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Abstract
Background—High average daily consumption of alcohol has been associated with elevated
mortality risk, but more moderate consumption, relative to abstinence, has been associated with
reduced mortality risk. However, average daily consumption can be complicated to assess,
limiting its usefulness both in research and clinical practice. There are also concerns that average
consumption fails to capture the risk associated with certain drinking patterns, such as heavy
episodic drinking. The current study assessed mortality associated with drinking pattern,
operationalized as the frequency of both heavy and non-heavy drinking occasions.

Methods—Data from the 1997 – 2001 administrations of the National Health Interview Survey
(NHIS; n = 128 203) were paired with the current release of the NHIS Linked Mortality Files,
which provided mortality follow-up data through the end of 2006. We estimated the impact of
drinking pattern on all-cause mortality, operationalized as the frequency of heavy (5+ drinks) and
non-heavy (less than 5 drinks) drinking occasions. Other covariates in the model included survey
wave, sex, age, race/ethnicity, ratio of family income to poverty threshold, educational attainment,
BMI and smoking status.

Results—Over a third of past-year drinkers reported heavy drinking. Mortality risk increased
steadily as heavy drinking frequency increased; daily heavy drinkers exhibited an almost two-fold
risk of death compared to abstainers (p < 0.001). Regular non-heavy drinking was associated with
decreased mortality, similar to the “J-shaped curve” highlighted in past research on alcohol
mortality; this potential protective effect peaked around 2 non-heavy occasions per week.

Conclusions—Any heavy drinking likely elevates mortality risk, and substantial health benefits
could be realized by reducing heavy drinking occasions or limiting overall drinking. Heavy and
non-heavy drinking frequency are valid targets for clinical screening and could be helpful in
assessing risk and promoting less harmful drinking behavior.
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Introduction
High average daily consumption of alcohol has been associated with elevated mortality risk,
but more moderate consumption, relative to abstinence, is associated with reduced risk, both
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for all-cause (Bagnardi, Zambon, Quatto, & Corrao, 2004) and cardiovascular mortality
(Costanzo, Di Castelnuovo, Donati, Iacoviello, & de Gaetano, 2010). A meta-analysis
demonstrated that this apparent protective effect peaks at around 1 to 2 drinks per day, but
that slightly higher average levels of daily consumption, around 4 drinks for men and 2 for
women, are associated with increased mortality risk (Di Castelnuovo et al., 2006). The
relationship between average dosing and mortality risk is commonly visualized as a J-
shaped curve, whereby risk is plotted against average drinks per day—risk is reduced with
light consumption compared to abstention, followed by a steep increase as the average daily
dose increases.

Average daily consumption has several limitations, both for screening in research and
clinical practice. Establishing average consumption could require a timeline follow-back
covering recent time periods, necessitating that respondents recall specific drinking
quantities and the days on which they occurred (Sobell, Maisto, Sobell, & Cooper, 1979).
More importantly, average consumption does not fully capture individual differences in
drinking patterns, both potentially underestimating risk for people who infrequently drink
heavily, and mischaracterizing the protective effect associated with more moderate
consumption (Roerecke & Rehm, 2010). For example, an individual who consumes 7 drinks
twice each weekend would likely be at much higher risk for alcohol-related morbidity and
mortality than another who consistently consumes 2 drinks every day, despite consuming
similar amounts on average.

A variety of drinking patterns have been studied in relation to mortality, including overall
drinking frequency (Mukamal et al., 2003), drinking primarily with meals (Stranges et al.,
2004), drinking more than once per day (Britton & Marmot, 2004), drinking on weekends
(Mørch, Johansen, Løkkegaard, Hundrup, & Grønbæk, 2007), and average consumption at
different levels of drinking frequency (Baglietto, English, Hopper, Powles, & Giles, 2006).
Although these drinking patterns capture a range of behaviors, those that show a consistent
association with decreased risk primarily involve drinking frequency at low to moderate
levels (McElduff & Dobson, 1997; Mukamal et al., 2003; Kerr, Greenfield, Bond, Ye, &
Rehm, 2011), while increased risk is typically tied to binge or other heavy drinking (Murray
et al., 2002). Additionally, many studies have observed differences in alcohol-related
mortality risk based on demographic group for designs using both average consumption and
drinking pattern; for example, based on sex (Bagnardi et al., 2004; Di Castelnuovo et al.,
2006) and race/ethnicity (Kerr et al., 2011).

