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Tobacco-Smoke Exposure in Children Who Live in

Multiunit Housing

WHAT’S KNOWN ON THIS SUBJECT: Exposure to secondhand
tobacco smoke is an important cause of morbidity and mortality

among children, even at low levels of exposure. In a recent

national sample, 54% of children who did not live with a smoker

showed measureable amounts of cotinine.

WHAT THIS STUDY ADDS: Children who live in homes in which no
one smokes inside have a 45% increase in cotinine levels if they

live in apartments compared with detached homes. Multiunit

housing may be a significant source of secondhand tobacco-

smoke exposure for children, at levels associated with morbidity.

abstract
OBJECTIVE: There is no safe level of secondhand tobacco-smoke expo-
sure, and no previous studies have explored multiunit housing as a

potential contributor to secondhand tobacco-smoke exposure in chil-

dren. We hypothesized that children who live in apartments have

higher cotinine levels than those who live in detached homes, when

controlling for demographics.

METHODS: We analyzed data from the 2001–2006 National Health and Nu-
trition Examination Survey. The housing types we included in our study

were detached houses (including mobile homes), attached houses, and

apartments. Our study subjects were children between the ages of 6 and

18 years. Cotinine levels were used to assess secondhand tobacco-smoke

exposure, and those living with someone who smoked inside the home

were excluded.�2 tests, t tests, and Tobit regressionmodels were used in
Stata. Sample weights accounted for the complex survey design.

RESULTS: Of 5002 children in our study, 73% were exposed to second-
hand tobacco smoke. Children living in apartments had an increase in

cotinine of 45% over those living in detached houses. This increase was

212% (P � .01) for white residents and 46% (P � .03) for black resi-
dents, but there was no significant increase for those of other races/

ethnicities. At every cutoff level of cotinine, children in apartments had

higher rates of exposure. The exposure effect of housing type wasmost

pronounced at lower levels of cotinine.

CONCLUSIONS: Most children without known secondhand tobacco-
smoke exposure inside the home still showed evidence of tobacco-smoke

exposure. Children in apartments had higher mean cotinine levels than

children in detached houses. Potential causes for this result could be

seepage through walls or shared ventilation systems. Smoking bans in

multiunit housing may reduce children’s exposure to tobacco smoke.
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Tobacco-smoke exposure causes ill-

ness in children, including asthma1,2

and respiratory infections,3 and has

been associated with sudden infant

death syndrome,4 metabolic syn-

drome,5 and otitis media.6 There is no

safe level of exposure to tobacco

smoke.6 Very low levels of tobacco-

smoke exposure have been associated

with attenuated endothelial function in

children,7 as well as decreased scores

on reading, math, and block-design

tests of cognitive function.8 Morbidity

has been documented in thosewith the

lowest levels of cotinine (0.015–0.5 ng/

mL), and these children have greater

rates of conduct disorder.9 Even brief

exposure to ambient tobacco smoke

can decrease lung function and cause

persistent elevations in inflammatory

cytokines.10

Parental smoking is the most common

source of secondhand tobacco-smoke

exposure for children. In 1 study,6 25%

of children aged 3 to 11 years report-

edly lived with at least 1 smoker. How-

ever, 60% of the children in the study

had detectable levels of cotinine,6 a

metabolite specific to tobacco smoke.

Other known exposures do not explain

all of the 54% of children with elevated

cotinine levels who had no identified

smoker in the home.11,12 These chil-

dren, therefore, must have been ex-

posed to other sources of tobacco

smoke that are not being captured by

parent report.

