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Abstract

Background and aims—An early meta-analysis testing the concurrent validity of the

Alcohol Purchase Task (APT), a measure of alcohol’s relative reinforcing value, reported mixed
associations, but predated a large number of studies. This systematic review and meta-analysis
sought to: (1) estimate the relationships between trait-based alcohol demand indices from the APT
and multiple alcohol indicators, (2) test several moderators and (3) analyze small study effects.

Methods—A meta-analysis of 50 cross-sectional studies in four databases (7= 18 466, females =
43.32%). Sex, year of publication, number of APT prices and index transformations (logarithmic,
square root or none) were considered as moderators. Small study effects were examined by

using the Begg-Mazumdar, Egger’s and Duval & Tweedie’s trim-and-fill tests. Alcohol indicators
were quantity of alcohol use, number of heavy drinking episodes, alcohol-related problems and
hazardous drinking. APT indices were intensity (i.e. consumption at zero cost), elasticity (i.e.
sensitivity to increases in costs), Omax (i.e. maximum expenditure), Pnax (i.€. price associated to
Omax) and breakpoint (i.e. price at which consumption ceases).
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Results—All alcohol demand indices were significantly associated with all alcohol-related
outcomes (r=0.132-0.494), except Pnax, Which was significantly associated with alcohol-related
problems only (r=0.064). The greatest associations were evinced between intensity in relation to
alcohol use, hazardous drinking and heavy drinking and between Onyax and alcohol use. All the
tested moderators emerged as significant moderators. Evidence of small-study effects was limited.

Conclusi
research. |

Keywords

ons—The Alcohol Purchase Task appears to have concurrent validity in alcohol
ntensity and Onay are the most relevant indices to account for alcohol involvement.

Alcohol; alcohol purchase task; behavioral economics; concurrent validity; hazardous drinking;
meta-analysis

INTRODUCTION

Alcohol misuse is a major contributor to morbidity and mortality world-wide. Drinking
accounts for one-third of deaths due to cardiovascular diseases, and diabetes and is a risk
factor for different cancers [1]. The associated costs of alcohol use is estimated at $249
billion in the United States [2] and at 1-3.5% gross domestic product (GDP) in several
European Union countries [3]. The analysis of conditions under which individuals engage

in excessive drinking at the expense of other potentially available reinforcers has been
extensively examined using behavioral economics (BE), a hybrid field integrating behavioral
psychology and micro-economics [4]. Specifically, BE defines alcohol use fundamentally as
an operant behavior and, consequently, the study of the reinforcing efficacy of alcohol, in
general and over other reinforcers, constitutes a priority area in the field [5].

The analysis of reinforcing efficacy of drugs has shifted from progressive-ratio schedules in
self-administration studies to estimated consumption via hypothetical purchases [6,7]. This
latter option allows to assess drug-reinforcing value under different constraints (e.g. typical
drinking situation versus acute states; availability of a single drug versus two or more)
while reducing resource demand, participant burden and ethical concerns. In the alcohol
field, the Alcohol Purchase Task (APT) provides a behavioral economic proxy of alcohol
use valuation [8]. In addition to its sound psychometric properties [9], hypothetical APTs
provide data that converge with actual APTs [10,11] while reducing burden and eliminating
ethical concerns, especially when assessing individuals with alcohol-related problems.

More specifically, the APT offers five demand indices capturing different aspects of the
alcohol-reinforcing efficacy: intensity of demand (i.e. consumption at zero cost), elasticity
of demand (i.e. sensitivity to increases in costs), Omax (i.e. maximum expenditure), Prmax
(i.e. price associated to Onax) and breakpoint (i.e. price that suppresses consumption).
Collectively, these five indices provide a comprehensive perspective on alcohol valuation
and offer clinical and experimental insights. For example, heavy-drinking smokers show
increased alcohol Onax and breakpoint [12], and adulterated alcohol solutions administered
under devaluation paradigms specifically reduce alcohol choice via intensity decreases [13].
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Fostered by the widespread use of hypothetical purchase tasks, Roma et al. [14] published
an informed guidance on their construction, showing that price density(i.e. number of prices
utilized) affected the estimation of demand indices. In a recent meta-analysis, price density
moderated the relationship between P ,x, breakpoint and measures of quantity-frequency
of illicit drug use [15], suggesting that the APT concurrent validity might also be affected
by structural characteristics. This is important, as the evolving literature has used a variety
of APT versions with prices ranging from 13 to 51 [16,17]. However, their impact over

the relationship between each APT index and alcohol-related variables has yet to be
systematically examined.

