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Objective: To investigate the change in the prevalences and associations of positive skin test reactions,
oculonasal symptoms, and asthma during the Second and Third National Health and Nutrition Examination
Surveys (NHANES II and NHANES III, respectively).
Methods: Data collected during NHANES II and Il were used. The prevalence and associations of positive
skin test reactions, oculonasal symptoms, and asthma and the linear trend of oculonasal symptoms and
asthma prevalence across different cumulative positive skin test reactions were calculated for each NHANES
period.
Results: From NHANES II to NHANES III, the prevalence of asthma doubled (2 times) and increased for
positive skin test reactions (2.2 times), oculonasal symptoms (3.3 times), and concurrence of asthma, ocu-
lonasal symptoms, and positive skin test reactions (5.3 times). People were sensitive to an increasing
number of allergens. Positive skin test reactions increased from 0.2% (NHANES II) to 2.7% (NHANES III) for
people allergic to all 6 allergens.
Conclusion: Despite some methodologic differences in skin tests across NHANES II and III, this study
demonstrated significant increases in allergen sensitivities (prevalence and number of allergens), oculonasal
symptoms, and asthma over a 20-year course, indicating that increased sensitivity led to increased allergic
symptoms and asthma during the 20 years from NHANES II to NHANES IIL

© 2016 American College of Allergy, Asthma & Immunology. Published by Elsevier Inc. All rights reserved.

Introduction asthma.* Westernized lifestyles,” obesity in the patient and po-
tential impact of maternal obesity,® microbiomes,” antibiotic use®
and altered gene—environment interactions in a changing envi-
ronment also have been associated with the increased prevalence
of asthma and allergies.’

The risk of developing allergies and asthma has been quantified
in only a limited number of studies at the national level. Arbes
et al'® described a doubling in the prevalence of allergen sensitivity
in the United States from 1976 to 1994 using allergy skin test data
from the Second and Third National Health and Nutrition Exami-
nation Surveys (NHANES II and NHANES III, respectively). This
- study noted that 54.3% of Americans were sensitized to at least 1
Rgprints: Qingyu Meng, Php, Rutgers School of Public Health, 683 Hoes Lane West, allergen and found that the prevalence of allergen sensitivity was
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Allergies and asthma are major disease burdens in the United
States and have been increasing during the past 50 years.!
Currently, allergic diseases affect approximately one third of the
national population and appear to be increasing each year.’

The increasing prevalence of allergies and asthma appears to be
multifactorial, including environmental exposures and lifestyle
changes during the past quarter of a century.® Studies have sug-
gested that increased exposures to indoor and outdoor allergens
over time lead to an increase in the risk of developing allergies and
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of asthma in the elderly and pediatric populations.'” The studies
mentioned earlier focused on a particular symptom measurement
or a specific NHANES period. However, the progression of the
prevalence of allergy (the “allergic diathesis progression”'>) has not
been examined over time from skin test positivity to oculonasal
symptoms to the development of asthma.

The purpose of this study was to investigate the change in the
prevalence of allergy and asthma using data collected from
NHANES II and NHANES III, which were conducted from 1976
through 1980 and from 1988 through 1994, respectively. By
examining responses to the medical history questionnaire and
allergen skin test data across NHANES Il and NHANES I, this study
provides a better understanding of the potential progression of skin
test positivity, oculonasal symptoms, and asthma associations and
the changing prevalence of allergy and asthma over time.

Methods
NHANES Data

Data collected during the NHANES II and NHANES Il were
analyzed. NHANES II (1976—1980) and NHANES III (1988—1994)
were conducted approximately 10 years apart and were designed to
be nationally representative samples of the US population at the
time. Data files were obtained from the public domain of the Center
for Disease Control and Prevention. Data used in this work include
demographic information, allergen skin test results, oculonasal
symptoms, and asthma status of each NHANES participant.

Skin test results were assessed for 6 allergens common to
NHANES II and NHANES III: cat, ragweed, perennial rye, oak,
Bermuda grass, and Alternaria alternata. A skin test result was
considered positive if the difference between the mean wheal
length and skin test width and the negative control was greater
than 3 mm. An individual was considered sensitized, or skin test
positive, if he or she exhibited a positive reaction for at least 1 of the
6 allergens. There are methodologic differences between NHANES II
and NHANES 11l in the conduction of skin tests.'*!> The differences
include allergen extract standardization for potency, differences in
inclusion and exclusion criteria for the 2 periods, different control
(histamine) concentrations even within NHANES II, and skin test
reading times. The impact of these differences on the present
findings is discussed in the Discussion section.

Oculonasal symptoms were identified using survey responses
from the medical history questionnaire. In NHANES II, participants
were asked, “During the past 12 months not counting colds or the
flu, have you frequently had trouble with: (1) Stuffy nose? (2) Itchy
nose? (3) Watery discharge from nose? (4) Watery, itchy eyes?” An
individual was considered to have oculonasal symptoms if he or she
answered “yes” to any of items 1 to 3 (nasal symptom questions)
and “yes” to item 4 (ocular symptom question). In NHANES III,
participants were asked, “During the past 12 months, have you had
any episodes of: (1) Stuffy, itchy, or runny nose? (2) Watery, itchy
eyes?” An individual was considered to have oculonasal symptoms
if he or she answered “yes” to the nasal symptom question (item 1)
and the ocular symptom question (item 2). An individual was
considered to have asthma if he or she had a history of the disease
and still had the disease.

In addition, the prevalence of skin test positivity, oculonasal
symptoms, and asthma was characterized and compared for 5 pairs
of population groups across NHANES Il and NHANES III (ie,
comparing 1 age group of NHANES II to the following age group in
NHANES III: group A, 6—10 years old in NHANES Il and 16—19 years
old in NHANES III; group B, 11—19 years old in NHANES II and
20—30 years old in NHANES III; group C, 20—30 years old in
NHANES II and 31—40 years old in NHANES III; group D, 31—40
years old in NHANES II and 41—50 years old in NHANES III; group E,
41-50 years old in NHANES II and 51—60 years old in NHANES III).

As mentioned earlier, NHANES II and III were conducted approxi-
mately 10 years apart in different populations; however, the pop-
ulation of each NHANES period was chosen to be nationally
representative at the time. Therefore, NHANES III can be viewed as
a continuation of NHANES II. Comparing the prevalence of a disease
for an NHANES III population with that of a 10-year younger
NHANES II population can reflect the change in disease prevalence
nationwide for that specific age-related population pair over time.
This approach has been successfully applied to characterize the
change in blood lead concentrations over time, for a population
nationwide, across multiple NHANES surveys.'?