Tobacco smoke can migrate through

walls, ductwork, windows, and ventila-

tion systems of multiunit dwellings

and potentially affect residents in

other units far removed from the

smoking area.11,13 In addition to the dis-

semination of this secondhand smoke

into other apartments, tobacco toxins

may persist on and be absorbed from

surfaces in the indoor environment

well beyond the period of active smok-

ing.14–16 This “thirdhand smoke”17 may

re-emit deposited volatile compounds

and particulate matter on indoor sur-

faces, and particulate matter in dust

may be resuspended into the air as re-

spirable suspended particulate mat-

ter.14,18,19 In addition to inhalation,

there are other potential exposure

routes, such as ingestion, that are par-

ticularly likely in children.15

Recent public health efforts to reduce

tobacco smoke exposure have concen-

trated on banning smoking in public

places outside of the home, including

workplaces, restaurants, and bars,

leading to improved air quality in those

locations.20 However, in New York City,

where the prevalence of cigarette

smoking is lower than the national av-

erage and there are strict smoking

bans in bars and restaurants, a recent

study21 found that the prevalence of el-

evated cotinine levels among non-

smoking adults was higher than the

national average. The authors specu-

lated that contamination of multiunit

buildings with tobacco smoke from

other units may contribute to these

surprisingly high cotinine levels, al-

though no direct measurement of nic-

otine in the air was performed. Some

municipalities have proposed legisla-

tion to reduce or ban smoking in apart-

ment buildings,22,23 and some public-

housing authorities have implemented

smoke-free policies.24 In 2009, the De-

partment of Housing and Urban Devel-

opment encouraged public-housing

authorities to ban smoking in low-

income multiunit housing.25 There also

have been reports of privately owned

housing units that have banned smok-

ing because of the potential health

risks, increased costs associated with

removing tobacco residue from apart-

ments after smoking tenants leave,

and the need to relocate tenants dis-

turbed by neighbors who smoke.26 A

recent study27 of low-income apart-

ments in Boston found that 94% had

detectable air nicotine levels, includ-

ing 89% of apartments inhabited by

nonsmokers.

There still is a lack of scientific evi-

dence about whether smoking in mul-

tiunit housing accounts for the pres-

ence of tobacco-smoke biomarkers in

children who live in a home with no

adult smokers. In the current study, we

used data from the 2001–2006 Na-

tional Health and Nutrition Examina-

tion Survey (NHANES) to examine the

association between types of housing

and cotinine levels in children. We hy-

pothesized that children who live in

apartments have a higher cotinine

level than children who live in de-

tached homes and that this relation-

ship persists when controlling for pov-

erty and race/ethnicity.

METHODS

The NHANES

The NHANES used a multistage sam-

pling design that included a question-

naire (parent and teen reports), phys-

ical examination, and blood and urine

samples. Survey components were ad-

ministered to a proxy respondent for

children up through 15 years of age,

whereas children aged 16 to 18 years

completed the survey responses them-

selves unless they were cognitively un-

able. Demographic variables included

age, gender, and self-report of race

and ethnicity. In addition, the federal

poverty-level ratio was calculated. A

federal poverty-level ratio below 1

means the family lives below the pov-

erty level, whereas a ratio above 1

means they live above the poverty

level.

Housing Type

Interviewers assessed housing type

and asked respondents to verify their

impressions. The response categories

included detached house (“a one-

family house detached from any other

house”), apartment, attached house

(“a one-family house attached to one
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or more houses”), mobile home, dor-

mitory, or other. For these analyses,

mobile homes were combined with de-

tached houses. The other 2 categories

analyzed were attached houses and

apartments. Subjects reported to be

living in dormitory or other settings

were excluded.

Tobacco-Smoke Exposure: Survey

The NHANES assessed household

smoking with the question, “Does any-

one who lives here smoke cigarettes,

cigars, or pipes anywhere inside this

home?” For those households in which

no one was reported to smoke inside

the home, no other information was

available about smoking status, home

or car smoking bans, other sources of

exposure, or outside smoking behav-

iors. Preliminary analyses on the full

sample showed that childrenwho lived

in a house where anyone smoked in-

side had exposure levels that over-

whelmed any relationship between co-

tinine level and housing type; we

therefore limited the sample in this

study to children who lived in a house-

hold in which no member was re-

ported to smoke inside the home. Like-

wise, we excluded any child who

admitted to smoking.

Tobacco-Smoke Exposure:
Biochemical Verification

Serum cotinine was measured us-

ing isotope dilution-high-performance

liquid chromatography/atmospheric-

pressure chemical ionization tandem

mass spectrometry; the detectable

limit in the NHANES is 0.015 ng/mL, and

the coefficient of variability is 2.5%.28

Tobacco-smoke exposure was defined

as a cotinine level of �0.015 ng/mL,

although comparisons also were

made at cotinine cutoff levels of 0.05,

1.0, and 2.0. A sensitivity analysis was

done to determine whether the results

were affected by the testing variability.