More generally, APT research has revealed heterogeneous estimates of associations between
demand indices and alcohol-related variables. In attempts to synthesize these findings, two
studies have meta-analyzed studies published up to 2015 [18] and 2017 [19]. Results from
the first study showed that intensity and, to a lesser extent, Onax, €xhibited meaningful
effect sizes, but the other demand indices were not implicated, which raised doubts about
the validity of the APT. More recently, Zvorsky et a/[19] also supported the contribution
of intensity and Omax, but its general scope and the fact that all alcohol use indicators
were collapsed, precluded from examining specific associations between the APT indices
and different patterns of alcohol use. Also, the moderating effects of individual (e.g. sex)
and APT-related characteristics (e.g. price density, APT’s indices transformation) were not
explored, leaving the above-mentioned concerns as open questions. A recent meta-analysis
of illicit drug demand found that females exhibited stronger correlations between Ppax,
breakpoint and quantity—frequency and severity of illicit drug use [15]. However, the
moderating role of sex in the association between alcohol demand indices and alcohol use
has not been meta-analytically appraised. Given the existing sex and gender differences in
terms of alcohol use and alcohol-related problems [20,21] and the high variation in female
percentages in the preceding APT meta-analyses [18,19], the potential moderating role of
sex warrants further examination.

The current systematic review and meta-analysis addresses a number of the preceding

gaps on the APT literature and entails an extension of previous existing meta-analyses
[18,19]. It is a comprehensive and updated meta-analytical examination of the concurrent
validity of the APT. Specifically, it sought to (1) meta-analyze the findings on cross-
sectional relationships between APT indices, patterns of alcohol use (i.e. quantity of alcohol
use, number of heavy drinking episodes) and negative consequences (i.e. alcohol-related
problems, hazardous drinking), (2) to test potential moderators of the observed associations
(i.e. sex, year of publication and APT-related characteristics) and (3) to assess the presence
of small study effects.

Literature search procedure and data extraction

Prior to the onset of the meta-analysis, a comprehensive protocol detailing the methods
and procedures adopted was registered in the International Prospective Register of
Systematic Reviews (PROSPERO) system for systematic reviews (ID: CRD42019137512)
and published independently [22]. Both the review and meta-analysis were conducted
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in accordance with the Preferred Reporting Items for Systematic Reviews (PRISMA)
statement [23] (see Supporting information, Table S1). Potential eligible studies were
identified via searches of PubMed, PsycINFO, Scopus and Web of Science databases.

As the first APT paper was published in 2006 [8], literature searches were conducted
from inception to October, 2020 using the Boolean search terms that follow: (alcohol)
AND (behavioral economic*) OR (purchase task) OR (alcohol demand) OR (reinforcing
efficacy) OR (reinforcing value). Peer-review studies were retained for the meta-analysis
if they met the following criteria: (1) were human studies; (2) were experimental or
clinical studies analyzing the relationship between at least one baseline individual-level
APT index and alcohol-related variables (i.e. alcohol use, binge drinking, alcohol-related
problems, hazardous drinking). Because /n7-vivo laboratory studies using state-based APTs
are qualitatively different from trait-based assessments indices [10,11,24,25], experimental
studies using state-based APT versions were excluded. Also, data on elasticity of demand
were only included when calculated through the two most widely used formulae [26,27].
When the same sample was used in more than one study, the study providing more
information and a higher number of participants was retained. The “participants’ and
‘procedure’ sections of studies potentially based on the same dataset were compared to
ensure their independence. In case of questions, corresponding authors were contacted to
clarify this point. Finally, studies using other demand measures different than an APT, not
reporting data at individual level or not reporting baseline data on either APT or alcohol-
related variables were excluded.

The literature search was conducted by two reviewers who coded the studies independently
on the following variables: authors (names), tittle (name), year of publication (year), country
(name), sample characteristics (sample size, mean age, proportion of study participants

who were female), APT-related characteristics (number and range of prices, type of APT’s
indices transformation), alcohol variables (questionnaire, unit of measure) and outcome
measures (Pearson’s or Spearman’s coefficient effect sizes). No disagreement occurred
regarding potential eligible studies. A total of 20 authors leading 35 studies were also
contacted to provide the necessary data to conduct the meta-analysis. Of these, 18 provided
the necessary data to permit inclusion of 32 studies in the meta-analysis.