Statistical Analysis

All statistical analyses were conducted with SAS 9.3 (SAS Insti-
tute, Cary, North Carolina), and the statistical significance level was
.05 unless otherwise specified. The prevalence of skin test positiv-
ity, oculonasal symptoms, and asthma was calculated (frequency
and percentage) within each NHANES period, and the differences in
prevalence across NHANES periods were tested with x? test. The
strength of associations of skin test positivity, oculonasal symp-
toms, and asthma was expressed as correlation coefficients (¢ for
nominal variables, range —1 to 1),'® and the homogeneity of the
associations across NHANES periods was tested with the Bre-
slow—Day test. The linear trend of oculonasal symptoms and
asthma prevalence across different cumulative numbers (range
0—6) of positive skin test reactions was examined with the
Cochran—Armitage test.

Results

Prevalence of Skin Test Positivity, Oculonasal Symptoms, and Asthma
across NHANES II and NHANES Il

During NHANES 11, allergy skin test results, oculonasal symp-
toms, and asthma status were collected from 11,044 people; during
NHANES 111, 10,833 people reported allergen-specific skin test re-
sults, oculonasal symptoms, and asthma status. The numbers of
positive skin test reactions, oculonasal symptoms, and asthma
cases were 2,144 (19.4%), 991 (9.0%), and 275 (2.5%), respectively,
during NHANES II and 4,538 (41.9%), 3,242 (29.9%), and 547 (5.0%),
respectively, during NHANES III. From NHANES II to NHANES 1], the
prevalence of asthma increased 2.0 times, that of skin test positivity
increased 2.2 times, and that of oculonasal symptoms increased 3.3
times (Fig 1A). In contrast, the concurrent prevalence of asthma,
oculonasal symptoms, and skin test positivity increased 5.3 times
(P < .0001 by ¥ test).

More skin test positivity, oculonasal symptoms, and asthma
cases were observed in NHANES III than in NHANES II within each
of the 5 pairs of population groups (Fig 1B). The increases in the
prevalence of single symptoms and symptom combinations were
statistically significant (P < .001 by y? test). From NHANES II to
NHANES 1II, the largest increases in the prevalence of single
symptoms and combination of symptoms were observed for pe-
diatric and adolescent populations (group A, 6—10 years old in
NHANES II and 16—19 years old in NHANES III): asthma, oculonasal
symptoms, and skin test positivity increased 1.7, 5.6, and 3.3 times,
respectively; and the concurrence of all 3 symptoms increased 5.9
times. The middle-age population (group D, 31—40 years old in
NHANES II and 41-50 years old in NHANES III) had the lowest
prevalence of increases, ranging from 2.0 times for asthma to 3.6
times for the concurrence of all 3 symptoms. In addition, increases
in oculonasal symptoms were usually greater than skin test posi-
tivity or asthma for each pair of population groups. From NHANES II
to NHANES III, the prevalence increased from 2.7 to 5.6 times for
oculonasal symptoms across the 5 population groups, from 1.6 to
2.1 times for asthma, and from 1.8 to 3.3 times for skin test
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Figure 1. (A) Prevalence of asthma, oculonasal symptoms (ONS), intradermal skin test positivity (IST+) for at least 1 of the 6 common allergens, and symptom combinations
during the Second and Third National Health and Nutrition Examination Surveys (NHANES Il and NHANES III). (B) Prevalence of asthma, ONS, IST+, and symptom combinations
for the specific age-related pair from NHANES II to NHANES III. Because NHANES I and NHANES IIl were approximately 10 years apart, test results in NHANES II for a certain age

group were matched with the age group 10 years older in NHANES IIL.

positivity. The concurrence of asthma, oculonasal symptoms, and
skin test positivity showed the greatest increase, ranging from 3.6
times (group D) to 5.9 times (group A).

Prevalence of Allergen-Specific Skin Test Positivity, Oculonasal
Symptoms, and Asthma across NHANES I and NHANES III

For each of the 6 common allergens, the prevalence significantly
increased (P < .0001 by y? test) from NHANES Il to NHANES III
for skin test positivity alone, for skin test positivity and

oculonasal symptoms, and for the concurrence of skin test posi-
tivity, oculonasal symptoms, and asthma (Table 1). The largest
prevalence increase from NHANES II to NHANES III was observed
for cat, followed by Bermuda grass, A alternata, perennial rye,
ragweed, and oak. For cat, the prevalence increased from 2.6% in
NHANES II to 14.9% in NHANES III for skin test positivity, from 0.5%
to 6.9% for the concurrence of skin test positivity and oculonasal
symptoms, and from 0.1% to 1.2% for the concurrence of all 3. In
addition, greater relative increases were observed for people with
the concurrence of all 3: on average, a 9.6 times increase was
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Table 1

121

Prevalence of skin test positivity, oculonasal symptoms, and asthma associated with each of the common allergens measured during NHANES Il and NHANES III

Allergen NHANES Skin test positivity only Skin test positivity and oculonasal symptoms Skin test positivity, oculonasal symptoms, and asthma
Frequency’ %°  Pvalue® Frequency® 73 P value® Frequency® 22 P value®

Alternaria alternata 11 434 3.9 <.0001 82 0.7 <.0001 12 0.1 <.0001
11 1,516 14.0 625 5.8 117 1.1

Bermuda grass Il 500 45 <.0001 107 1.0 <.0001 9 0.1 <.0001
11 2,018 18.6 872 8.0 127 1.2

Cat 1 289 2.6 <.0001 60 0.5 <.0001 10 0.1 <.0001
11 1,619 14.9 749 6.9 126 1.2

Oak Il 550 5.0 <.0001 120 1.1 <.0001 13 0.1 <.0001
11 1,249 115 600 55 93 0.9

Ragweed Il 1,217 11.0 <.0001 232 2.1 <.0001 26 0.2 <.0001
11 2,830 26.1 1,156 1.7 162 1.5

Perennial rye Il 1,191 1.8 <.0001 233 2.1 <.0001 24 0.2 <.0001
11 2,905 26.8 1,168 1.8 158 1.5

Abbreviation: NHANES, National Health and Nutrition Examination Survey.

*The number of people with skin test positivity alone, skin test positivity and oculonasal symptoms, and skin test positivity, oculonasal symptoms, and asthma associated with

a specific allergen within a given NHANES period.