In contrast to research on average daily intake, studies investigating the impact of drinking
pattern have had difficulty consistently demonstrating simultaneously both an increased risk
associated with heavy drinking and a protective association with more moderate
consumption (Roerecke & Rehm, 2010). Studies that have demonstrated a protective effect
typically feature complex categorizations of drinking pattern based on several variables,
such as drinking frequency, average drinks per day and heavy drinking status (e.g., Kerr et
al., 2011; Mukamal, Chen, Rao, & Breslow, 2010; Breslow & Graubard, 2008). Though
precise, this complexity makes categorizing individuals based on drinking pattern more
difficult and likely limits clinical applicability. In the current study, we investigate a
simplified concept of drinking pattern operationalized as the frequency of both heavy and
non-heavy drinking occasions. We define heavy drinking as any occasion in which an
individual consumes 5 or more drinks, a construct which is intended to capture a short-term
drinking pattern that raises one’s blood alcohol to 0.08 or above (National Institute of
Alcohol Abuse and Alcoholism, 2004). Conversely, we use non-heavy drinking to refer to
drinking occasions in which heavy drinking did not occur, and calculated this value by
subtracting heavy drinking frequency from overall drinking frequency. Non-heavy drinking
does not necessarily correspond to “moderate” drinking at the level associated with the
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largest reductions in mortality risk seen in previous work, but still offers a simple way to
assess drinking behavior at quantities well below those of typical heavy drinking episodes
(Kanny, Liu, Brewer, Garvin, & Balluz, 2012).

Non-heavy and heavy drinking frequency are straightforward to assess and there are also
large amounts of epidemiological reference data available. In the U.S., a number of surveys
regularly include items assessing both drinking frequency and heavy drinking frequency,
including the Behavioral Risk Factor Surveillance System, the National Survey on Drug Use
and Health, and the National Health Interview Survey (Centers for Disease Control and
Prevention, 2009; National Center for Health Statistics, 2011; RTI International, 2009). The
availability and usefulness of these constructs will likely also increase; there have been
recommendations to simplify screening for problematic drinking using the abbreviated
AUDIT-C, which assesses drinking frequency, typical amount per day and frequency of
drinking 6+ drinks (Bush, Kivlahan, McDonell, Fihn, & Bradley, 1998), or single-question
screening, such as, “How many times in the past year have you had five [for men] or four
[for women and all adults older than age 65 years] or more drinks in a day?” (U.S.
Preventive Services Task Force, 2012).

We utilized data from the National Health Interview Survey (NHIS) for the years 1997
through 2001, providing a large sample (n = 111,511) representative of the non-
institutionalized, adult population of the United States. Alcohol use data from the NHIS for
eligible respondents were paired with the NHIS Linked Mortality Files to determine all-
cause mortality through 2006. The size of this sample also allows us to investigate
differences in mortality based on demographic group, specifically race/ethnicity, sex and age
cohort.

Methods
Subjects

Data from the 1997 – 2001 administrations of the National Health Interview Survey (NHIS)
were merged to examine the relationship of drinking pattern variables to mortality. The
NHIS is an ongoing survey, representative of the civilian, non-institutionalized, household
population of the U.S. The waves analyzed here were administered by field interviewers
trained by the U.S. Census Bureau using computer-assisted personal interview technology.
The 1995 – 2005 administrations used the same sampling design, drawn from 358 county-
level primary sampling units across all 50 states and included oversampling of Blacks and
Hispanics (Moriarity, 2006). Household response rates for these years averaged 89.1% while
individual response rates averaged 74.0%. The last major content revision was in 1997
(National Center for Health Statistics, 2002, 2011); we began with that year to ensure
consistent operationalization of our independent variables and 2001 served as the final data
year so that at least five years had passed for all subjects prior to the final mortality linkage
that occurred in 2006.

NHIS Linked Mortality Files use probabilistic matching of death certificate data found in the
National Death Index (NDI), a central database of death record information contributed by
each state. NHIS records are submitted for matching to the NDI on the basis of fourteen
identifying variables. There are seven potential combinations of identifiers that serve as pre-
specified inclusion criteria for match attempts (e.g., social security number, full date of
birth, and sex). Records not meeting these criteria are coded as “indeterminate” with regard
to mortality status. Suitable NHIS records are then scored probabilistically and ranked to
determine the true match (National Center for Health Statistics, 2009). Linked mortality data
can also originate from the Social Security Administration and Centers for Medicare and
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Medicaid Services (National Center for Health Statistics, 2010), but only a small portion of
the mortality records in our sample did not originate from the NDI (n = 31; 0.02%).