In addition, because plants from the

nightshade family contain low levels of

natural nicotine,29 we tested the model

controlling for intake of tomatoes, egg-

plant, and potatoes for 96.3% of the

sample for whom these data were

available. For this subsample, there

were no significant differences in coti-

nine levels when vegetable intake was

included; therefore, we continued our

analysis with the full sample.

Analysis

�2 and t tests were conducted to ana-
lyze bivariate data. Analyses that in-

cluded cotinine level as a continuous

dependent variable used Tobit regres-

sion models to account for the censor-

ing of the data at the lower cutoff

of 0.015 ng/mL.30 Race/ethnicity by

housing-type interactions were tested

using Tobit regression for cotinine lev-

els as the outcome and logistic regres-

sion when using tobacco exposure as

the outcome. Cotinine levels were ana-

lyzed using log transformations and

geometric means to normalize the

skewed distribution. The assumption

of linearity among all continuous co-

variates was checked. Stata was used

to control for the complex sample

weighting and design.31 This secondary

analysis of NHANES data was approved

as exempt by the University of Roches-

ter Research Subjects Review Board.

RESULTS

There were 5002 children surveyed in

the NHANES who were living in a home

in which no one smoked inside (81%).

Compared with the children who were

living in a home in which someone

smoked, those who were living in a

home in which no one smoked were

more likely to live in a detached house

(81.4% vs 73.4%) and less likely to live

in an apartment (11.6% vs 16.7%; P �
.02). They also were more likely to be

over 12 years of age (46.9% vs 38.8%;

P � .01), male (52.2% vs 46.7%; P �
.01), and Hispanic (20.5% vs 8.8%)

rather than black (14.0% vs 22.1%) or

white (59.1% vs 63.7%; P� .001 for all

comparisons). In addition, children

who were living in a home in which no

one smoked inside were more likely to

be more than 400% of the federal

poverty-level ratio (28.5% vs 11.3%)

and less likely to be 100% or lower

(17.8% vs 34.1%; P� .001).

The remaining results pertain to those

children who were living in a home in

which no one smoked inside. The de-

mographic characteristics of this sam-

ple are presented in Table 1. The over-

all geometric mean cotinine level

among these childrenwas 0.036 ng/mL

(95% confidence interval: 0.030–

0.043); cotinine levels were higher

among children under 12 years of age,

black children, and those living below

the federal poverty levels. Mean cotin-

ine levels among those whowere living

in apartments (0.075 ng/mL) were

higher than in those who were living in

detached houses (0.053 ng/mL; P �
.01) and detached houses (0.031 ng/

mL; P� .001). Overall, using the detect-
able limit of 0.015 ng/mL as the

tobacco-exposure cutoff, 84.5% of chil-

dren who were living in apartments

had a cotinine level that indicated re-

cent tobacco-smoke exposure, com-

pared with 79.6% of children who were

living in attached houses and 70.3%

who were living in detached houses

(P� .001) (Fig 1). Sensitivity analysis,
using the higher cutoff of 0.05 ng/mL,

showed exposure rates of 56.4% for

children who were living in apart-

ments, 47.0% for children who were

living in attached homes, and 36.1% for

children who were living in detached

homes (P� .0001). Figure 2 shows the
proportion of children by housing type

who were unexposed at different coti-

nine levels, demonstrating the persis-

tent and consistent decrease in the

percentage exposed for those who live

in detached homes.

The percentage of children who were

exposed to tobacco smoke in different

housing types varied significantly by
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race/ethnicity (Table 2). The highest

level of exposure was found in white

children who were living in apart-

ments (99%), followed by black chil-

dren who were living in apartments

(96%); Hispanic and other race/ethnic

groups had much lower levels of expo-

sure (73% and 64%, respectively; P �
.001). Black children who were living in

attached houses had exposure rates

similar to those who were living in

apartments (92%), whereas the rates

were much lower for white (76%), His-

panic (70%), and other (80%) children

(P� .05). Black children who were liv-
ing in detached houses also had higher

rates of exposure (89%) than white

(68%), Hispanic (66%), and other

(74%) children (P � .001). When we
performed a stratified analysis of chil-

dren in the wealthiest category (those

more than or equal to 4 times the fed-

eral poverty level), we found that the

relationship between exposure and

multiunit housing persisted (data not

shown).

