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Abstract

Background and aims—Questions about drinking “yesterday” have been used to correct
under-reporting of typical alcohol consumption in surveys. We use this method to explore patterns
of over- and under-reporting of drinking quantity and frequency by population sub-groups in four
countries.

Design—Multivariate linear regression analyses comparing estimates of typical quantity and
frequency of alcohol consumption with and without adjustments using the Yesterday method.

Setting and participants—Survey respondents in Australia (n=26,648), Canada (n=43,370),
USA (n=7,969) and England (n=8,610).

Measurements—Estimates of typical drinking quantities and frequencies over the past year plus
quantity of alcohol consumed the previous day.

Findings—Typical frequency was underestimated by less frequent drinkers in each country. For
example, after adjustment for design effects and age, Australian males self reporting drinking “less
than once a month” were estimated to have in fact drunk an average of 14.70 (x0.59) days in the
past year compared with the standard assumption of 6 days (t=50.5, p<0.001). Drinking quantity
“yesterday” was not significantly different overall from self-reported typical quantities over the
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past year in Canada, USA and England but slightly lower in Australia (e.g. 2.66 vs 3.04 drinks,
t=20.4, p<0.01 for women).

Conclusions—People who describe themselves as less frequent drinkers appear substantially to
under-report their drinking frequency, but country and sub-group specific corrections can be
estimated. Detailed questions using the Yesterday method can correct under-reporting of quantity
of drinking.

Keywords
Survey; Quantity-Frequency method; Yesterday method; Alcohol; Under-reporting

Introduction

It is well documented that self-report surveys result in substantial underestimates of alcohol
consumption (1, 2). In particular, the widely used quantity-frequency (QF) approach yields
estimates of per capita alcohol consumption derived from self-reported surveys that may be
less than half those derived from official alcohol sales data (1—3). In recent years,
researchers have taken an increasing interest in studying the reasons for underreporting and
attempting to correct for it. Notable examples of this include including standard “uplift”
correction factors for underreporting in estimates of alcohol attributable morbidity and
mortality in the Global Burden of Disease study (4), in applications of the Sheffield Alcohol
Policy Model (5) to estimate impacts of alternative policy scenarios on public health, and in
re-estimates of compliance with low risk drinking guidelines (6, 7). Recently, a method has
been described for estimating the degree of underreporting for different sub population
groups (1). This method employs supplementary data collected by the “Yesterday method”
in a Canadian national survey and from official alcohol sales to re-estimate mean drinking
frequencies and quantities for population subgroups and apply these to responses of survey
respondents to a last 12 months QF measure. When applied in Canada, this approach
indicates that while men and women under report their alcohol consumption to a similar
degree, under reporting is significantly greater for younger and also lower level consumers.
Livingston and Callinan (2015) (8) found similar results comparing a detailed context-
specific set of questions with standard graduated frequency approaches, with low-risk
drinkers under-reporting proportionately more than heavier drinkers in the standard survey
data.

The present paper focuses on a phenomenon that was been identified serendipitously during
these investigations of underreporting of alcohol consumption. This concerns a strong
tendency among survey respondents who describe themselves as infrequent drinkers to be
drinking far more frequently than indicated in their responses to past 12 months quantity and
frequency questions. For example, respondents identifying themselves as drinking “less than
once a month” were approximately 3 times more likely to indicate they drank the day before
the interview than would be expected by chance (1). Conversely, significantly fewer people
in this study reported having drunk the day before the interview than would be expected
among those who said they drank “every day of the week”.
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Population alcohol surveys worldwide tend to use standard assumptions to interpret
responses to drinking frequency questions, typically using the midpoint of the lower and
upper bounds to quantify individual frequencies (e.g. assuming 2.5 days per week if the
response option is 2 or 3 days per week) (9). These assumptions are then factored in to
estimates of alcohol attributable fractions (10), estimates of the global burden of disease (4),
policy modelling studies (5) and the development of low-risk drinking guidelines (11). We
sought to investigate, therefore, whether consistent patterns of bias can be observed cross
nationally in how people respond to drinking frequency questions with a view to seeing if
the bias can be both estimated and corrected at the individual country level. The Yesterday
method also provides a way to investigate underreporting of quantity and so this was also
investigated in the present study for the same purposes.

The Yesterday method is proposed as a complement not an alternative to questions focusing
on longer time periods. Its use is predicated on two plausible assumptions. Firstly, that it is
much easier to remember whether or not alcohol was consumed the day before the interview
than to accurately estimate average drinking frequency over the previous year. This
information can be used to estimate typical drinking frequencies among sub-groups of
drinkers (e.g. all those reporting drinking one day per week in a QF survey) by examining
the proportions reporting any alcohol the day before the interview compared with what
would be expected based on their self-reported frequency (i.e. one in seven drinkers in this
example) (1). It is necessary for interviews to be conducted on each day of the week and
data to be weighted so each weekday is equally represented to make this calculation. The
second assumption is that it is easier to remember how much was consumed the day before
the interview than to estimate typical quantities on drinking days in the past year. Previous
research using national Australian survey data, found that detailed Yesterday questions about
beverage types and container sizes yielded estimates of daily drinking quantity that were
28% higher than a simple Yesterday question on just the overall number of “standard drinks”
(2). Both of these estimates were, in turn, higher than estimates based on typical QF
methods.