PThe percentage of skin test positivity alone, skin test positivity and oculonasal symptoms, and skin test positivity, oculonasal symptoms, and asthma cases for a specific

allergen within a given NHANES period.

P value by x? test showing statistically significant difference in the prevalence of skin test positivity alone, skin test positivity and oculonasal symptoms, and skin test
positivity, oculonasal symptoms, and asthma for each allergen from NHANES II to NHANES IIL.

observed for the prevalence of the concurrence of all 3, followed by
a 7.3 times increase for the concurrence of skin test positivity and
oculonasal symptoms and a 3.4 times increase for skin test posi-
tivity alone.

A similar increasing prevalence from NHANES II to NHANES III
was observed for each of the 5 pairs of population groups. Figure 2
illustrates population pair-specific increases in the prevalence of
skin test positivity only, with oculonasal symptoms, and all 3 for
each of the 6 common allergens. All prevalence increases were
statistically significant (P < .001 by x? test). Among the 5 pairs of
population groups, group A showed the greatest increase in the
prevalence of skin test positivity alone and the concurrence of
multiple symptoms: the prevalence of skin test positivity alone
increased from 4.0 to 13.4 times across the 6 allergens; the preva-
lence of the concurrence of skin test positivity and oculonasal
symptoms increased from 12.4 to 33.9 times; and the prevalence of

the concurrence of all 3 increased from 8.7 to 22.4 times. Across
different population groups, the concurrence of multiple symptoms
showed 2 to 3 times greater prevalence increase than positive skin
test reactions alone.

The prevalence of oculonasal symptoms and asthma in pop-
ulations with skin test positivity and negativity for each allergen is
presented in Table 2. The prevalence of oculonasal symptoms and
asthma increased significantly (P < .0001 by x? test) from NHANES
11 to NHANES III not only in the skin test positive population but also
in the skin test negative population for each of the 6 common al-
lergens. Across the 6 common allergens, the prevalence of oculo-
nasal symptoms and asthma increased 2.1 and 1.8 times,
respectively, from NHANES Il to NHANES III for the skin test positive
population and increased 3.3 and 1.6 times, respectively, for the
skin test negative population. Similar results were observed for
each pair of population groups (eTable 1). Larger increases in the
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Figure 2. (A) Prevalence of skin test positivity for each common allergen during the Second and Third National Health and Nutrition Examination Surveys (NHANES II and
NHANES III). (B) Prevalence of oculonasal symptoms (ONS) with allergen-specific positive skin test reactions. (C) Prevalence of asthma with ONS and with allergen-specific
positive skin test reactions. Five age groups were investigated: A, 6 to 10 years old in NHANES II and 16 to 19 years old in NHANES III; B, 11 to 19 years old in NHANES II
and 20 to 30 years old in NHANES III; C, 20 to 30 years old in NHANES II and 31 to 40 years old in NHANES III; D, 31 to 40 years old in NHANES II and 41 to 50 years old in

NHANES III; E, 41 to 50 years old in NHANES II and 51 to 60 years old in NHANES III.
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Table 2

Prevalence of oculonasal symptoms and asthma for skin test positive and negative populations for each allergen during NHANES Il and NHANES III

Allergen NHANES Prevalence of oculonasal symptoms*® Prevalence of asthma”
Skin test positive population Skin test negative population Skin test positive population Skin test negative population
n % P value n % P value n % P value n % P value
Alternaria alternata I 82 189 <.0001 909 8.6 <.0001 37 85 .01 238 22 <.0001
11 625 41.2 2,617 28.1 199 13.1 348 3.7
Bermuda grass Il 107 214 <.0001 884 84 <.0001 24 4.8 2E-04 251 24 <.0001
it 872 43.2 2,370 26.9 204 1.1 343 3.9
Cat I 60 2.8 <.0001 931 8.7 <.0001 23 8.0 .032 252 23 <.0001
11 749 46.3 2,493 27.1 200 124 347 3.8
Oak Il 120 21.8 <.0001 871 83 <.0001 29 53 <.0001 246 23 <.0001
11 600 48.0 2,642 27.6 152 122 395 4.1
Ragweed Il 232 19.1 <.0001 759 7.7 <.0001 62 5.1 <.0001 213 22 <.0001
il 1,156 4.8 2,086 26.1 270 9.5 277 35
Perennial rye Il 233 19.6 <.0001 758 7.7 <.0001 60 5.0 <.0001 215 22 <.0001
11 1,168 42 2,074 26.2 262 9.0 285 3.6
>1 Positive reaction® Il 371 17.3 <.0001 620 7.0 <.0001 109 5.1 <.0001 166 1.9 7E-04
il 1,713 37.7 1,529 243 378 83 169 2.7

Abbreviation: NHANES, National Health and Nutrition Examination Survey.

“The prevalence of ocular and nasal symptoms, including frequency (number) and percentage, for the skin test positive population and skin test negative population during
NHANES Il and NHANES III for each of the 6 common allergens. A x? test (P value) was conducted to test prevalence differences across NHANES II and III.

PThe prevalence of asthma, including frequency (number) and percentage, for the skin test positive population and skin test negative population during NHANES II and
NHANES I for each of the 6 common allergens. A x? test (P value) was conducted to test prevalence differences across NHANES II and III.

“In this category, skin test positive population means the skin test reaction is positive for at least 1 of the 6 common allergens, and skin test negative population means all skin

test reactions are negative for the 6 common allergens.

prevalence of oculonasal symptoms and asthma were usually
observed for younger groups (groups A and B) than for older groups
(groups C—E).

Polysensitivity

From NHANES II to NHANES III, people had become sensitive to
an increasing number of allergens. Table 3 presents the prevalence
of skin test positivity for different cumulative numbers (range 0—6)
of allergens, for the overall population, for the population with
oculonasal symptoms, and for the population with oculonasal
symptoms and asthma. Table 3 presents a clear pattern showing
that a larger portion of the population was sensitive to an
increasing number of allergens. During NHANES I, the prevalence
of skin test positivity ranged from 0.2% for people allergic to all 6
allergens to 9.6% for people allergic to a single allergen. In contrast,

Table 3

during NHANES I1I, the prevalence increased and ranged from 2.7%
for people allergic to all 6 allergens to 14.1% for people allergic to a
single allergen. All increases were statistically significant (P <.0001
by x? test). The proportion of people allergic to all 6 allergens
increased 15 times from NHANES II to NHANES III (P < .0001 by x>
test). There were no people with asthma and oculonasal symptoms
allergic to all 6 allergens during NHANES II vs 13.3% during NHANES
11l (P = .0002 by ¥? test).

