence estimate on the basis of a single serum con-
centration measurement in this age group.

Given the efficacy, availability, and relative safety of appro-
priate retinol supplementation in reversing subclinical vitamin A
deficiency, confirmation of vitamin A status for persons with an
observed concentration � 1.05 �mol/L does not appear to be as
critical as that for those with an observed concentration above the
cutoff, but whose 95% CI overlaps the cutoff. In general, the
vitamin A status of a person with a single retinol concentration
between 1.05 and 1.16 �mol/L should be confirmed, although
this range will be affected by specific laboratory variance.

The CVb for serum retinol was estimated in this analysis by
using the NHANES III subsample with a repeat examination.
The small size of this sample and the nonrandom selection of the
participants were considered when attempting to generalize the
results of this study to the entire NHANES III sample, which was
designed to represent thenoninstitutionalized civilianpopulation
of the United States. We compared the demographic distribution
of the NHANES III participants with a repeat examination with
that of those participants without a repeat examination (data not
shown). We found few statistically significant (P � 0.05) dif-
ferences in the demographic distribution between the samples.
The average age of the participants in the subsample was older
than that of those in the primary NHANES III sample (mean age:
43 and 37 y, respectively; P � 0.0001). The proportion of non-
Hispanic whites was significantly larger in the subsample than in
the primary NHANES III sample (41% and 36%, respectively;
P � 0.0001). The mean serum retinol concentration was higher
in the participants in the research subsample than in those in the
primary NHANES III sample (difference: 0.1 �mol/L; P �
0.0001). Although the differences were statistically significant,
we do not believe that these differences between the subsample
and the primary NHANES III sample indicated clinically signif-
icant physiologic differences nor were the differences large
enough to invalidate the application of these results to the pri-
mary NHANES III sample or the generalizability and clinical
applicability of these results to the US population.

Because the regression to the mean effect is driven by the
sample mean, the results of the current study cannot be extrap-
olated beyond the population from which the sample was drawn.
The same analysis performed within other populations, such as
those in developing nations where the population mean serum
retinol concentration is likely to be lower and the prevalence of
inadequate vitamin A higher than in the United States, will not
yield similar results.
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APPENDIX A
To account for the regression to the mean effect, we used a linear regression model to predict the mean serum retinol concentration
from the first serum concentration in the NHANES III subsample with a repeat examination:

�i � �0 � �1Xi (A1)

�* � 0.07274 � 0.96148 � Xi (A2)

where �0 and �1 are the linear model intercept and linear model parameter estimate, respectively; �* is the within-subject mean serum
retinol concentration; and Xi is the observed within-subject serum retinol concentration in the first sample. Because the linear model
equation was applied to a different sample, the regression parameters were held constant and no longer had a variance associated with
them. The variance of the estimated mean was calculated as follows:


2��*� � ��1
2� � variance(X) (A3)

and the 95% CI was calculated as follows:

�* � 1.96 � ��1� � �SD(X�] (A4)

By substituting the CV for the SD of X [CV � (SD/x�) � 100 with the mean � Xi], we obtained the following:

95% CI � �* � 1.96 � (0.96) � [(CV/100) � Xi] (A5)

� �* � 1.96 � �0.0096� � �CV � Xi) (A6)
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