Given the size of the correction factors previously estimated for both typical quantity and
frequency of drinking, we investigated this phenomenon cross-nationally employing data
from four countries where data on consumption the day before the interview were collected
in a national alcohol survey. In each case, both the specific measures of typical drinking
quantity and frequency over the past year and also for the number of drinks consumed the
previous day were slightly different in each survey. This precluded a pooled analysis but,
nonetheless, it was possible to investigate whether similar patterns of under-reporting of
drinking frequency and quantity were evident cross nationally.

National survey sampling

Data from four national surveys (Australia, Canada, England and US) were available for

analysis in this study. All the surveys incorporated data collected between 2008 and 2011
using nationally representative sample frames. The methods employed in each survey are
briefly described below and summarised in Table 1.
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i.  The 2010 National Drug Strateqy Household Survey (NDSHS) is a random
household survey of Australians aged 12 and over using a drop and collect
approach and a clustered stratified random sample with regions sampled randomly
within 15 geographic strata (13).

ii. The Canadian Alcohol and Drug Use Monitoring Survey (CADUMS) is an age 15+
general population telephone survey initiated in April 2008 by the Controlled
Substances and Tobacco Directorate, Health Canada (14, 15). It used random digit
dialing (RDD) and Computer Assisted Telephone Interviewing (CATI). Within each
of ten provincial strata, a random sample of telephone numbers was selected with
equal probability of selection. The 2008, 2009 and 2010 CADUMS were included
in the analysis because of the availability of the same alcohol data.

ili. 7The 2011 Health Survey for England (HSE) is an annual survey commissioned by
the Health and Social Care Information Centre since 1991 (16). A multistage
stratified sampling design was used for 8,610 adults aged 16+ living in private
households interviewed between January 2011 and February of 2012. Those who
reported drinking in the last 12 months were asked to complete a prospective seven
day drinking diary (starting day was usually the following day from the interview).

iv. The 2010 U.S. National Alcohol Survey (NAS12)is a Computer Assisted
Telephone Interview (CATI) survey of the US adult population aged 18 or older,
with 7,969 who completed at least the drinking questions (complete, mid-terminate
and partial interviews) in a dual-frame sample (6,854 landline; 1,115 cell phone)
(17). Fieldwork from June 2009 to March 2010 was conducted by Random Digit
Dialing (RDD) in all 50 states and DC. By landline, one adult per private residence
was randomly selected (18). All adults answering the cell phone were selected. The
cooperation rate was 49.9% for landlines and 71.3% for cellphones (19). Additional
survey details can be seen elsewhere (20).

Measures of alcohol consumption

In each survey, data were available for a QF measure of alcohol consumption over the past
year i.e. capturing both typical drinking frequencies and quantities (2, 21). Each survey also
included a question or questions about drinking the day before the interview. Combining
drinking information from these two approaches made it possible to compare self-reported
drinking frequencies over the past year for sub-groups of drinkers with how often (as a
group) they reported drinking “yesterday”. In a group who all say they drink once a week,
for example, there should on average be one in 7 who report drinking “yesterday”. There
were some differences in the methods used. For example in Canada and England, the
yesterday questions were repeated for multiple beverage categories whereas in the US and
Australia respondents simply estimated the total number of drinks consumed the day before
the interview. Interviews were conducted on each day of the week in all four surveys
enabling responses to be weighted by day of week.

In all surveys, the frequency of drinking any beverage alcohol in the past 12 months and the
number of drinks on any single day were assessed. In England, number of drinks was
derived from summing beverage-specific quantities reported for any single day and on the
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last day of the seven-day drinking diaries for *yesterday drinking’. In Australia and the US,
yesterday drinks were the number of drinks on any kind of alcohol the day before the
interview. In Canada, beverage-specific yesterday drinks were assessed for beers, wines,
coolers and spirits. The question formats and response options in each country are also
presented in an Appendix. For simplicity of presentation, all estimates of numbers of
“drinks” or “units” of alcohol in each survey are expressed in terms of 10 g “standard
drinks”.

All analyses were performed at the country level because of the differences in design
strategies, survey sampling methods and measures of alcohol consumption.