A similar pattern of the change in polysensitivity was
observed for each of the 5 pairs of population groups (Fig 3).
From NHANES II to NHANES III, the prevalence of skin test pos-
itivity for people allergic to 5 or 6 allergens increased from 0.2%
to 9.2% for group A, from 0.9% to 9.3% for group B, from 1.0% to
7.8% for group C, from 1.0% to 6.0% for group D, and from 0.5%
to 4.1% for group E. All increases were statistically significant
(P < .001 by ¥ test).

Prevalence of a cumulative number of skin test positivity during NHANES I and NHANES III for the overall population, the population with oculonasal symptoms, and the

population with asthma and oculonasal symptoms

Positive skin test reactions, n NHANES Overall population

Population with oculonasal symptoms

Population with asthma and oculonasal symptoms

Frequency’ %°  Pvalue‘ Frequency® e P value® Frequency® %Y P value©

0 11 8,900 8.6 <.0001 620 62.6 <.0001 48 52.7 <.0001
11 6,295 58.1 1,529 47.2 76 253

1 11 1,064 9.6 <.0001 140 14.1 981 16 17.6 234
111 1,527 14.1 459 14.2 38 12.7

2 I 507 46 <.0001 101 1.2 301 12 13.2 .696
11 899 8.3 295 9.1 35 11.7

3 11 292 2.6 <.0001 57 5.8 .003 8 8.8 .28
111 701 6.5 283 8.7 39 13.0

4 11 196 1.8 <.0001 50 5.0 .0007 5 5.5 .029
111 637 5.9 269 83 42 14.0

5 11 67 .6 <.0001 17 1.7 <.0001 2 2.2 .017
111 483 4.5 246 7.6 30 1.0

6 11 18 .2 <.0001 6 0.6 <.0001 0 .0 .0002
111 291 2.7 161 5.0 40 133

Abbreviation: NHANES, National Health and Nutrition Examination Survey.

2The number of people with a certain number (from 0 to 6) of positive skin test reactions within the overall population, the population with oculonasal symptoms, and the

population with asthma and oculonasal symptoms.

"The percentage of people with a certain number (from 0 to 6) of positive skin test reactions during NHANES II or Il within the overall population, the population with

oculonasal symptoms, and the population with asthma and oculonasal symptoms.

°p value by x? test showing statistical significance between NHANES Il and NHANES III for each cumulative number of positive skin test reactions.
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Figure 3. Prevalence of skin test positivity for a cumulative number of aller-
gens during the Second and Third National Health and Nutrition Examination
Surveys (NHANES II and NHANES III) for (A) the overall population, (B) people
with oculonasal symptoms (ONS), and (C) people with ONS and asthma. Five
age groups were investigated: A, 6 to 10 years old in NHANES II and 16 to 19
years old in NHANES III; B, 11 to 19 years old in NHANES II and 20 to 30 years
old in NHANES III; C, 20 to 30 years old in NHANES II and 31 to 40 years old
in NHANES III; D, 31 to 40 years old in NHANES II and 41 to 50 years old in
NHANES I1II; E, 41 to 50 years old in NHANES II and 51 to 60 years old in
NHANES III.

The prevalence of oculonasal symptoms, asthma, and concur-
rence of oculonasal symptoms and asthma increased from
NHANES 1II to NHANES III for people with the same cumulative
number of positive skin test reactions (range 0—6; Fig 4). Although
most increases for asthma and the concurrence of asthma and
oculonasal symptoms were not statistically significant, the prev-
alence of oculonasal symptoms was 2 to 3 times higher in NHANES
Il than in NHANES II, and all increases in oculonasal symptoms
were statistically significant (P < .0001; except for people allergic
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Figure 4. Prevalence of (A) oculonasal symptoms (ONS), (B) asthma, and (C) asthma
and ONS during the Second and Third National Health and Nutrition Examination
Surveys (NHANES II and NHANES III) within the population with different cumu-
lative numbers (range 0—6) of skin test positivity to the 6 common allergens.

to all 6 allergens, P = .069 by x? test). A similar pattern of prev-
alence increases was observed for each of the 5 population groups
(eTable 2).
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Associations among Skin Test Positivity, Oculonasal Symptoms, and
Asthma

The correlation coefficients among skin test positivity, oculo-
nasal symptoms, and asthma are presented in Table 4. Within each
NHANES, the correlation coefficients among positive skin test re-
actions, oculonasal symptoms, and asthma, although small, were
statistically significant because of the large sample. Stronger cor-
relation coefficients among all 3 were observed in NHANES III
compared with NHANES II. Correlation coefficients between
asthma and positive skin test reactions doubled or tripled in
NHANES III (eg, 0.04 in NHANES II vs 0.12 in NHANES III for oak). A
similar pattern was observed for each of the 5 populations groups
(groups A—E; eTable 3). In addition, a significant linear association
(P <.0001 by Cochran—Armitage test) was observed between the
cumulative number of positive skin test reactions (range 0—6) and
the prevalence of oculonasal symptoms or asthma, and this linear
association was stronger during NHANES III.

Discussion

This study provides insights into the progression of asthma and
allergic disease (the “allergic diathesis progression”) in a changing
population milieu from the 1970s through the 1990s. First, during
the 20-year course of NHANES Il and NHANES I, the prevalences of
skin test positivity, oculonasal symptoms, asthma, and their
concurrence increased. Second, the associations among skin test
positivity, oculonasal symptoms, and asthma changed over time
from NHANES II to NHANES III, suggesting a change of the associ-
ation of skin test reaction, oculonasal symptoms, and asthma over
time. The associations between skin tests and oculonasal symptoms
and asthma were stronger in NHANES III than in NHANES II, sug-
gesting that oculonasal symptoms and asthma might have devel-
oped more often from positive skin test reactions during NHANES
III compared with NHANES II. The change in the association among
skin test reaction, oculonasal symptoms, and asthma complicates
the projection of public health in the future because it appears that
the prediction for the future public health burden of allergic dis-
eases will not be linear,'”'® indicating that the current associations
among skin test reactions, oculonasal symptoms, and asthma
change with changing environments and lifestyles. Third, people
were becoming more sensitized to an increasing number of aller-
gens. The prevalence of skin test positivity to all 6 allergens
increased from 0.2% in NHANES II to 2.7% in NHANES III (P <.0001),
which demonstrates an increased propensity for allergen poly-
sensitivity. Fourth, the prevalence of allergies of 1 age group to

Table 4

another 10 years older in the 2 populations from NHANES II to
NHANES III was charted. The prevalence in skin test positivity,
oculonasal symptoms, and asthma and the tendency for poly-
sensitivity increased for each of the 5 population groups.