Alcohol-related variables and covariates
The NHIS adult interview assessed whether respondents had consumed at least 12 drinks in
their lifetime; those who reported not meeting this threshold were classified as lifetime
abstainers. Those who reported lifetime drinking, but not having drank in the past-year were
classified as past-year abstainers, which was included as a covariate to address the potential
“sick quitter” effect, whereby ex-drinkers in poor health are thought by some researchers to
have biased previous work on the protective effect of more moderate drinking (Connor,
2006). Those who drank at least 12 drinks in their lifetime and any in the past year were
considered past-year drinkers and were further characterized by their responses to two items
assessing alcohol consumption. These included number of days in the past week in which
any alcohol was consumed (drinking days) and the number of days in which 5 or more
drinks were consumed (heavy drinking days; this item assessed drinking at the 5+ threshold
for both men and women). The original NHIS items allowed respondents to choose the time
period for which they were answering (i.e., week, month or year); these were converted to
week for each item if they were not already in that format (i.e., by dividing by 4.34 for
month and 52.18 for year). For our primary analyses, we assessed the degree to which
mortality status at follow-up was associated with the frequency of both heavy and non-heavy
drinking, the latter calculated as the difference between total drinking days and heavy
drinking days. The alcohol variables included in our primary analyses are as follows:

• Past-year abstainer status (had consumed 12+ drinks in lifetime, but none in past
year)

• Heavy drinking days (number of days in which 5+ drinks were consumed)

• Non-heavy drinking days (total number of drinking days minus heavy drinking
days)

For comparison, we also calculated average daily consumption for each respondent using
overall drinking frequency and average drinks per drinking day, but this value was not used
in our main analyses.

Covariates included survey wave, sex, age cohort, race/ethnicity, categorical ranking of ratio
of family income to poverty threshold, educational attainment, BMI, smoking status, census
region and self-reported health status. Age cohort was categorized as 18-30, 31-40, 41-50,
51-60 and over 60. Race/ethnicity was coded as non-Hispanic White, non-Hispanic Black,
Hispanic, and other race/ethnicity. Educational attainment was coded as having: (a) less than
a high school education, (b) some high school, (c) high school diploma or GED, (d) some
college, but no degree, and (e) any college degree. Separate dummy variables were used to
classify respondents as current smokers and former smokers. BMI was calculated based on
self-reported height and weight. There were 4 census regions: Northeast, North Central/
Midwest, South and West. The health status item in the NHIS allowed respondents to
endorse one of 5 levels: excellent, very good, good, fair and poor. Preliminary analyses
showed that poor health status had the largest impact on mortality and in subsequent models
a dummy variable denoting poor health status was used.

Model development
Our core analyses assessed the relationship between all-cause mortality and alcohol
consumption frequency and other covariates using a stratified Cox-proportional hazards
model implemented in version 2.15 of the statistical language R (R Development Core
Team, 2012). Preliminary analyses did not demonstrate a statistical difference between
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survey design or model-based specifications; our subsequent analyses utilized a model-
based approach due to the potential loss of precision accompanied by the use of survey
design variables in an appropriately specified model (Lumley, 2010).

We controlled for age at entry by stratifying and allowing baseline hazard function to vary
by age cohort, which serves as a viable alternative to using age as time scale to control for
potential age effects (Pencina, Larson, & D’Agostino, 2007). This method also gave us the
ability to easily estimate age cohort interactions by heavy and non-heavy drinking
frequency. We also stratified by former drinking status to further control for the potential
sick quitter effect. Allowing baseline hazard to differ by stratum yields different survival
curves for each group, but coefficients, and resulting hazard ratios, will remain the same.
Stratified groups can also exhibit completely different hazard ratios; interaction terms are
used to test for statistical differences between groups based on strata (Hosmer, Lemeshow,
& May, 2008; Kleinbaum & Klein, 2012).