Comparison of QF versus Yesterday-adjusted drinking frequencies—The
number of drinkers in each QF frequency category who reported drinking the day before the
interview was used to estimate more accurate mean drinking frequencies for both men and
women. The proportion of drinkers in each frequency category who drank “yesterday” was
multiplied by 365 e.g. if one in every 10 “once per month” QF respondents reported
drinking yesterday, this was taken to indicate a frequency of 0.1 x 365 or 36.5 days per year
instead of the usual assumption of 12 drinking days per year (1, 7). The usual QF procedure
for quantifying drinking frequency in terms of drinking days per year is to use midpoints for
each frequency response, e.g. for drinking “less than once a month” the midpoint of the
lowest possible (i.e. 1 day) and highest (11 days) per year is taken i.e. 6 days. Estimated
drinking frequencies from these two methods were then compared statistically using
multivariate linear regression analyses (22) after they were applied to each individual who
reported drinking in the past year via the QF questions. Adjustment was made for age and
sample design effects and 95% Cls estimated. The t-test was used to assess the significance
of differences found for each drinking frequency subgroup by gender.

Comparison of QF versus Yesterday-adjusted drinking quantities—The
Yesterday method was used to estimate an average quantity consumed on a drinking day for
subgroups of drinkers defined by their QF drinking frequencies. For example, mean quantity
consumed “yesterday” was estimated for all drinkers who reported both drinking yesterday
and also once a month on the QF. Multivariate linear regression analyses were used to
compare statistically the estimates of daily drinking obtained from the Yesterday questions
and the QF. Adjustment was made for design effects and confounding effect of age, and 95%
Cls calculated for each drinking frequency sub-group by gender. The t-test was also used to
test the significance of differences between these pairs of estimates of quantity consumed on
a typical drinking day.

Stata 12.0 (England) or SAS 9.3 were used to analyze the sample survey data because the
procedures designed in these statistical software can handle complex survey sample design,
including designs with stratification, clustering and/or unequal weighting and adjust for
confounding effects of covariates such as age (25, 26). The estimates were based on the
weighted sample for each country and the expansion weights were recalculated and were
rescaled to the sample size (24).
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As shown in Tables 2, 3, 4 and 5 both under-reporting by infrequent drinkers and over-
reporting by frequent drinkers were confirmed in each country examined though there were
between country differences. Underreporting of drinking frequency was significant and most
pronounced among respondents reporting lower frequencies of drinking over the past 12
months. In the Australian survey (Table 2), males who said they drank less than once a
month over the past 12 months were estimated to be actually drinking 2.45 times more
frequently than they reported, while for female drinkers this ratio was 2.78. Among
Canadian survey respondents self-reporting drinking “less than once a month” (Table 3),
these ratios were 3.34 for males and 2.81 for females. Similarly, in the England survey
(Table 5) there were 1.62 times more males and 4.24 more females reporting consuming the
day before than expected based on their self-reported drinking frequencies in the previous 12
months. In the US sample, underreporting of drinking frequency was most pronounced for
those self-reporting frequency of “once a month” with correction factors estimated of 2.44
for women and 2.67 males based on numbers reporting drinking “yesterday”.

“Breakeven” points occurred at which drinking frequencies were not significantly over- or
under-estimated in each country. In the US, this occurred for males self-reporting drinking
five or six times a week in the past year and females self-reporting drinking between three
and six times a week in the past year (Table 4), and for England drinkers self-reporting
drinking once or twice a week for females (Table 5). The tendency for over-estimating
drinking frequency by more frequent drinkers was least pronounced among Australians with
as many as 95% male and 94% female of “daily drinkers” reporting drinking the day before
the interview (Table 2). This tendency was greatest among US drinkers for whom only 84%
of male and 82% of female *daily” drinkers reported drinking “yesterday” (Table 4).

By contrast, there was no evidence that the Yesterday method provided a means of
correcting for under-reporting of quantity compared with usual quantity from the QF method
or as calculated from the beverage specific QF used in England. In fact, for several drinking
categories (all relatively infrequent drinkers) in Australia, Canada and England there were
significantly Jower estimates of daily quantity consumed estimated from the Yesterday
questions compared with last 12 month QF methods. Only Canadian male drinkers reporting
consumption every day evidenced Aigherestimates of drinking quantity from the Yesterday
questions than the QF. In overall models for all drinkers, significantly lower estimates were
obtained for typical quantities consumed on a drinking day from the Yesterday method than
the QF methods in Australia. Otherwise, there were no overall significant differences
between the two types of estimate across the three other countries. Within individual
drinking categories, Yesterday-based estimates of daily quantity were significantly lower
than those from the last 12 months QF among less frequent drinkers. Adequate or
significantly higher estimates of drinking quantity were obtained for more frequent drinkers,
though this varied by country.