The increased prevalence of skin test positivity could be attrib-
uted to methodologic differences in the conduction of allergen-
specific skin tests in NHANES II and IIL.'°~?? A major difference was
the lack of consistent allergen extract standardization. This and mi-
nor differences, such as medical exclusion criteria, control (hista-
mine) concentrations, and skin test reading times in the 2 periods,
might have caused variability in individual reactivity and could make
comparisons suspect. However, previous studies have scrutinized
these methodologic differences'® and have provided convincing
evidence and reasonable interpretations that the increased preva-
lences are likely to be true, despite methodologic differences,
although caution should be used to interpret the results.

The increased prevalence of atopic diseases observed in this
study also is consistent with the findings from other developed
countries®?> and can be attributed to multiple factors, including
environmental exposures, westernized lifestyles, obesity, micro-
biomes, antibiotic use, and altered gene—environment interactions.
Changes in environmental factors affect allergen exposure and
allergenicity.”” For instance, increasing levels of carbon dioxide and
ozone change the allergen content of the atmosphere, leading to
increased sensitization and exacerbation of existing allergic airway
disease.”*?° In addition, plant productivity and airborne pollen
levels have been increasing in outdoor environments as a result of
climate change.>*® Poor ventilation rates, stable indoor tempera-
tures, and humidity levels promote the growth of perennial indoor
allergens such as molds and fungi.> Poor indoor air quality in-
creases the risk of developing allergic diseases, especially in urban
substandard housing.'®?”?® These changes affect allergen produc-
tion and allergenicity in indoor and outdoor environments.

Changes in lifestyle and indoor and outdoor environments
during the past quarter of the 20th century are purported to be risk
factors in the development and progression of the atopic pheno-
type, including asthma.?® Modifiable risk factors, such as sedentary
lifestyles (home and workplace), during that period led to
increased exposures to indoor allergens, such as mold, cat, cock-
roach, dust mite, and endotoxins.?* Previous studies have described
a dose-to-response relation between obesity and allergy.! Obesity
and allergy reached epidemic proportions in the 1990s and have
plateaued since. Westernized lifestyles and residence in a devel-
oped country also have been linked to increased occurrence of
allergic disease through as yet unidentified mechanisms.>%*! In

Associations between skin test sensitivity and oculonasal symptoms and between skin test sensitivity and asthma for each of the 6 common allergens during NHANES II and

NHANES III

Intradermal skin testing NHANES  Associations between skin test sensitivity and oculonasal symptoms

Associations between skin test sensitivity and Asthma

Correlation P value”

coefficient (¢)?

Correlation P value®
coefficient (¢)?

Alternaria alternata Il 0.07 <.0001
11 0.10 <.0001
Bermuda grass Il 0.09 <.0001
111 0.14 <.0001
Cat Il 0.07 <.0001
I 0.15 <.0001
Oak Il 0.10 <.0001
il 0.14 <.0001
Ragweed Il 0.12 <.0001
11 0.14 <.0001
Perennial rye Il 0.13 <.0001
il 0.14 <.0001

0.08 <.0001
0.15 <.0001
0.03 .0007
0.11 <.0001
0.06 <.0001
0.14 <.0001
0.04 <.0001
0.12 <.0001
0.06 <.0001
0.12 <.0001
0.06 <.0001
0.11 <.0001

Abbreviation: NHANES, National Health and Nutrition Examination Survey.

2The ¢ correlation coefficients reflect the strength of association between 2 nominal variables.
bp value by y? test showing the statistical significance of the association (¢) within each NHANES.
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addition, various epigenetic mechanisms underlying
gene—environment interactions appear to be responsible for the
skewing of T-helper cell types (Ty) 1 and 2 in developed nations,
which contributes to the increased prevalence of an atopic status,
whereas there has been a trend of decreasing infectious triggers in
the past century. For most people who have clinically documented
allergic responses, allergens specifically stimulate Ty2 cells to
produce specific cytokines (ie, interleukin-4, interleukin-5, and
interleukin-13) rather than the cytokines produced by Tyl cells
(interferon-y and interleukin-2). Thus, the allergic phenotype
demonstrates an unbalanced Ty2 skewing with its resultant cyto-
kine cascade compared with Ty1. Obesity also contributes more to a
Ty2 inflammatory cascade, among other mechanisms. In contrast,
Tyl activation is commonly seen in developing countries with
many prevalent infectious diseases. The lack of infectious diseases
and obesogenic environments of the West and the different life-
style factors described appear to act synergistically to cause an
increase in allergy prevalence.

This study had several strengths. In this study, for the first time,
the prevalences of positive skin test reactions, oculonasal symp-
toms, and asthma and the associations among skin test positivity,
oculonasal symptoms, and asthma were studied over 20 years us-
ing NHANES II and NHANES III data. Second, allergen-specific skin
test results were objectively recorded and had minimal observer
bias in the end point. Third, the use of a nationally representative
dataset makes significant population inferences possible from the
results. The difference between this study and other studies that
also use NHANES is innovative because previous studies examined
patients within the NHANES at the time when the study was con-
ducted. There was no follow-up to the present time. In other words,
other studies have examined only the incidence of asthma during
the period of the study. One major uncertainty of this study was the
methodologic differences in the conduction of allergen-specific
skin tests in NHANES II and III, which was discussed earlier.

Despite the limitations, this study highlights the need for
continued surveillance of allergic disease to promote public health
and decrease the clinical and economic burden of allergies and
asthma, especially with changing environments and lifestyles over
time. Future longitudinal studies with better exposure assessments
and allergen allergenicity quantification are needed to improve the
prediction of the disease burden of allergies and asthma. A better
understanding of personal exposure to indoor and outdoor aller-
gens and their aero-allergenicity will help identify vulnerable
populations. The importance of exposure mitigation in the pri-
mordial prevention of atopic sensitization has been established.
Studies have suggested that 39% of physician-diagnosed cases of
asthma in the United States could be avoided by eliminating
different environmental exposures.>? Eliminating potential sources
of early life personal exposure could attenuate the prevalence of
atopic sensitization, whereby a large percentage of asthma and
allergic disease can be prevented. In later life, ubiquitous allergen
avoidance has been helpful to ameliorate asthma exacerbations.