Meta-analytical approach

Pearson’s and Spearman’s effect size correlations were used as primary effect sizes on

the association between APT indices (intensity, elasticity, Omax, Pmax and breakpoint) and
alcohol-related variables. Given the marked heterogeneity in study designs (i.e. treatment-
seeking or community samples) and methods (i.e. variability in alcohol measures and APT-
related characteristics), a random-effects model was adopted. Spearman’s correlations were
converted into Pearson’s using the formula: 7= 2*sin (7, n/6) [28]. Cochran’s O, /2 and tau
(1) were computed to characterize heterogeneity; 2 < 25% suggests low heterogeneity,
~50% suggests moderate heterogeneity and = 75% suggests high heterogeneity across
studies [29]. Additionally, a 95% prediction interval was calculated following the formula
reported by IntHout ef a/. [30]. To complement these analyses, a leave-one-out ‘jackknife’
sensitivity analysis was carried out. It consists of evaluating effect sizes with each study
excluded and identifies studies with large contributions on the overall effect sizes, which can
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distort the pooled effect [31]. Systematic differences in effect sizes based on the alcohol-
related variables (alcohol use, heavy drinking, alcohol-related problems and hazardous
drinking) were also explored. Sex, year of publication and APT-related characteristics (i.e.
number of APT prices and type of APT’s indices transformation used) were also assessed
as potential moderators on the obtained estimates using meta-regressions at a two-sided
95% confidence level (P <0.05). When performing meta-regressions on the effect of price
density, one outlying value (i.e. 51 prices) in the study by Salzer ef a/. [16] was winsorized,
as recommended by Tabachnick & Fidell [32]. Based on the substantial heterogeneity of
type of transformation used to correct for skewness and kurtosis across APT studies, a
subgroup analysis of the observed associations by type of transformation (square root,
log-based or none) was conducted as well. A thorough procedure was followed to assess
for small-study effects using non-parametric and regression-based tests [33]: (1) the two-
tailed Begg—Mazumdar test (i.e. rank correlation between the standard effect size and their
variances, with deviations from zero indicating the presence of small study effects), and (2)
the two-tailed Egger’s test (i.e. asymmetry of the funnel plot with intercept values close to
zero indicating lesser small study effects). Sensitivity analysis was subsequently performed
following the Duval & Tweedie’s trim-and-fill approach (i.e. computation of the effect
sizes after imputation of estimated missing studies) using the Lg estimator and exploring
missing studies to the left of the mean, except for elasticity due to its inverse association.
Despite sometimes leading to conservative results [34], this popular approach improves
pooled estimates [35] and is considered as adequate [36]. No risk of bias assessment was
performed.

Sample characteristics

Figure 1 depicts the PRISMA flow-chart on the review process. A total of 20 736 studies
were initially identified. After removing duplicates, 17 705 records were screened at title
and abstract levels and were discarded if they were not relevant to the study question. The
109 potentially relevant studies were assessed for eligibility. A total of 50 papers containing
52 studies were finally retained after applying the exclusion criteria.

Study characteristics are shown in Table 1. The median sample size was 191 (total sample
size = 18 466; range = 36—4790) and participants’ mean age was 25.14 [standard deviation
(SD) = 4.77] years. Females comprised 0-90.6% of the sample, with a weighted percentage
0f43.32%. APT structural characteristics varied substantially in terms of number of prices
(range = 9-51) and maximum price (range = $9-1120). This latter range is significantly
reduced if the two studies [37,58] with extreme maximum prices (i.e. $100 and $1120,
respectively) are removed (range = $9-40). Raw intensity (58.00%, 7= 29), Onax (54.35%,
n=25), Pmax (62.16%, 1= 23), breakpoint (74.42%, n= 32) and elasticity (56.82%, n

= 25) were used in most bivariate associations, followed by the logarithmic (%: 24.00,
15.22,18.92, 6.98, 22.73; m. 12, 7, 7, 3, 10, respectively) and square root (%: 18.00, 30.43,
18.92,18.60, 20.45; 1. 9, 14, 7, 8, 9, respectively) transformations. Of note, 88.46% of
studies (7= 46/52) were conducted in the United States.
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ct sizes and heterogeneity analyses