In the unadjusted Tobit regression

model, with the natural log of cotinine as

the dependent variable, the percentage

increase in cotinine levels for children

who were living in apartments com-

pared with children who were living in

detached homes was 140% (95% confi-

dence interval: 87–301); for children liv-

ing in attached homes compared with

those living in detached homes, the per-

centage increase was 69% (95% confi-

dence interval: 21–135). In the Tobit

model adjusted for age, gender, and fed-

eral poverty-level ratio, including race/

ethnicity and housing-type interactions

(Table 3), white children who were liv-

ing in apartments had a 212% increase

in cotinine levels over those who were

living in detached houses (P � .003);
black children who were living in

apartments had a 46% increase (P �
.05) in cotinine levels. Differences for

other race/ethnic categories were not

significant.

DISCUSSION

The majority of US children who live in

homes where no one smokes inside

have biochemical evidence of tobacco-

smoke exposure, and cotinine levels

are significantly higher in children

who live in apartments, comparedwith

those who live in detached houses. Al-

though it is likely that some of this ex-

cess exposure is from family members

who smoke only outside of the home

but carry in tobacco residue on their

clothes, this is unlikely to explain all

of the discrepancy. In addition, our

data are consistent with the findings

from Kraev et al,27 which showed that

89% of low-income apartments with

no smokers had detectable air nico-

tine concentrations.

The finding that children are at risk for

tobacco-smoke exposure in apart-

TABLE 1 Demographic Characteristics of the Sample

Variable Weighted %

(n� 5002)
Geometric Mean of Cotinine

(95% Confidence Interval)

P

Housing type �.001
Detached house 81 0.031 (0.026–0.038)

Attached house 7 0.053 (0.035–0.079)

Apartment 12 0.075 (0.062–0.091)

Gender .037

Male 52 0.039 (0.031–0.048)

Female 48 0.033 (0.028–0.040)

Age .014

�12 y 53 0.040 (0.033–0.048)

�12 y 45 0.032 (0.026–0.039)

Race/ethnicity �.001
Black 14 0.105 (0.090–0.122)

Hispanic 21 0.026 (0.022–0.031)

White 59 0.031 (0.025–0.040)

Other 6 0.033 (0.020–0.0501)

Federal poverty-level ratio �.001
�100 18 0.085 (0.068–0.105)

101–200 21 0.054 (0.041–0.072)

�200–300 18 0.031 (0.023–0.043)

�300–400 15 0.028 (0.021–0.036)

�400 28 0.020 (0.016–0.025)

FIGURE 1
Percentage of children who are unexposed by housing type and cotinine cutoff. The y-axis shows the

proportion of children who are unexposed at 3 different cotinine cutoff levels. These levels, displayed

on the x-axis, are�0.015,�0.05,�1, and�2 ng/mL cotinine. The types of bars for each of the different
housing types: detached house, attached house, and apartment.
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ments may accelerate the current

trend of limiting smoking in multiunit

housing. One of the public health ben-

efits seen from the restriction of smok-

ing in the workplace has been a reduc-

tion in smoking rates and number of

cigarettes smoked. Restrictions in

multiunit housing may have a similar

effect on residents; however, imple-

menting these restrictions without

providing smoking-cessation assis-

tance for residents alsomight create a

significant burden for low-income

smokers. Adult residents of Depart-

ment of Housing and Urban Develop-

ment–funded housing who are unin-

sured will need access to free

cessation programs, such as those of-

fered by the national network of

quitlines.32

Banning smoking in multiunit dwell-

ings by property owners or by regula-

tion would be the obvious way to miti-

gate contamination and children’s

exposure to tobacco toxins. Concern

has been raised that dictating what

can be done in a private dwelling is an

infringement on personal privacy and

liberty; however, this argument holds

only if smoking in an adjacent apart-

ment has no impact on one’s neigh-

bors. Legal doctrine supports restric-

tions on private behavior if there are

consequences for others, such as

noise levels, noxious odors, or release

of toxic chemicals.33,34 Tobacco smoke

can be categorized both as a noxious

odor and a toxic chemical. In addition,

there is a strong probability that expo-

sure may result in physical harm, par-

ticularly for children with underlying

illnesses such as asthma. A recent

analysis34 addressing smoke-free pub-

lic housing argued that phasing in

such a policy as new leases were

signed and existing ones renewed

would be justified on legal and social

justice grounds. The association be-

tween living in an apartment and child

cotinine levels provides additional

FIGURE 2
Percentage of children unexposed by housing type and cotinine level. The y-axis shows the proportion

of children who are unexposed at different cotinine levels, which are displayed on the x-axis. The 3

lines represent each of the different housing types: detached house, attached house, and apartment

(dashed line).