Supplementary Data
Supplementary data related to this article can be found at http://
dx.doi.org/10.1016/j.anai.2015.11.006.
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eTable 1
Prevalence of oculonasal symptoms and asthma for skin test positive and negative populations for each allergen during NHANES Il and NHANES III, stratified by age groups

Population® Allergen NHANES Prevalence of oculonasal symptoms” Prevalence of asthma®

Skin test positive population  Skin test negative population Skin test positive population Skin test negative population

n % P value n % P value n % P value n % P value
A Alternaria alternata 11 8 14.3 <.0001 68 53 <.0001 10 17.9 .95 36 2.8 214
11 106 44.2 <.0001 347 293 42 17.5 .95 44 3.7
Bermuda grass Il 4 129 5E-04 72 5.5 <.0001 1 32 .093 45 35 .659
11 145 45.5 5E-04 308 279 44 13.8 .093 42 3.8
Cat I 5 27.8 .057 71 5.4 <.0001 4 222 417 42 3.2 .266
11 132 51.0 .057 321 276 39 15.1 417 47 4.0
Oak I 4 1.8 <.0001 72 5.6 <.0001 2 5.4 132 44 34 .095
11 89 46.1 <.0001 364 29.6 28 14.5 132 58 4.7
Ragweed I 12 13.5 <.0001 64 52 <.0001 7 7.9 258 39 3.1 .853
11 185 41.2 <.0001 268 27.5 54 12.0 258 32 33
Perennial rye 1 13 12.9 <.0001 63 5.1 <.0001 8 7.9 316 38 3.1 458
11 192 43.5 <.0001 261 26.6 50 113 316 36 3.7
>1 Positive reaction® II 26 13.6 <.0001 50 44 <.0001 18 9.4 75 28 25 909
11 261 39.2 <.0001 192 254 68 1.2 75 18 24
B Alternaria alternata 11 26 171 <.0001 140 55 <.0001 12 7.9 427 50 2.0 223
11 108 444 <.0001 440 32 25 13 427 37 2.5
Bermuda grass I 25 18.0 <.0001 141 55 <.0001 9 6.5 873 53 2.1 225
11 185 47.1 <.0001 363 27.7 27 6.9 .873 35 2.7
Cat I 14 215 <.0001 152 5.7 <.0001 3 4.6 .203 59 2.2 .873
11 159 53 <.0001 389 28.1 30 9.5 203 32 23
Oak I 25 18.2 <.0001 141 55 <.0001 7 5.1 142 55 2.1 272
11 131 53.0 <.0001 417 28.7 23 9.3 142 39 2.7
Ragweed I 55 17.0 <.0001 111 4.6 <.0001 17 53 .387 45 1.9 365
11 232 46.0 <.0001 316 26.4 34 6.7 387 28 23
Perennial rye I 53 16.0 <.0001 113 4.7 <.0001 15 4.5 162 47 2.0 .639
11 224 42.5 <.0001 324 276 36 6.8 .162 26 2.2
>1 positive reaction? II 80 141 <.0001 86 4.0 <.0001 28 49 401 34 1.6 921
11 315 4.1 <.0001 233 254 47 6.0 401 15 1.6
C Alternaria alternata 11 23 19.8 <.0001 239 9.3 <.0001 10 8.6 971 45 1.7 2E-04
11 87 42.2 <.0001 417 315 18 8.7 971 49 3.7
Bermuda grass Il 39 223 <.0001 223 8.9 <.0001 6 34 .029 49 1.9 .009
11 141 46.8 <.0001 363 29.5 26 8.6 .029 41 33
Cat I 19 19.4 <.0001 243 9.4 <.0001 9 9.2 .66 46 1.8 .01
11 131 54 <.0001 373 293 28 1.8 .66 39 3.1
Oak I 34 22 <.0001 228 9.0 <.0001 10 6.0 .044 45 1.8 .006
11 108 51.9 <.0001 396 299 25 12.0 .044 42 32
Ragweed I 72 19.7 <.0001 190 8.2 <.0001 18 49 .019 37 1.6 .104
11 194 43.6 <.0001 310 28.5 41 9.2 .019 26 24
Perennial rye I 80 23 <.0001 182 7.9 <.0001 18 4.6 135 37 1.6 .002
11 199 44.8 <.0001 305 28.1 31 7.0 135 36 33
>1 positive reaction? 1I 123 18.7 <.0001 139 6.8 <.0001 29 44 .049 26 13 .035
11 274 4.2 <.0001 230 271 47 6.9 .049 20 24
D Alternaria alternata 11 14 26.9 .024 183 113 <.0001 4 7.7 .636 29 1.8 .02
11 50 45.5 .024 278 299 11 1.0 .636 30 3.2
Bermuda grass I 24 33.8 477 173 1.8 <.0001 3 42 533 30 1.9 .014
11 68 38.6 477 260 3.1 11 6.3 533 30 35
Cat I 11 224 .008 186 114 <.0001 2 4.1 .166 31 1.9 141
11 66 43.7 .008 262 295 16 1.6 .166 25 2.8
Oak I 31 31.6 .031 166 1.5 <.0001 4 4.1 255 29 1.8 .014
11 59 45.7 .031 269 29.6 10 7.8 .255 31 34
Ragweed I 44 221 <.0001 153 14 <.0001 7 35 118 26 1.8 .063
11 107 4.7 <.0001 221 28.5 18 6.8 118 23 3.0
perennial rye I 50 28.6 .027 147 9.8 <.0001 7 4.0 394 26 1.7 .016
11 100 389 .027 228 29.2 15 5.8 .394 26 33
>1 positive reaction? I 75 221 <.0001 122 9.1 <.0001 14 4.1 .168 19 14 178
11 169 4.0 <.0001 159 25.8 27 6.4 .168 14 23
E Alternaria alternata 11 6 16.7 .086 143 1.5 <.0001 0 .0 .022 40 2.9 .023
11 22 324 .086 204 3.6 9 13.2 .022 33 49
Bermuda grass I 8 15.7 .002 141 1.5 <.0001 2 3.9 .084 38 2.8 .045
11 42 41.2 .002 184 29.1 13 12.7 .084 29 4.6
Cat I 8 21.1 .011 141 14 <.0001 4 1.5 .786 36 2.7 .003
11 40 449 .011 186 28.8 8 9.0 .786 34 53
Oak Il 16 242 .008 133 1.0 <.0001 4 6.1 204 36 2.7 .005
11 26 47.3 .008 200 294 7 12.7 .204 35 5.1
Ragweed I 30 219 .006 119 9.5 <.0001 7 5.1 131 33 2.6 .031
11 60 36.6 .006 166 29.1 16 9.8 131 26 4.6