Table 2 shows results on primary meta-analytical analyses and its associated heterogeneity
calculations. Forest plots are presented in Data S1. All demand indices were significantly
associated with all alcohol-related outcomes except for Pyax, Which was significantly
associated with alcohol-related problems only (r=0.064, £=0.004). Significant effect
sizes showed a wide range (r=0.064-0.494), with intensity exhibiting moderate-to-large
effect sizes (r= 0.334-0.494), elasticity low-to-moderate (= [C0]0.197 to [C0]0.132) and
Omax Moderate (r=0.230-0.354). Effect sizes for breakpoint (r=0.137-0.155) and Ppax
(r=0.007-0.064) were small in magnitude. An analysis by alcohol variable showed larger
effects of intensity (Q3) = 34.79, P <0.001) on alcohol use compared to heavy drinking and
alcohol-related problems (r= 0.494 versus 0.383 and 0.334, respectively) and on hazardous
drinking (r=0.437) compared to alcohol-related problems (r=0334). The magnitude of the
Omax-alcohol use association was greater (Q(3) = 16.623, £=0.001) than those observed
for hazardous drinking and alcohol-related problems (r= 0354 versus 0.239 and 0.230,
respectively). Breakpoint (Q3) = 0.557, £=0.906), elasticity (Q(3) = 2.282, P=0.516) and
Prmax (Q3) = 4.315, P=0.229) did not differ across the assessed alcohol-related variables.

Results based on /2 suggested a moderate-to-high heterogeneity in most relationships (see
Table 2). Standard deviations of effect sizes across studies as computed by the < statistic
suggested heterogeneity for intensity in alcohol use (z = 0.115) and heavy drinking (z =
0.132), and for elasticity in alcohol use (z = 0.124), heavy drinking (z = 0.145) and alcohol-
related problems for elasticity (z = 0.126). Variations in confidence intervals between the
overall analyses and the jackknife approach were small, suggesting a minimal impact of
individual studies on the overall effects. The only exception was the lower limit of the
Prax-heavy drinking and the elasticity—heavy drinking associations, which increased by 5.1
and 5.6%, respectively, when the study by Bertholet et a/. [42] was removed. This study also
provided the lowest effect size limits in 50% (7= 10/20) of the estimated effect sizes.

Moderation analyses

Regarding sex as a moderator, meta-regression analyses showed statistically significant
effects of sex over intensity and elasticity effect sizes (see Table 3). Specifically, increased
percentage of females strengthened the association between intensity and alcohol use
(P=0.025), alcohol-related problems (£=0.001) and hazardous drinking (P <0.001)

and reduced the effect of elasticity on hazardous drinking (2= 0004). In terms of year

of publication, more recent studies reported greater effect sizes between intensity and
hazardous drinking (£ = 0.048), Pyax and alcohol-related problems (P = 0.020) and smaller
effect sizes between elasticity and hazardous drinking (2= 0.045).

With regard to APT assessment characteristics, meta-regressions showed non-significant
effects of number of prices on any of the tested associations (4 = 0.096-0.888). The

type of index transformation significantly moderated the effect sizes for the heavy drinking
variables. More precisely, square-root elasticity (Q) = 22.41, P <0.001) yielded a larger
effect size (r=[C0]0.729, n= 1) than the log (r=[C0]0.231, 7= 4) and untransformed ones
(r=1[C0]0.083, n=6).
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Small study effects

According to the Begg—Mazumbar and the two-sided Egger’s tests, there was no evidence
of small study effects in 85% of the associations (see Table 4). The exceptions included
Egger’s test in the association between Onax and alcohol use; elasticity and hazardous
drinking; and in the breakpoint—heavy drinking association. Despite these significant
associations, they may be attributable to its high between-study heterogeneity, as suggested
by the Q, £ and <-statistics (see Table 2).

Finally, the Duval & Tweedie’s trim-and-fill procedure suggested the influence of nine
potential unpublished studies on the association between elasticity and alcohol use and
one for the intensity-hazardous drinking association (see Table 4). The imputation of these
potentially unreported studies decreased the estimated effect size for elasticity—alcohol use
by 26.9% (from [C0]0.197 to [C0]0.144), and for intensity—hazardous drinking by 1.14%
(from 0.437 to 0.432).