Residual plots from our preliminary modeling and screening suggested that it was
reasonable to assume linearity for heavy drinking frequency; this was not the case for non-
heavy drinking frequency and BMI, which we allowed to exhibit non-linear effects through
the use of restricted cubic splines (Harrell, 2001; Bagnardi et al., 2004). Following the
recommendation of Harrell (2001), number of knots was chosen based on the relative
importance of the variable, with an eye toward controlling degrees of freedom while
maintaining a compromise between flexibility and loss of precision; knot position can then
be assigned at fixed quantiles based on number. Non-heavy drinking frequency was
estimated with 4 knots at the .05, .35, .65 and .95 quantiles; BMI was estimated with 3 knots
at the .10, .50 and .90 quantiles.

Poor health and current smoking status violated the proportional hazards assumption,
requiring that we specify stratified Cox models in which baseline hazard function was
allowed to vary based on these variables. We then tested interaction terms for these variables
by heavy and non-heavy drinking frequency to determine if stratification adequately
modeled their impact; at this time we also tested interactions for our a priori comparisons
(race/ethnicity, sex and age cohort). All interactions were added and tested via the partial
likelihood ratio test, with a Wald statistic of p < .05 serving as the threshold for inclusion
into the final model (Hosmer, Lemeshow & May, 2008). This process yielded one
significant interaction term for non-heavy drinking frequency by poor health status (p = .
018); all other interactions were non-significant at p > .10. See Supplementary Table 1 for a
list of all the variables in the final model.

Results
Sample Characteristics

The demographics of our final sample are described in Table 1, with respondents classified
according to mortality status at follow-up. There were 3,364 decedents (3.01%); they were
significantly older, less educated and less affluent than survivors. While there was a higher
proportion of Blacks among decedents than survivors, there was a lower proportion of
Hispanics, most likely due to the Hispanic population being, on average, younger than other
demographic groups. There was a higher proportion of former drinkers among decedents,
but lower proportions of lifetime abstainers and past-year drinkers.

Distribution of drinking patterns
Past-year drinkers constituted 66.17% (n = 73,786) of the sample. Those who reported any
heavy drinking (n = 26,663) made up 36.14% of past-year drinkers and 23.91% of the full
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sample, while 7,176 respondents—9.73% of past-year drinkers and 6.44% of the full sample
—reported heavy drinking as their only drinking behavior (see Table 2). Of past year
drinkers, 46.15% (n = 34,051) averaged at least one drinking occasion a week (see
Supplementary Table 2). Of weekly drinkers, 80.41% (n = 27,380) drank primarily non-
heavily, that is, they reported non-heavy drinking at least once a week, but averaged less
than one heavy drinking occasion. Weekly drinkers who engaged primarily in heavy
drinking constituted 6.18% (n = 4,560) of past-year drinkers; they averaged at least one
heavy drinking occasion, but less than one non-heavy occasion, per week. Finally, 2.62% (n
= 1,934) of past-year drinkers exhibited mixed-pattern drinking, by combining, on average,
at least one of both heavy and non-heavy occasions per week. Taking heavy and mixed-
pattern drinkers together, 9.73% (n = 7,176) of past-year drinkers, or 6.43% of the full
sample, reported drinking heavily at least once a week. We also assessed average daily
consumption for past-year drinkers; overall, average consumption increased with more
frequent drinking, both for heavy (r = .69, p < .001) and non-heavy (r = .29, p < .001)
drinking frequency. Deaths by combination of non-heavy and heavy drinking frequency can
also be seen in Table 2.

Mortality analysis
Results from the stratified Cox model can be seen in Table 3. As noted, the model allowed
for different baseline functions across groups based on poor health status, former drinking
status and current smoking status. Additionally, there was a significant interaction between
non-heavy drinking frequency and poor health status; mortality related to non-heavy
drinking was different for those who indicated they were of poor health, both with regard to
baseline hazard function and hazard ratio, as compared to the rest of the sample.