(continued on next page)
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Population® Allergen

NHANES Prevalence of oculonasal symptoms”

Prevalence of asthma®“

Skin test positive population

Skin test negative population

Skin test positive population

Skin test negative population

n % P value n % P value n % P value n % P value
Perennial rye 1l 21 21.0 .03 128 9.9 <.0001 5 5.0 .166 35 2.7 .024
11 48 33.8 .03 178 3.0 14 9.9 .166 28 4.7
>1 positive reaction? II 38 17.6 <.0001 111 9.4 <.0001 11 5.1 191 29 2.5 .047
11 94 34.6 <.0001 132 28.5 22 8.1 191 20 4.3

Abbreviation: NHANES, National Health and Nutrition Examination Survey.

?Five age groups were investigated: A, 6 to 10 years old in NHANES Il and 16 to 19 years old in NHANES III; B, 11 to 19 years old in NHANES II and 20 to 30 years old in NHANES
III; C, 20 to 30 years old in NHANES II and 31 to 40 years old in NHANES III; D, 31 to 40 years old in NHANES II and 41 to 50 years old in NHANES III; E, 41 to 50 years old in

NHANES II and 51 to 60 years old in NHANES III.

PThe prevalence of oculonasal symptoms, including frequency (number) and percentage, for the skin test positive population and skin test negative population during NHANES

11 and NHANES III for each of the 6 common allergens. A x? test (P value) was conducted to test prevalence differences across NHANES II and IIL.

“The prevalence of asthma, including frequency (number) and percentage, for the skin test positive population and skin test negative population during NHANES II and

NHANES I for each of the 6 common allergens. A x? test (P value) was conducted to test prevalence differences across NHANES II and IIL.

9In this category, skin test positive population means the skin test reaction is positive for at least 1 of the 6 common allergens, and skin test negative population means all skin
test reactions are negative for the 6 common allergens.
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Prevalence of oculonasal symptoms, asthma, and asthma and oculonasal symptoms during NHANES Il and NHANES Il within the population with different numbers of positive
skin test reactions (range 0—6) to the 6 common allergens for each age group

Population®  Cumulative NHANES Prevalence of oculonasal symptoms” Prevalence of asthma“ Prevalence of asthma and oculonasal symptoms*
nu.mber o posmve n % P value n % P value n % P value
skin test reactions

A 0 Il 50 44 <.0001 28 25 .9088 8 7 9126

1 192 254 18 24 5 7
1 Il 12 11.2 .0029 10 9.3 .0955 3 2.8 .879
11 51 25.6 9 45 5 2.5
2 Il 10 222 .0618 5 11.1 6161 3 6.7 4482
il 48 375 11 8.6 5 3.9
3 I 2 7.7 .0007 2 7.7 .8227 0 .0 .1983
11 43 434 9 9.1 6 6.1
4 Il 2 2.0 .0978 0 .0 .2661 0 .0 4869
11 51 472 12 11.1 5 4.6
5 I 0 .0 3014 0 .0 .6788 0 .0 .7894
11 39 52.0 11 14.7 5 6.7
6 I 0 .0 1572 1 5.0 .5009 0 .0 4672
it 29 5.9 16 28.1 12 21.1
B 0 Il 86 4.0 <.0001 34 1.6 9209 4 2 .0378
11 233 254 15 1.6 6 7
1 I 24 9.1 <.0001 9 34 .8643 2 .8 1237
11 66 27.2 9 3.7 6 2.5
2 Il 21 145 <.0001 10 6.9 214 3 2.1 .6865
11 48 34.5 5 3.6 2 1.4
3 I 15 19.5 .0005 4 5.2 4657 4 5.2 .2813
11 55 433 4 3.1 3 24
4 Il 15 259 .0053 3 52 3317 1 1.7 .2042
11 56 47.9 11 9.4 7 6.0
5 I 3 16.7 .0027 2 11.1 723 1 5.6 .9674
111 52 55.3 8 85 5 53
6 Il 2 28.6 1305 0 .0 2634 0 .0 .3608
11 38 58.5 10 15.4 7 1.8
C 0 Il 139 6.8 <.0001 26 13 .035 10 5 .0018
11 230 27.1 20 24 14 1.6
1 I 49 15.9 .0005 10 32 743 3 1.0 .9463
11 62 28.3 6 2.7 2 9
2 I 34 21.8 .0085 4 2.6 3147 3 1.9 4949
111 45 36.0 6 4.8 4 3.2
3 I 20 19.2 .0009 9 8.7 7375 2 1.9 .0558
11 48 39.7 9 74 9 7.4
4 Il 12 19.0 <.0001 4 6.3 1572 3 4.8 .1067
11 56 57.7 13 134 12 124
5 I 6 26.1 .0432 2 8.7 .9017 0 .0 .5803
11 38 5.0 6 7.9 1 13
6 Il 2 66.7 7385 0 .0 4539 0 .0 .6402
it 25 56.8 7 15.9 3 6.8
D 0 Il 122 9.1 <.0001 19 14 1777 3 2 .0234
11 159 25.8 14 23 6 1.0
1 I 24 133 <.0001 9 5.0 7227 5 2.8 .5606
it 62 45 9 5.9 6 3.9
2 Il 25 325 7825 1 13 .0693 1 13 .612
il 29 34.5 6 7.1 2 24
3 I 10 25.6 .0487 1 2.6 .8488 1 2.6 7383
11 28 452 2 32 1 1.6
4 Il 10 4.0 3714 2 8.0 3546 0 .0 .3556
111 18 3.0 2 33 2 33
5 I 6 4.0 .6836 1 6.7 .825 1 6.7 4746
11 18 46.2 2 5.1 1 2.6
6 I 0 .0 .0566 0 .0 3261 0 .0 .3261
11 14 58.3 6 25.0 6 25.0
E 0 Il 111 9.4 <.0001 29 2.5 .0469 11 9 .0102
il 132 28.5 20 43 12 2.6
1 Il 16 15.0 .0019 5 4.7 .8634 2 1.9 935
it 38 32.8 6 5.2 2 1.7
2 Il 6 13.0 .0584 2 43 .8753 1 22 4492
il 17 283 3 5.0 3 5.0
3 I 9 28.1 .9395 3 9.4 .8729 1 3.1 .6599
11 11 28.9 4 1.5 2 53
4 Il 3 125 .0299 1 42 2172 0 .0 1818
i 11 39.3 4 143 2 71

(continued on next page)
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Population® Cumulative

number of positive

NHANES Prevalence of oculonasal symptoms”

Prevalence of asthma*“

Prevalence of asthma and oculonasal symptoms*

; " n % P value n % P value n % P value
skin test reactions
5 Il 2 4.0 4381 0 .0 3811 0 .0 4835
il 13 59.1 3 13.6 2 9.1
6 Il 2 10.0 1967 0 .0 4292
11 4 5.0 2 25.0

Abbreviation: NHANES, National Health and Nutrition Examination Survey.