TABLE 2 Percentage of Children Exposed to Tobacco Smoke According to Race/Ethnicity and
Housing Type

Variable Race/Ethnicity

(n)

Percentage Exposed

(95% Confidence Interval)

P

Detached house Black (885) 89 (85–92) �.001
Hispanic (1356) 66 (60–71)

Other (149) 74 (60–86)

White (1170) 68 (61–74)

Attached house Black (226)a 92 (83–96) �.05
Hispanic (133) 70 (52–83)

Other (22)a,b 80 (54–94)

White (64) 76 (61–86)

Apartment Black (385)a 96 (92–98) �.001
Hispanic (473) 73 (64–81)

Other (34)a 64 (40–82)

White (49)a,b 99 (91–99)

a Relative SE is�30%.
b Inadequate sample size.

TABLE 3 Tobit Regression Model Predicting the Percentage Change in the Geometric Mean of
Cotinine

Variable Housing Type Percentage Change

(95% Confidence Interval)

P

Federal poverty-level ratio �28.3 (�34.6 to�21.5) �.001
White Detached house 0.0

Attached house �5.5 (�45.4 to 63.6) .838

Apartment 212.2 (50.3–548.7) .003

Black Detached house 0.0

Attached house 40.0 (�0.03 to 96.8) .052

Apartment 45.6 (5.4–101.1) .024

Hispanic Detached house 0.0

Attached house 4.7 (�38.1 to 76.9) .863

Apartment 7.8 (�23.0 to 50.9) .656

Other Detached house 0.0

Attached house 12.7 (�75.9 to 427.1) .877

Apartment �18.5 (�71.1 to 130.2) .694

Other variables included gender and age; includes the housing-by-race interaction.
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support to this exposure-reduction

strategy. Smoke-free policies should

recognize that tobacco smoke drifts

and can be measured in high quanti-

ties more than 20 feet from an outdoor

source.36 Because restriction inside

apartments may encourage increased

smoking in common areas where ex-

posure to nonsmokers still may occur,

these policies should include smoking

restrictions for balconies, common

porch areas, and entrances.

Our overall prevalence of children ex-

posed to tobacco smoke is signifi-

cantly higher than that reported in the

2006 Surgeon General’s report.6 This

difference is most likely because the

NHANES now uses high-sensitivity coti-

nine testing that allows the detection

of low levels of smoke exposure. Iden-

tifying those at risk for these low levels

of exposure is important because

there is increasing evidence that even

small or brief exposure to tobacco

smoke can cause physiologically sig-

nificant cardiovascular effects.37 Low-

level exposure to tobacco smoke also

has been associated with lower scores

on cognitive testing.8

Although there was a significant asso-

ciation between living in an apartment

and cotinine levels for white and black

children, this was not the case for

those of Hispanic ethnicity or other

races. Overall, Hispanic and Asian

adults havemuch lower smoking rates

(13.3% and 9.6%, respectively) than

black (19.8%) or white (21.4%) adults.

This difference particularly is striking

for women (8.3% of Hispanic and 4.0%

of Asian women smoke compared with

15.8% of black women and 19.8% of

white women).37 Because Hispanic and

Asian immigrants are more likely to be

found in high-density ethnic enclaves

where multiunit housing is common,38

it is possible that the lower smoking

prevalence among some ethnic groups

reduces the overall tobacco-smoke

burden in some multiunit housing.

There are other potential sources of

exposure that need to be considered.

Potential sources may include daycare

centers or child-care arrangements39

as well as smoke residue from a par-

ent or caregiver who smokes outside.

Other studies have found significantly

increased house dust and air nicotine

levels in households with a mother

who smokes outside, with correspond-

ing increases in children’s urine cotin-

ine level.15 There also is an increase in

air and surface nicotine found in used

cars previously owned by smokers.40

This is an important issue for families

who may believe that they are protect-

ing their children by smoking outside.

