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Effect of Pregnancy Upon Facial Anthropometrics

and Respirator Fit Testing

Raymond J. Roberge, Jung-Hyun Kim, Andrew Palmiero,

and Jeffrey B. Powell
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Centers for Disease Control and Prevention, Pittsburgh, Pennsylvania

Workers required to wear respirators must undergo ad-
ditional respirator fit testing if a significant change in body
weight occurs. Approximately 10% of working women of re-
productive age will be pregnant and experience a significant
change in weight, yet the effect of pregnancy-associated weight
gain on respirator fit is unknown. Cephalo-facial anthropomet-
ric measurements and quantitative fit testing of N95 filtering
facepiece respirators (N95 FFR) of 15 pregnant women and
15 matched, non-pregnant women were undertaken for com-
parisons between the groups. There were no significant differ-
ences between pregnant and non-pregnant women with respect
to cephalo-facial anthropometric measurements or N95 FFR
quantitative fit tests. Healthy pregnant workers, who adhere to
the recommended weight gain limits of pregnancy, are unlikely
to experience an increase in cephalo-facial dimensions that
would mandate additional N95 FFR fit testing above that which
is normally required on an annual basis.

Keywords cephalo-facial anthropometrics, N95 filtering facepiece
respirators, pregnancy, respirator fit testing
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INTRODUCTION

W omen currently comprise 47% of the U.S. workforce
and, of the ~36 million working women aged 1544
years, some 10% will be pregnant."> Approximately 3.3
million U.S. industrial workers and 4.6 million nursing per-
sonnel utilize respiratory protective equipment (RPE), such
as filtering facepiece respirators (FFR), in the course of their
employment.® Thus, it stands to reason that a sizeable number
of employed women who wear RPE may be pregnant at any
given time. Workers who are employed in occupations that
necessitate respirator use, as mandated by the Occupational
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Safety and Health Administration (OSHA), are required to
undergo annual respirator fit testing to ensure that the res-
pirators they are using are sufficiently protective.) In addi-
tion to routine annual testing, OSHA Respiratory Protection
Standard 1910.134 states that “The employer shall conduct
an additional fit test whenever the employee reports, or the
employer, physician or other licensed healthcare provider, su-
pervisor, or program administrator makes visual observations
of, changes in the employee’s physical condition that could
affect respirator fit. Such conditions include, but are not limited
to, facial scarring, dental changes, cosmetic surgery, or an
“obvious change in body weight” (underlining added by study
authors for emphasis). A prior survey of men and women
RPE users® showed a significant association of increased
facial dimensions (i.e., face length and face width) with an
increase in the Body Mass Index (BMI), an approximation
of body habitus derived from the ratio of body weight in
kilograms to height in square meters. Pregnancy is not con-
sidered an exclusion to wearing RPE and is not mentioned
on the OSHA medical questionnaire™® used to evaluate work-
ers who will be wearing RPE, irrespective of the fact that
significant weight gain occurs during gestation. Institute of
Medicine guidelines for pregnancy weight gain by BMI cat-
egory are outlined in Table L® Thus, it would be of value
to determine if physiologic pregnancy-related weight gain
is associated with significant changes in facial dimensions
that might alter the fit of RPE and thereby necessitate ad-
ditional respirator fit testing. The current investigation, part
of a larger study by the National Institute for Occupational
Safety and Health (NIOSH) with some of its data previously
reported,® examined facial anthropometric measurements of
pregnant and non-pregnant women and their fit test results for
NOS5 filtering facepiece respirators (N95 FFR), the most com-
monly utilized respirator in U.S. industry and healthcare.®
This data could be of value to various stakeholders such as
RPE users, respiratory protection program managers and RPE
researchers.
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TABLE |I. Institute of Medicine Current Guide-
lines for Singleton Pregnancy Weight Gain by BMI
Category‘®

Pre-pregnancy BMI Total Pregnancy Weight Gain

Underweight 12.7-18.1 kg
(<18.5 kg/m?)

Normal weight 11.3-15.4 kg
(18.5-24.9 kg/m?)

Overweight 6.8-11.3 kg
(25.0-29.9 kg/m?)