DISCUSSION

This systematic review and meta-analysis provides a comprehensive, updated account of
the APT’s concurrent validity in the burgeoning literature in this area, and addresses how

a number of other variables affect its links with diverse aspects of alcohol involvement.

All the demand indices except Pmax Were significantly associated with all alcohol-related
outcomes, although with substantial differences in effect sizes. The greatest associations
were evinced between intensity and all alcohol outcomes and between Oqax and alcohol
use. Results also suggested significant effects of sex, year of publication and type of APT’s
indices transformation on meta-analytical findings. Lastly, some evidence of small study
effects was obtained, especially for elasticity and alcohol use. Nonetheless, meta-analytical
estimates based on imputed effects did not substantially alter the significance or magnitude
of effects.

Moderate-to-large effect sizes were observed for intensity, moderate for Gpax and small for
elasticity and breakpoint. Similar results have been noted in meta-analyses of cross-sectional
relationships with the demand for cigarettes [82] and illicit drugs [15], which indicates

that these associations generalize across substances. The reported variations in effect

sizes across APT indices converges with the multi-dimensional nature of drug-reinforcing
efficacy [7] and they highlight the relevance of demand volumetric characteristics (intensity
and Onayx) in relation to alcohol misuse [83], often comprising the ‘amplitude’ latent
component of demand [83,84]. Notably, in-treatment reductions of these indices predict
alcohol use outcomes after a brief intervention [85], and they are the most sensitive indices
to experimental manipulation of individuals’ contexts through cue exposure, increased
stress/negative affect, opportunity cost or behavioral interventions [86]. More generally,
findings support the validity of briefer assessments of alcohol demand to zero in on
intensity and Opnax. While intensity captures the unconstrained reinforcing value of alcohol
(i.e. consumption at no cost), Onax has been suggested to capture the most relevant
features of motivation in the context of constraint [83], represented by the maximum

effort (i.e. expenditure) deployed to obtain the drug. As such, these indices may inform
about the magnitude of constraints or alternative reinforcers that should be implemented in
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preventive (e.g. availability and accessibility) and treatment (e.g. contingency management)
interventions to compete against alcohol use.

Variations in effect sizes were partially explained by several variables. Sex worked as
moderator on several of the observed effects for elasticity and intensity. Studies with a
greater proportion of females strengthened the associations between intensity and alcohol
use, related-problems and hazardous drinking. However, the elasticity and hazardous
drinking association was weakened by female sex. Contrary to recent findings in illicit
drugs [15], these results suggest the relevance of the volumetric demand characteristics
regarding explaining alcohol involvement in females, which may be driven by biological
factors related to higher sensitivity to alcohol [20]. Even though females may consume

less alcohol than males, they are more vulnerable to alcohol effects and have exacerbated
medical and interpersonal difficulties [87,88], which may account for higher magnitude
effects for intensity on alcohol use, related problems and hazardous drinking. Finally, as
alcohol use in men is considered more normative and is generally higher epidemiologically,
it may be that demand in females taps intrinsic alcohol-reinforcing values more incisively.
In other words, higher demand in females may be more specific to alcohol reinforcing
properties itself, and thus be more clinically significant than higher demand in males. On
another note, the reduced association between pricing-related indices (i.e. elasticity) and
hazardous drinking observed in samples with a greater percentage of females suggests a
relatively lower impact of price-based policies on females’ demand compared to men. That
is, as females reach higher blood alcohol concentrations (BACs) than males (i.e. present
more sensitivity to alcohol), even at same alcohol doses, they may assume higher unit costs
[89], especially in the context of drinking to cope [90].

The contribution of drinking motives may play a role on accounting for such effects,
commensurate with studies reporting its mediating effect on the relationship between
alcohol demand, alcohol use and related problems in college and adult samples [45].
Drinking motives, particularly social and drinking to cope, have been linked to female sex
in pre-clinical [91] and human research [92], and has been suggested to modulate the effect
of alcohol-reinforcing efficacy and alcohol use and problems [45,81,90]. These drinking
motives could lead to social/interpersonal, job and financial strains which map onto several
of the items contained on the scales used to measure alcohol use consequences.