However, because smoking prevalence

is much lower than exposure preva-

lence,37 this does not explain all of the

excess exposure.

There are limitations to these data.

First, we only were able to examine the

association between apartment living

and tobacco-smoke exposure; there

are other unmeasured potential con-

founders. Population density and cur-

rent smoke-free housing legislation

are 2 factors that likely play a role;

these will need to be examined in fu-

ture research. In addition, the NHANES

data set has no information about

home smoking bans or outside smok-

ing behavior, so we cannot know how

many of these children have parents

who smoke outside or if they are ex-

posed at daycare centers or relatives’

homes. We hope that future research

will be able to separate out the individ-

ual contributions of apartment smoke

drift, outside-smoker “off-gassing”

and thirdhand smoke, occasional in-

side smoking by visitors, or exposures

outside of the home.

Finally, people who smoke may inaccu-

rately report whether they smoke

anywhere inside the home. If under-

reporting rates varied between those

in apartments versus single-family

homes, our results may be biased. As-

suming no differential in inaccurate

reporting, children in apartments also

might be expected to have higher coti-

nine levels because of the smaller

square footage in apartments versus

single-family homes. In general, how-

ever, people who smoke have demon-

strated low rates of underreporting

smoking behaviors in noninterven-

tion trials.41 Finally, a growing

number of buildings are smoke-free

already,37 leading to an underestima-

tion of the exposure rate in multiunit

dwellings where smoking still is

allowed.

CONCLUSIONS

Most children in the US continue to be

exposed to tobacco smoke, even with

the growing knowledge of its damag-

ing effects at low levels of exposure. It

is vital to understand the contribution

of all potential sources of exposure

for children: parents smoking out-

side, daycare, visiting homes where

smoking is allowed, and from con-

nected dwellings. However, signifi-

cant tobacco-smoke contamination in

the air of nonsmoking units of multi-

unit housing already has been shown.

This study is the first to document

through human biological sampling

that disseminated tobacco smoke

from multiunit apartments may con-

tribute to the actual exposure of chil-

dren. In addition, there are likely to be

many adult nonsmokers who also are

exposed to tobacco smoke by this

mechanism. Biochemical data demon-

strating the increased risk of involun-

tary tobacco-smoke exposure posed

by living in apartments may change

public opinion and policies about

smoke-free multiunit housing for

those who live in low-income hous-

ing, and for those who live in apart-

ments owned by private companies.

These results provide direct evi-

dence for a background level of

tobacco-smoke contamination in

multiunit housing at levels associ-
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ated with childhood morbidity. Ulti-

mately, smoke-free multiunit hous-

ing could improve health status by

reducing nonsmokers’ exposure to

tobacco smoke in their own units.
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INKED-UP:Whenmy daughter, who is 15 years old, announced that she intended
to get a tattoo, I, like many parents, was emphatic in replying, “Not until you are

18.” As reported in The Wall Street Journal (September 29, 2010:Work and Fam-

ily), teens and parents often don’t see eye to eye about tattoos. Teens may view

tattoos as an accessory while parents view tattoos as a permanent mark likely

to be regretted. Tattooing certainly has become commonplace. One of the best

selling Barbie Dolls, Tattoo Barbie, comes complete with multiple stickers to

attach to her body suggesting interest in tattoos begins early. Almost 40% of

youth between the ages of 18 and 29 are tattooed compared to 1/3 of adults born

in the 1960s and 1970s, and 15% of baby boomers. In most states, teens need to

be 18 years old to be able to obtain a tattoo without parental consent. That, of

course, is not an insurmountable barrier. As many as one in six teens gets a

tattoo from a friend or an unlicensed parlor. Regulation of tattoo parlors is

often minimal. Only nine states require tattoo parlors to comply with infectious

disease guidelines such as using sterilized needles and individual pigment

cups. Interestingly, while teens like the idea of a permanent mark, the most

common reason for regretting getting a tattoo is that the person made the

decision at too young an age followed by the permanence of the tattoo. Remov-

ing a tattoo is considerably more difficult and expensive than getting one, and

rarely completely effective. A tattoo is like a photo on Facebook; easy to post,

hard to permanently remove. I am hoping she waits.

Noted by JFL, MD and WVR, MD
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