Figure 1 depicts mortality risk among past-year drinkers of better than poor health as a
function of heavy and non-heavy drinking frequency. The linear dose-response relationship
for heavy drinking and the non-linear relationship for non-heavy drinking are plotted
separately (i.e., holding the other variable constant) to highlight the J-shaped relationship
associated with non-heavy consumption. Supplementary Figure 1 also plots the relationship
between non-heavy and heavy drinking frequency and mortality, but does so for the full
range of drinking behaviors, depicting risk for mixed-drinking patterns. As can be seen in
both, heavy drinking at any frequency was associated with increased risk, while non-heavy
drinking frequency exhibited a protective effect that peaked around 2 occasions per week.
As noted, non-heavy drinking frequency did not have a significant impact on mortality for
respondents who reported poor health status, neither for the linear (B = 0.23, SE = 0.18, p = .
20) nor for the non-linear terms (B = -1.82, SE = 1.42, p = .20); Supplementary Figure 2
depicts estimated hazard ratios by drinking pattern for those who reported poor health.

Conclusions
Summary of findings

Of those NHIS respondents who reported drinking, most drank non-heavily, but 36.14% (n
= 26,663) reported any heavy drinking and 9.73% (n = 7,176) reported an average of at least
one heavy drinking occasion per week. Lifetime abstainers served as the reference group in
our mortality analyses and former drinkers constituted a categorically separate group, which,
when coupled with stratification by health status, addresses potential confounding associated
with the tendency for those in poor health to stop drinking, known as the sick quitter effect
(Connor, 2006). Mortality estimated from frequency of heavy and non-heavy drinking
suggested that there is no safe level of heavy drinking, the frequency of which was
associated with increased risk relative to lifetime abstinence in a linear, dose-dependent
manner across our whole sample (Figure 1). While the mortality analysis was also consistent
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with a protective effect based on drinking patterns characterized by non-heavy drinking for
healthy individuals, heavy drinking could mitigate this potential effect. As depicted in
Supplementary Figure 1, heavy drinking frequency impacted the apparent protective effect
in mixed-pattern drinking behaviors if one assumes additive effects for non-heavy and heavy
frequency. Additionally, we did not estimate a protective effect for those who reported poor
health status, contrary to some past research (e.g., Mukamel et al., 2010), but this result is
intuitive and suggests that any potential benefit from alcohol consumption is likely
contingent upon current health. Finally, we did not observe differences based on sex, race/
ethnicity or age cohort, despite substantial past research suggesting differences based on sex
(e.g., Di Castelnuovo et al., 2006; Bagnardi et al., 2004), and to a lesser degree, race/
ethnicity (e.g., Kerr et al., 2011).

These results also indicate that mortality estimates based on average daily consumption
could mischaracterize risk for many drinkers, especially those who engage in infrequent
heavy drinking episodes. Using risk thresholds for average daily consumption from past
research (Di Castelnuovo et al., 2006) and focusing on those who drank heavily on at least a
weekly basis, 5.01% (n = 3,736) of past-year drinkers in this sample would have their risk
mischaracterized using the average daily consumption approach as compared to the
frequency approach taken here. Specifically, heavy drinkers who averaged 1 to 4.99 drinks
per day, but consumed those drinks primarily during heavy drinking occasions, would
exhibit increased risk in our model while their average dosing suggests a protective effect.
Although the average daily consumption approach estimates only slightly elevated risk at
the 4 to 4.99 drinks per day level, our approach suggests those who consume such an
amount over the course of 5 or more drinking occasions per week have a mortality risk
almost 50% higher than that for abstainers (Figure 2).

Assessment of risk based on both heavy and non-heavy drinking frequency offers several
advantages. Our model, based on a nationally representative U.S. sample, produced
consistent, simultaneous associations for multiple drinking patterns and relates health risks
to measures that are easy to assess in clinical practice and in epidemiological surveys. The
potential reduction in risk for individuals who shift from heavy to non-heavy drinking also
suggests that the assessment of heavy drinking frequency could be incorporated into harm
reduction strategies, especially for individuals who drink heavily but are not dependent on
alcohol, as often seen in college-age drinkers (Larimer & Cronce, 2002).

Limitations and conclusion
Several limitations should be kept in mind while interpreting these results. We focused on
all-cause mortality and the data also represent a relatively short window for measuring
mortality risk, both of which potentially contribute to uncertainty in estimates of long-term
effects. This is less a concern when assessing heavy-drinking risk since a range of potential
outcomes that affect mortality were captured, but a longer follow-up period, coupled with
cause-specific mortality analyses, might be required to most accurately capture a protective
effect associated with non-heavy consumption.