Obese (>30 kg/m?) 5.0-9.0 kg

MATERIALS AND METHODS

F ifteen healthy, non-smoking women in the second to mid-
third trimester of pregnancy (i.e., 13-35 weeks pregnant)
and 15 healthy, non-smoking, non-pregnant women, all of
whom were experienced in RPE use, were enrolled in the study.
The subjects were selected from a larger pool and, because
there was no pre-pregnancy anthropometric data with which
to match subjects, the pregnant subjects and non-pregnant
subjects were matched by stature (to within 2.54 cm [1 in])
because this parameter has a proportional biological rela-
tionship with cephalo-facial anthropometrics.””"® The study
gestational period (13—-35 weeks) was selected because it is the
time of greatest physiologic weight gain during pregnancy.®
Demographic mean values with standard deviations (95% con-
fidence intervals) of the subjects are outlined in Table II. For
comparison of non-pregnant weights between subjects, the
pre-pregnancy weight of the each pregnant subject was cal-
culated by subtracting one-half the recommended weight gain
of pregnancy (because the pregnant subjects’ mean gestation
period of 21.1 weeks was roughly equivalent to one-half the
normal 40-week gestation period of pregnancy) as defined by
the pregnancy BMI category of underweight, normal weight,
overweight, and obese.® This resulted in an estimated mean
pre-pregnancy weight of 63.0 £ 13.1 kg (55.8-70.3) and an
estimated mean pre-pregnancy BMI of 23.0 &+ 4.7 kg/m?
(20.4-25.7). Subjects underwent a screening physical exam-
ination by a licensed physician on the day of testing. The
study was approved by the NIOSH Human Subjects Review

Board, and all subjects provided oral and written informed
consent.

Subjects initially had weight and height measured and
BMI calculated, followed by anthropometric measurements
of 13 cephalo-facial landmarks typically utilized for respirator
fit testing investigations.® All cephalo-facial anthropometric
measurements were carried out by one trained, experienced
anthropometric technician utilizing anthropometric spreading
calipers and Martin-type sliding calipers (GPM, Basel, CH)
to measure linear distances between facial landmarks, a Bur-
ton digital pupilometer (RH Burton Co., Grove City, OH) to
measure distances between pupils, and a tape measure for
circumference measurements. Subjects were then randomized
to wearing one of two popular styles of N95 FFR (3M 9210 flat
fold model “one size fits most” [3M Company, St. Paul, MN];
Moldex pre-molded, cup-shaped model 2200 medium/large
size or model 2201 small size [Moldex, Culver City, CA]).
The N95 FFR was first donned as per the manufacturer’s
instructions and positive and negative user seal checks were
performed to assess the seal of the respirator to the face.
If any seal check was failed, the subject adjusted the respira-
tor and repeated the seal checks until both user seal checks
were passed, following which the N95 FFR was worn for a
3-min acclimation period. Subjects then underwent respirator
quantitative fit testing with the Portacount Plus Model 8020
fit tester with N95 Companion (TSI, Shoreview, MN) that
measured the particle count inside and outside the N95 FFR
while subjects performed a series of seven 1-min exercises
while standing (normal breathing, deep breathing, turning
the head side to side, moving the head up and down, talk-
ing, bending over, normal breathing) and one 15-s exercise
(grimace). The particle count of the test laboratory was en-
hanced with nebulized sodium chloride solution. The ratio of
the particle count inside the N95 FFR to the particle count
outside the respirator is termed the fit factor. Because fit
factors are typically log-normally distributed,'” they were
log-transformed and the geometric mean fit factor (GMFF)
was used for statistical analysis. A GMFF of >100, indicative
of <1% entry of particles into the respirator wearer’s breathing
zone, is considered a minimum passing score on the OSHA
fit test. ¥ The pass rates for the initial (randomized) N95 FFR
models were 59% (13/22) and 50% (11/22) for the pregnant
and non-pregnant subjects, respectively. Subjects not passing
the initial fit test with the randomized N95 FFR style were
subsequently fit tested with the other style and all subjects

TABLE Il. Demographic Mean Values with Standard Deviations (95% Confidence Intervals) of Subjects

Measured Variable Pregnant Subjects Non-pregnant Subjects
Age 28.74+2.5 yr(27.3-30.1) 26.3 +4.8 yr(23.6-29.0)
Height 166.1 £4.8 cm(163.4-168.8) 166.0 5.3 ¢m(163.0-169.0)
Weight 69.0 £ 11.8 kg(62.5-75.5) 65.8 9.0 kg(60.7-70.8)
Body Mass Index 24.6+4.0 kg/m?(20.1-25.9) 24.243.2 kg/m?*(22.4-26.0)
Gestational Age 21.1 £5.3wk(18.1-24.0) N/A

762 Journal of Occupational and Environmental Hygiene

November 2015



Downloaded by [Stephen B. Thacker CDC Library] at 11:49 13 October 2015

passed fit testing with one or the other styles of N95 FFRs
(3M 9210 [13 pregnant and 7 non-pregnant subjects], Moldex
2200 [3 non-pregnant subjects], Moldex 2201 [2 pregnant
and 5 non-pregnant subjects]) as indicated by a GMFF of
>100.