Year of publication also moderated several of the observed associations. We found a
strengthened effect for the intensity-hazardous drinking association in more recent studies.
The fact that the Alcohol Use Disorders Identification Test (AUDIT) is being increasingly
used to assess this pattern of alcohol use symptoms may partially account for this finding.
More precisely, more than 83.3% (10 of 12) of the studies published from 2017 to 2020
used the AUDIT compared to 70% (seven of 10) of studies published from 2006 to 2016.
Given that the AUDIT includes frequency and quantity items and because they are highly
correlated to intensity, this finding might be arguably attributed to this methodological
element, rather than changes in sample characteristics or other variables. This may also
account for the apparent contradiction of the diminishing association across years between
elasticity and hazardous drinking. Despite that more recent studies used more balanced
samples in terms of sex, and a lower percentage of females is associated with an increasing
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association between elasticity and hazardous drinking, the growing use of the AUDIT for
assessing hazardous drinking may lead to a lower relevant role of elasticity on deleterious
alcohol use patterns compared to other measures (e.g. DSM criteria). However, this remains
speculative, as this hypothesis could not be tested directly.

The use of different mathematical transformations of APT’s indices has yielded significant
variation in the studied associations. In more recent studies there was an increasing use

of logarithmic over square-root transformations, which consistently produced lower effects
in moderation analyses, and may also help to explain the reduced correlations between
elasticity and hazardous drinking across years. What is somewhat concerning is that
virtually no study provided a detailed justification for using one or other transformation

or reported changes in measures of dispersion. Importantly, transforming data in most
circumstances does not reduce variability [93] and non-transformed indices in some ways
may be more desirable on a theoretical and practical level, but obviously have trade-offs

in terms of meeting typical statistical assumptions. Reporting both transformed and non-
transformed data in the Supporting information might help to generalize findings beyond
individual studies. Back-transformation is a commonly accepted practice [94,95], although it
is only recommended for means and confidence intervals.

Some limitations inherent to the reviewed studies should be considered. The percentage of
females was calculated based on socio-demographic characteristics and not on participants
with valid APT data. Nonetheless, excluded participants are usually minimal, and
consequently using this percentage may cause minimal deviation. This meta-analysis did
not address the potential influence of psychiatric comorbidities in the reported effect sizes,
as most studies were based on the general population; nor did it address other APT structural
characteristics, such as the vignette instructions, which warrants further consideration.

Also, the small number of works reporting each alcohol-related indicator reduces power

in moderation analyses, and no risk of bias assessment was performed. The cross-sectional
nature of this study reflects the state of the literature, but limits the extent to which the

role of demand in the etiology or progression of alcohol misuse can be addressed. Finally,
as conclusions are drawn based on aggregated samples, this meta-analysis cannot rule out
potential ecological bias (i.e. systematic differences between individual- and group-level
effects). The study also has several strengths that are worthy of mention. Besides using a
pre-registered, peer-reviewed and published protocol and following a comprehensive search
strategy, the present meta-analysis examined the effect sizes of APT indices regarding
multiple alcohol-related variables and covered different patterns of alcohol use involvement.
Also, it included several potentially relevant moderators of such effects and assessed small
study effects using multiple metrics.

In summary, the present results provide a comprehensive up-to-date review of the concurrent
validity of alcohol demand as measured by the APT in relation to alcohol misuse. Intensity
and Onax are the most relevant to account for alcohol use involvement, and exhibit the
highest promise to ultimately be used as diagnostic or prognostic tools. There has been a
recent increasing interest to use demand levels as clinical tools that would trigger the use

of different treatment intensities or modalities. In this sense, APT measures would be of
help to identify subgroups of individuals for whom specific interventions are particularly
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effective. The fact that the association between APT and alcohol involvement was moderated
by sex suggests different maintaining or etiological variables for alcohol use. For example,
as problems in emotional regulation are more relevant in females, and given that intense
negative affect is believed to enhance the reinforcing efficacy of alcohol [52], the former
may be an important gender-related risk factor leading to more problematic use and poor
treatment response. Finally, it is worth noting that although the current systematic review
and meta-analysis is supportive of the concurrent validity of alcohol demand as measured
by the APT, it cannot speak to the etiological or maintaining role of alcohol demand. This
meta-analysis suggests robust correlations (particularly for intensity and Onax) but cannot
speak to causation. Longitudinal studies on demand remain scarce, making them a high
priority for the future.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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