Both drinking pattern constructs cover a wide range of behaviors, but there is substantial
evidence supporting the negative impact of heavy drinking (Rehm et al., 2003) and past
research also suggests that heavy drinkers, both men and women, typically drink in excess
of the 5+ binge threshold (Kanny et al., 2012). Heavy drinking frequency as defined exhibits
sufficient face validity and is likely appropriately capturing risky drinking behavior.

The non-heavy drinking frequency construct is less precise and likely captures a broad range
of behaviors, some of which might qualitatively differ in relation to mortality risk. As
defined, non-heavy drinking frequency as a construct potentially contains: (a) truly
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protective levels of consumption, likely at around the 1 – 2 drinks per occasion threshold,
where previous research has shown the greatest potential for a protective effect; (b)
consumption that is on average risk-neutral; and (c) risky drinking behavior, especially for
those who frequently consume 3+ drinks per occasion, or those who drink just below the
heavy drinking threshold and drive after doing so. Non-heavy drinking might also be
tapping into confounded factors not directly attributable to alcohol consumption (e.g.,
drinkers who consume wine with meals, whose reduced risk might stem from healthy
lifestyle and diet). Lastly, respondents reported drinking more per occasion as their drinking
frequency increased; it is possible that non-heavy drinking captured different drinking
behaviors as respondents drank more often.

Even in light of these potential limitations, modeling alcohol-related mortality risk using
heavy and non-heavy drinking frequency addresses shortcomings of other approaches and
highlights future research needs. More precise assessment of lower-consumption frequency
is warranted for future research on the protective effect of non-heavy drinking, perhaps by
developing and validating a 1 – 2 drink threshold item for use in screening and research.
Further research exploring differences in mortality based on demographic characteristics,
such as sex and race/ethnicity, is also indicated. Additionally, even if the protective effect of
non-heavy consumption has been overstated, as some investigators have suggested (Connor,
2006), risk associated with consumption at low thresholds would be significantly lower than
that of heavy drinking and would at some point also likely be effectively risk-neutral.
Promoting less-harmful drinking patterns by reducing heavy drinking frequency is an
appropriate harm reduction strategy and assessing drinking pattern by determining the
frequency of heavy and non-heavy drinking is a simple and fast way to determine risk and
promote less risky drinking behavior.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Mortality risk by frequency of heavy (5+ drinks; dark blue line) and non-heavy (<5 drinks;
light blue line) drinking occasions per week. Hazard ratio, with 95% CI, is plotted separately
for the frequency of each behavior. Data are based on the 1997 - 2001 waves of the National
Health Interview Survey. Reflects an interaction model; results are for those respondents
who did not indicate they were in poor health.
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Table 3

Regression Coefficients for Mortality Related to Heavy and Non-Heavy Drinking Frequency

B SE p

Non-heavy drinking frequency -0.278 0.063 < 0.001

Non-heavy frequency, non-linear term 2.241 0.455 < 0.001

Heavy drinking frequency 0.084 0.015 < 0.001

Sex 0.522 0.038 < 0.001

Former smoking status 0.234 0.050 < 0.001

BMI -0.049 0.010 < 0.001

BMI, non-linear term 0.064 0.012 < 0.001

 Race/ethnicity

White ref -- --

Black 0.281 0.046 < 0.001

Hispanic -0.241 0.060 < 0.001

Other -0.425 0.130 < 0.001

 Survey Wave

1997 ref -- --

1998 0.110 0.050 0.023

1999 0.082 0.054 0.133

2000 0.082 0.057 0.149

2001 0.072 0.061 0.240

 Census Region

Northeast ref -- --

North Central/Midwest -0.049 0.055 0.370

South -0.004 0.049 0.944

West -0.112 0.059 0.057

 Educational attainment

Less than high school ref -- --

Some high school 0.090 0.068 0.187

High school diploma or GED -0.039 0.066 0.552

Some college 0.054 0.072 0.449

Any college degree -0.193 0.073 0.008

 Ratio of Family Income to Federal Poverty Threshold

1 to 1.99 ref -- --

2 to 2.99 -0.262 0.062 < 0.001

3 to 4.99 -0.420 0.060 < 0.001

5 and Over -0.601 0.066 < 0.001

Indeterminate -0.320 0.059 < 0.001

Under 1 0.105 0.057 0.064

 Non-heavy frequency by poor health status interaction

Linear non-heavy term 0.511 0.193 0.008

Non-linear non-heavy term -4.056 1.492 0.007
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Note. n = 73,786
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