AFive age groups were investigated: A, 6 to 10 in NHANES Il and 16 to 19 years old in NHANES III; B, 11 to 19 years old in NHANES II and 20 to 30 years old in NHANES III; C, 20 to
30years old in NHANES Il and 31 to 40 years old in NHANES III; D, 31 to 40 years old in NHANES I and 41 to 50 years old in NHANES III; E, 41 to 50 years old in NHANES Il and 51

to 60 years old in NHANES III.

PThe prevalence of oculonasal symptoms, including frequency (number) and percentage, within each population with different cumulative numbers of skin test reactions
during NHANES II and NHANES III for each of the 6 common allergens. A x? test (P value) was conducted to test prevalence differences across NHANES II and III.

“The prevalence of asthma, including frequency (number) and percentage, within each population with different cumulative numbers of positive skin test reactions during
NHANES II and NHANES Il for each of the 6 common allergens. A x? test (P value) was conducted to test prevalence differences across NHANES I and IIL.

d4The prevalence of concurrence of asthma and oculonasal symptoms, including frequency (number) and percentage, within each population with different cumulative
numbers of positive skin test reactions during NHANES Il and NHANES 1II for each of the 6 common allergens. A x? test (P value) was conducted to test prevalence differences

across NHANES II and IIL.
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eTable 3
Associations between skin test sensitivity and oculonasal symptoms and between skin test sensitivity and asthma for each subpopulation during NHANES Il and NHANES III
Population® Allergen NHANES Associations between skin test Associations between skin test sensitivity
sensitivity and oculonasal symptoms and asthma
Correlation P value Correlation P value
coefficient ()" coefficient (¢)"
A Alternaria alternata Il 0.08 .0048 0.17 <.0001
I 0.12 <.0001 0.22 <.0001
Bermuda grass 11 0.05 .0813 0.00 9422
I 0.16 <.0001 0.17 <.0001
Cat Il 0.11 <.0001 0.12 <.0001
il 0.19 <.0001 0.18 <.0001
Oak Il 0.04 1761 0.02 5117
Il 0.12 <.0001 0.14 <.0001
Ragweed Il 0.09 .0011 0.06 .0186
I 0.14 <.0001 0.17 <.0001
Perennial rye Il 0.09 .0013 0.07 .0108
I 0.17 <.0001 0.15 <.0001
B Alternaria alternata Il 0.11 <.0001 0.09 <.0001
11 0.11 <.0001 0.14 <.0001
Bermuda grass Il 0.12 <.0001 0.07 .0007
il 0.17 <.0001 0.09 <.0001
Cat 1l 0.10 <.0001 0.02 2037
I 0.19 <.0001 0.15 <.0001
Oak Il 0.12 <.0001 0.04 .0233
il 0.18 <.0001 0.12 <.0001
Ragweed Il 0.17 <.0001 0.07 .0001
I 0.19 <.0001 0.11 <.0001
Perennial rye Il 0.15 <.0001 0.06 .0037
I 0.15 <.0001 0.11 <.0001
C Alternaria alternata Il 0.07 .0002 0.10 <.0001
I 0.08 .0022 0.08 .001
Bermuda grass Il 0.11 <.0001 0.03 1797
I 0.15 <.0001 0.10 <.0001
Cat Il 0.06 .001 0.10 <.0001
I 0.17 <.0001 0.14 <.0001
Oak Il 0.09 <.0001 0.07 .0002
I 0.16 <.0001 0.15 <.0001
Ragweed Il 0.13 <.0001 0.08 <.0001
il 0.15 <.0001 0.15 <.0001
Perennial rye Il 0.15 <.0001 0.07 .0001
Il 0.16 <.0001 0.08 .0014
D Alternaria alternata Il 0.08 .0006 0.07 .0026
il 0.10 .0009 0.11 .0006
Bermuda grass 11 0.14 <.0001 0.03 1627
il 0.07 .0269 0.05 .085
Cat Il 0.06 .0185 0.03 .2808
111 0.11 .0005 0.14 <.0001
Oak Il 0.15 <.0001 0.04 1214
I 0.11 .0002 0.07 .0177
Ragweed Il 0.12 <.0001 0.04 .0946
I 0.11 .0002 0.09 .0052
Perennial rye Il 0.18 <.0001 0.05 .0413
il 0.09 .0035 0.06 .0728
E Alternaria alternata Il 0.03 .2403 —0.03 .2959
I 0.01 7634 0.10 .005
Bermuda grass Il 0.03 2401 0.01 .6473
il 0.09 .0139 0.12 .001
Cat Il 0.06 .0362 0.08 .0042
I 0.11 .002 0.05 1557
Oak Il 0.10 .0003 0.04 112
I 0.10 .0058 0.09 .0198
Ragweed Il 0.12 <.0001 0.04 .0986
I 0.07 .0661 0.09 .0114
Perennial rye Il 0.09 .0005 0.04 .1859
I 0.03 3799 0.09 .0178

Abbreviation: NHANES, National Health and Nutrition Examination Survey.

2Five age groups were investigated: A, 6 to 10 years old in NHANES Il and 16 to 19 years old in NHANES III; B, 11 to 19 years old in NHANES I and 20 to 30 years old in NHANES
III; C, 20 to 30 years old in NHANES II and 31 to 40 years old in NHANES III; D, 31 to 40 years old in NHANES II and 41 to 50 years old in NHANES III; E, 41 to 50 years old in
NHANES II and 51 to 60 years old in NHANES III.

bCorrelation coefficients reflect the strength of the association between 2 nominal variables.
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