Table 6 reports per capita alcohol consumption estimates in litres of pure alcohol consumed
per person aged 15 + per year for each country. These are compared with firstly per capita
consumption estimates based on unadjusted QF self-report survey data showing that
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coverage of official consumption estimates ranged from a low of 31% for Canada to 57.5%
for England. Adjustments to these estimates using estimates of quantity consumed per day
from the Yesterday questions were lower for Australia (4.11 versus 4.73 litres per person)
but similar for the other countries. More substantial increases in coverage and per capita
alcohol consumption estimates were obtained after adjusting drinking frequency estimates
for Australia and Canada, with a slight increase for USA and no change for England.

Discussion

We suggest that some consistencies observed in these patterns of results from four different
English-speaking countries indicate the presence of systematic biases operating in patterns
of self-reported alcohol consumption which can be both estimated and corrected in national
surveys. If these biases are corrected, estimates of the distribution of drinking across the
population would be affected and, in some instances, also the overall level of drinking.

The observed biases involve both substantial under estimates of drinking frequencies by
those who claim to be the infrequent drinkers and also significant over estimates among self-
professed daily or almost daily drinkers. While the size of the correction factors required are
substantial among the least frequent drinkers, being mostly in the range between 2 and 4,
arguably the amount of alcohol consumed by this group is small and these underestimates
will make relatively small impacts overall. However, significant underreporting of drinking
frequency was also observed among those claiming to drink as often as 2 to 3 times per
week in Canada and 3 to 4 times a week in both the USA and Australia which would have
more impact on estimates of total consumption. It was estimated here that applying
adjustments for underreporting drinking frequency resulted in 46.2% (or 45.51% vs 31.12%)
greater coverage of official estimates of per capita alcohol consumption in Canada, 14.5% in
Australia and 3.8%% in the USA (derived from figures in Table 6). There was negligible
impact on coverage of official alcohol consumption for the England survey which is
distinguished by using the beverage specific quantity frequency method, known to result in
higher coverage than a simple quantity frequency approach (12).

Contrary to expectations, estimates of drinking quantities based on the Yesterday method
were lower than those based on QF methods in Australia and otherwise not significantly
different in the other countries. In Australia, Canada and England there was a tendency for
infrequent drinkers to report lower quantities the day before the interview than their estimate
of typical consumption, while the estimates from both methods were similar for more
frequent drinkers. We note that only simple versions of the Yesterday method were available
for the present analyses for USA and Australia which are less effective in correcting for
underreporting of quantity (2). It would be necessary to include questions on multiple
beverage categories as well as different container sizes to be able to develop correction
factors for underreporting of quantity. Methods have also been developed to estimate age
and gender specific adjustments for typical drinking quantities based on the Yesterday
method by taking account of typical beverage preferences among these groups and the
differential underreporting of beer, wine and spirits compared with official sales data (1).
Given the relatively low coverage of total consumption based on survey estimates, even after
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for correction of drinking frequency, there is still substantial under-estimation of per capita
consumption and some of this is likely due to under-reporting typical quantity.

Overall, the present findings and previous related studies point to the conclusion that under
reporting of alcohol consumption is not evenly distributed across age and gender subgroups,
both as a consequence of underreporting drinking frequency and quantity. Correcting for
differential under-reporting of alcohol consumption will therefore impact on estimates of the
global burden of disease from alcohol and its distribution across population sub-groups,
compliance with low risk drinking guidelines and impacts of alcohol policies. We note that
in net terms, these systematic biases serve to underestimate drinking frequency overall by
between 2% (males) to 16% (females) in the US, 16% to 24% in Australia and 43% to 53%
in Canada (see Tables 2,3 and 4). Thus corresponding estimates of the burden of disease
from alcohol, the extent of compliance with low risk drinking guidelines and the scale of
public health impacts from alcohol policies may be underestimated to some degree in these
countries. Global burden of disease estimates are based on the attributable fraction
methodology which uses estimates of the prevalence of drinking for different age and gender
subgroups estimated from national surveys (10) i.e. the differential patterns of under- or
over-reporting consumption as a function of age and drinking level reported here and
elsewhere (1) would impact these.

These findings also have some relevance to the quest in alcohol epidemiology to account for
the cause of underreporting of alcohol consumption in general population surveys. The
analyses reported here suggest that faulty recall of drinking frequency is partly responsible,
particularly among younger and lower volume drinkers. We suggest that this also fits with
results from studies comparing other survey approaches. For example, Livingston and
Callinan (8) highlight the significant improvement in coverage particularly for low risk
drinkers using a survey instrument developed by Casswell et al (27) that prompts
respondents to consider their drinking frequencies over a wide range of contexts and
beverages.

In conclusion, we recommend inclusion of detailed questions about drinking the day before
in national alcohol surveys to more fully estimate and correct for under reporting of both
frequency and quantity of drinking — for the population as a whole and also for sub-groups
defined by age and drinking level.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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