Statistical Analysis

The 13 cephalo-facial anthropometric variables and the
NO5 FFR fit test results between pregnant and non-pregnant
subjects were analyzed by paired t-tests (2-tailed) with as-
sociated confidence intervals. A statistical significance was
accepted when p<0.05 and all analyses were performed using
a statistical software package (SPSS v.18, IBM, Somers, NY).
In addition, data sets were plotted comparing pregnant and
non-pregnant subjects for face width (Bizygomatic Breadth
[Figure 1a]) and face length (Menton-Sellion Length [Figure
1b]), the two facial anthropometric parameters used to develop
the NIOSH bivariate fit test panel for respirator fit testing.(!D

RESULTS

here were no significant differences in any demographic

variables between pregnant and non-pregnant subjects
and there were no significant differences in the GMFFs or
cephalo-facial anthropometric measurements between preg-
nant and non-pregnant subjects (Table III). Of the two variables
utilized for the NIOSH bivariate respirator fit test panel,!V
BMI in the current study was more closely correlated with
Bizygomatic Breadth than with Menton-Sellion length (Fig-
ure 1). For pregnant subjects, the Pearson correlation coeffi-
cients for BMI vs. Bizygomatic Breadth and Menton-Sellion
length were r = 0.466 (p = 0.08) and r = 0.09 (p = 0.73),
respectively. For non-pregnant subjects, these respective cor-
relation coefficients were r = 0.641 (p = 0.01) and r = 0.01
(p = 0.98), and for pregnant vs. non-pregnant subjects were r
=0.53 (p=0.01) and r = 0.03 (p = 0.85).

DISCUSSION

iven the increasing prevalence of obesity (defined as

weight >20% of ideal weight'?) in the U.S. populace,
concerns have been voiced over the impact of obesity-related
increases in facial dimensions upon the fit of respirators.”
This is logical, given that an increase in buccal region (cheek)
dimensions frequently occurs in concert with significant ex-
cess weight gain'*!'¥ due to concurrent expansion of facial
adipocytes (fat cells). Face width and length are the major
determinants of a person’s position in a specific cell of the
NIOSH respirator fit test panel. These measurements aid in
estimating the size of a respirator that will best fit that in-
dividual and have been shown to be increased in obesity.”
Under the influence of the gestational hormone progesterone,
body fat begins to accumulate in femoral and abdominal re-
gions" during the first two trimesters of pregnancy. This fat
is mobilized during the third trimester for energy needs and
upcoming lactation requirements, such that pregnancy is the
only normal physiological process for an adult that increases
body weight by >20%.(1® Although significant increases in
body weight are the norm during pregnancy, this should not be
attributed solely to fat deposition and thereby imply a possible
increase in facial dimensions. Prior studies have shown only
modest increases in pregnancy-associated body fat of pre-
gestational, normal weight women (i.e., 2% at 7 weeks of
gestation,!” 3.8 kg at 14 weeks gestation,!® 4.9 kg at 36
weeks of gestation!”). The majority of physiologic pregnancy
weight gain is attributable to the combined weights of the fetus,
placenta, amniotic fluid, increased maternal blood and plasma
volume, enlarged uterus, and increased breast mass, " none of
which is likely to be associated with increased facial adipocyte
size.

Our data indicate that pregnant women with a mean pre-
pregnancy normal BMI, and non-pregnant women matched by
stature and of similar mean age, weight, and BMI,
were not significantly different with respect to cephalo-facial
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FIGURE 1. Relationship of Bizygomatic Breadth (a) and Menton-Sellion Length (b) to Body Mass Index (BMI) of pregnant and non-pregnant
subjects
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TABLE Ill. Mean Values for Facial Anthropometric Measurements and Geometric Fit Factors of Matched

Pregnant and Non-pregnant Subjects

Subjects
Anthropometric Variable (mm) Pregnant (n = 15) Non-pregnant (n = 15) p-value
Bigonial Breadth 101.8 +7.0 [97.9—105.6] 104.1 +£4.4 [101.6-106.5] 0.19
Bizygomatic Breadth 132.3+£5.9 [129.0-135.5] 132.2+5.0[129.4-134.9] 0.92
Interpupillary Breadth 61.34+3.0[59.6-62.9] 60.4 4.2 [58.0-62.7] 0.49
Lip Length 49.3+£3.7[47.2-51.2] 47.6 £2.6 [46.1-49.0] 0.14
Menton-Sellion Length 114.34+4.6[111.7-116.8] 112.3+£5.2[109.4-115.2] 0.25
Menton-Subnasale Length 63.44+4.2[61.0-65.7] 62.9 4.4 [60.4-65.3] 0.75
Nasal Root Breadth 17.34+1.5[16.4-18.1] 17.4+2.4[16.0-18.7] 0.91
Nose Breadth 32.2+£2.9 [30.5-33.8] 32.3+4.8[29.6-34.9] 0.96
Nose Protrusion 21.8+£1.7 [20.8-22.7] 20.54+2.4[19.2-21.8] 0.10
Sellion-Subnasale Length 51.242.5[49.8-52.5] 48.7 +3.7 [46.6-50.7] 0.06
Minimal Frontal Breadth 109.3 +5.5[106.3-112.3] 109.0+5.5[105.9-112.0] 0.83
Head Breadth 147.0+£ 3.3 [145.1-148.8] 147.7+ 3.1 [145.9-149.3] 0.45
Head Circumference 559.7+16.2 [550.7-568.7] 566.9 +22.6 [554.4-579.4] 0.18
Geometric Mean Fit Factor 152.9+44.6 [128.1-177.5] 175.5+£62.2 [141.0-209.9] 0.33

Values are mean £ SD [95% confidence interval, Lower — Upper bound].

anthropometric measurements and quantitative respirator fit
test results (Table III). The mean difference between the esti-
mated pre-pregnancy weight and the actual pregnancy weight
of study subjects was only 6.0 kg and within the guidelines for
recommended weight gain during pregnancy.® This makes it
unlikely to have had a significant impact on facial features.
The impact on facial dimensions of excess weight gain ver-
sus the normal physiologic weight gain of pregnancy can be
appreciated by comparing the pregnant and non-pregnant sub-
jects” mean Bizygomatic Breadth (132.3 mm and 132.2 mm,
respectively; p = 0.92) and Menton-Sellion Length (114.3 mm
and 112.3 mm, respectively; p = 0.25) with women subjects
in the NPPTL/NIOSH respirator fit panel survey of 3,997 per-
sons (Bizygomatic Breadth 135.1 mm, Menton-Sellion Length
113.4 mm), the majority (71.9%) of whom were overweight
or obese.? It is plausible that an increase in facial width
(i.e., Bizygomatic Breadth) is a more sensitive indicator of an
increase in facial size related to weight gain than facial length
(i.e., Menton-Sellion Length), but this supposition would re-
quire additional study to fully verify (FIGURE I). A previous
anthropometric study of RPE users® also found that increased
BMI significantly affected Bizygomatic Breadth more than
Menton-Sellion Length.

This lack of significant difference in facial anthropometrics
of the current study’s pregnant and non-pregnant subjects,
coupled with the lack of significant fat deposition of women
with normal physiological weight gain during pregnancy,!7-19)
infers that the normal physiological weight gain of pregnancy
should not generally result in significant deposition of facial
fat and resultant increase in facial dimensions. This further
suggests that any concerns regarding the need for additional
fit testing, related to the physiologic weight gain of women in
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the second and third trimesters of pregnancy who adhere to the
recommended weight gain of pregnancy,® may be unfounded.
This has additional ramifications, above and beyond time and
costs associated with fit testing, given that some concern has
been raised over the issue of the impact on pregnant women
of elevated levels of carbon dioxide in the hoods utilized for
respirator qualitative fit testing.®® It may be that significant
increases in Bizygomatic Breadth measurements of pregnant
and non-pregnant women who wear RPE could be a useful
marker for the consideration of additional fit testing, but this
hypothesis would require a study with large numbers of appro-
priate subjects. Women who exceed the recommended weight
gain of pregnancy and those who suffer from pregnancy-
associated disorders that result in facial edema (e.g., pre-
eclampsia), may experience increases in facial dimensions that
could impact respirator fit. Additionally, some women in the
8" and 9™ months of pregnancy develop non-pitting edema
of the face that is related to increased vascularization and
permeability of skin capillaries and salt and water retention.
This facial edema may be associated with the recumbent
posture of sleep as it is most apparent in the morning and
decreases during the day (note, dependent edema is physio-
logic in pregnancy, but facial edema may be a sign of renal
or cardiac disease.?'??) The non-recumbent nature of most
work involving RPE would diminish such recumbent-related
facial edema and likely minimize any impact on fit factors,
though this hypothesis would require validation. The data
from the current study are of additional significance due to the
apparently limited information available regarding facial an-
thropometrics associated with pregnancy. Despite an extensive
literature search utilizing multiple search engines, the authors
were able to identify only one study reporting such data.
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Slade®® reported a significantly greater mean facial width
for pregnant women at four months of gestation compared
with similarly aged, non-pregnant controls (124.8 mm =+ 7.2,
109.0 mm =+ 1.45, respectively). However, the sample sizes
of the pregnant subjects and controls were different (40 vs.
20) and the (unadjusted) weights of the pregnant subjects
and the controls were very similar (59.8 kg vs 60.25 kg,
respectively) suggesting possible differences in stature that
might be reflective of differences in facial features. Further,
no information was provided on the health status of the preg-
nant subjects that would have elucidated if any subjects had
pregnancy-related disorders that might result in changes in
facial dimensions (e.g., pre-eclampsia). Notably, the facial
widths (Bizygomatic Breadth) of the pregnant subjects and
controls were considerably less than those of the current study
(Table I1I), no doubt reflecting the increase in body dimensions
of the general populace over the past 354 years since the
study®® was published.

Limitations of the current study include the relatively small
size of the investigated groups (n = 15 each), but is tem-
pered by the fact that all subjects were experienced with
RPE, and that recruitment and testing of pregnant women
entails more complex issues than with non-pregnant women
given the (appropriate) concerns for simultaneous maternal
and fetal well-being. Also, we did not have pre-pregnancy
anthropometric measurements and fit testing results that would
have had the pregnant subjects serve as their own controls, so
that we had to rely on a non-pregnant control group. However,
pregnant and non-pregnant subjects in the current study were
well matched for stature, an anthropometric parameter that
is related to cephalo-facial measurements”-® and had similar
mean age, body weight, and BMI. Ideally, a larger study should
be carried out that includes anthropometric measurements
and respirator fit tests in the pre-pregnancy period and in
the latter stages of pregnancy of normal weight and obese
women, given that it has been shown in a recent study that
73% of pregnant women exceeded the Institute of Medicine-
recommended weight gain of approximately 11-16 kg (25-35
1b) for women of pre-pregnancy normal BMIL.?# Facial anthro-
pometric measurements are subject to issues of repeatability
and reproducibility, with accuracy typically 1-3 mm®> and
acceptability generally considered to be up to 1.5 mm.?® In
order to fully demonstrate a significant difference in measured
parameters that are subject to significant variability, a signif-
icantly larger sample size would be needed. Of further note
in the current study, one of the FFRs was a “one size fits
most” and the other respirator was offered in either a small
size or a medium/large size. Respirators that are sized small
typically fit a very small proportion of the population (narrow
faces and chins) whereas the medium/large size will fit a much
larger array of facial features. The small-sized respirators may
be so tailored to a narrow range of facial features that their
ability to accommodate changes due to pregnancy would be
different than with a medium/large respirator, which is already
more forgiving of different facial dimensions. The issue of
lack of accommodation of small facial features with a single-

Journal of Occupational and Environmental Hygiene

size design N95 FFR was highlighted in California during the
recent pandemic influenza and would need to be addressed in
future studies.®”

CONCLUSIONS

P regnant women with pre-gestational period normal BMI
and adherence to recommended pregnancy weight gain
guidelines,(ﬁ) who wear N95 FFRs in the work environment,
may not need to undergo additional respirator fit testing during
pregnancy over concerns about potential pregnancy-related
physiologic weight gain. Pregnancy-associated physiologic
weight gain alone should not alter the ability of a healthy
pregnant woman to pass a respirator fit test with the same
NO95 FFR used in the immediate pre-pregnant state. Given the
potentially large numbers of pregnant women who wear RPE
in the occupational setting and for other reasons (e.g., during
respiratory infectious disease outbreaks such as pandemic
influenza, for airborne particle protection during activities such
as woodworking, as protection from environmental allergens,
etc.), this is an important issue. A larger study involving
facial anthropometric measurements and respirator fit testing
in the pre-pregnancy state and during the last two trimesters of
pregnancy, that includes both overweight and normal weight
pregnant women, is well warranted and needed to validate the
findings of the current study.
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