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Abstract

Behavioral weight loss reduces risk of weight-related health complications. Outcomes of

behavioral weight loss programs include attrition and weight loss. There is reason to believe

that individuals’ written language on a weight management program may be associated with

outcomes. Exploring associations between written language and these outcomes could

potentially inform future efforts towards real-time automated identification of moments or

individuals at high risk of suboptimal outcomes. Thus, in the first study of its kind, we

explored whether individuals’ written language in actual use of a program (i.e., outside of a

controlled trial) is associated with attrition and weight loss. We examined two types of lan-

guage: goal setting (i.e., language used in setting a goal at the start of the program) and

goal striving (i.e., language used in conversations with a coach about the process of striving

for goals) and whether they are associated with attrition and weight loss on a mobile weight

management program. We used the most established automated text analysis program,

Linguistic Inquiry Word Count (LIWC), to retrospectively analyze transcripts extracted from

the program database. The strongest effects emerged for goal striving language. In striving

for goals, psychologically distanced language was associated with more weight loss and

less attrition, while psychologically immediate language was associated with less weight

loss and higher attrition. Our results highlight the potential importance of distanced and

immediate language in understanding outcomes like attrition and weight loss. These results,

generated from real-world language, attrition, and weight loss (i.e., from individuals’ natural

usage of the program), have important implications for how future work can better under-

stand outcomes, especially in real-world settings.

Author summary

In efforts to improve outcomes of weight management programs such as weight loss and

dropout, research has started to explore automated interventions that act based on models

of digitally collected data. To build good models, it may be helpful to identify variables
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that are relevant for the outcomes and therefore should be considered. In this study, we

explored whether the language that individuals write during a weight management pro-

gram is relevant for outcomes; this question has not been studied yet. Previous research

has shown that psychologically distanced language (e.g., what the situation means) is asso-

ciated with better outcomes like academic performance or emotional control, while more

immediate language (e.g., the details of the situation) is related to worse outcomes. We

explored whether language during actual use of a program (Noom Weight) was associated

with weight loss and dropout. We examined language data gathered from the program

database using automatic language processing. We found that in interactions with a

coach, distanced language was associated with better outcomes (less dropout and more

weight loss) and immediate language was associated with worse outcomes (more dropout

and less weight loss). These results raise many directions for future intervention develop-

ment and highlight that this language should be considered and evaluated in the future.

Introduction

According to recent estimates, obesity affects more than 37% of adults in the US alone and is

associated with increased risk of cardiovascular and metabolic conditions [1,2]. Moderate

weight loss may significantly reduce the risk of weight-related health complications [3,4].

Behavioral weight loss programs help individuals to achieve moderate weight loss through

behavior change education and support [5]. Measurable outcomes of these programs include

weight loss and attrition, or the extent to which individuals drop off the program before receiv-

ing the full intervention. Understanding what behavioral factors are associated with weight

loss and attrition can be an initial step towards “offering special assistance, structure, therapist

contact and/or a more targeted intervention for those at highest risk of dropout” in future pro-

grams, with the ultimate goal of improving outcomes [6–9]. As an example, recent research

has sought to understand how to improve outcomes by leveraging continuously collected data

on digital (e.g., smartphone) platforms to identify real-time moments to intervene [10–12].

Algorithmic models are built to predict real-time at-risk moments, and they are initially

informed by knowledge about which characteristics or behaviors are associated with the out-

comes of interest [10,13]. Data such as self-reports of eating instances or smartphone metadata

(e.g., accelerometry and geospatial location) have been used in this context so far [14,13]. In

this study, we explore whether a new source of data, individuals’ language, reveals associations

with attrition and weight loss. Exploring these associations is a first step towards future efforts

in real-time identification or intervention that, ultimately, could help to improve outcomes

[10].

Specifically, in this study, we focus on individuals’ language during regular use of a weight

management program. In many programs, individuals write an initial goal (e.g., “Lose 10

pounds”, “become healthier”) or interact with a coach about their goals. This investigation is

theoretically and empirically motivated in two ways. First, the study is motivated by previous

research on individuals’ language. According to psycholinguistic theories, individuals’ words

reveal key information about their perspective, thoughts, or focus [15,16]. Decades of research

have shown that individuals’ words explain significant variation in health outcomes such as

the likelihood of alcohol relapse, physical and psychological health, and to some extent, weight

loss [17–20]. For example, there is a positive association between the number of words individ-

uals use related to processing and coming to new insights (e.g., “realize”, “because”) and health

improvements [16]. For goals specifically, an important predictive factor may be distanced (vs.

immediate) language. Various terms are used in the literature, such as narrative vs. categorical
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or analytical [21,22], or psychologically close vs. distanced [23,24]. Generally, individuals’

words range on a spectrum from immediate (e.g., focused on the details of the present

moment) to distanced (i.e., focused on abstract or analytical connections between concepts)

[21–25]. Work has demonstrated that immediate writing is marked by using more words tied

to the present situation such as personal pronouns (e.g., “I”, “you”), present-tense words, auxil-

iary verbs (“is”, “are”), and discrepancy words (“should”, “would”). Distanced language, on the

other hand, has more markers of abstract or analytical thinking such as articles (“the”, “a”) and

prepositions (“with”, “among”) [21,23,26]. As an illustration, consider a sentence such as, “I

should try harder to stick to my plan today” (immediate) compared to, “the idea of ignoring

the food is stressful” (distanced). Language that has markers of distanced language (vs. imme-

diate language) is associated with better (vs. worse) self-regulation and self-reported health in

correlational and experimental work [23–26]. This is likely because focusing on the details of

the present (e.g., how tasty this food smells) can deter individuals from their goals, while hav-

ing a more distanced, abstract, and higher level perspective could focus one’s attention on

broader motivations and reasons (e.g., why this food isn’t healthy) [27]. Therefore, the types of

words individuals use, such as markers of psychological distance, could be associated with

attrition and weight loss.

Second, the study is motivated by research suggesting that individuals’ written language

about goals may provide insight into outcomes such as weight loss success and attrition. To

our knowledge, there are no previous studies specifically exploring the relationship between

writing about goals and attrition or weight loss. However, previous work has shown that in

weight management interventions more broadly, individuals’ goals for weight loss are associ-

ated with attrition and weight loss [8,28,29], suggesting that exploring goals may be informa-

tive in the context of this study. Moreover, studies have shown that the way individuals write

about their goals is associated with outcomes in other domains such as subjective well-being

and academic performance [30,31]. This could be because, according to goal construal theory,

the way one frames a goal influences how well one can self-regulate towards that goal; for

example, as described previously, framing goals in terms of the “how” instead of the “why”

may focus attention on immediate temptations rather than a higher level motivation

[27,32,33]. Further, goal-setting theory stipulates that the way individuals conceive of their

goals, such as how important or difficult they perceive the goal to be, influences self-regulatory

behaviors and outcomes [34]. For instance, individuals show more goal persistence and suc-

cess when they perceive the goal to be sufficiently difficult [34]. Based on these studies, we

speculate that the way individuals conceive of, and ultimately express, their goals in writing

could relate to attrition and weight loss.

Therefore, in this study, we explore whether the words individuals use to describe their

goals are associated with attrition and weight loss. Additionally, the study expands on previous

work by distinguishing between goal setting and goal striving, two distinct components of

goals [30,35]. Goal setting describes setting an initial goal, while goal striving is the process

through which goals are pursued. In this retrospective study, we leverage a unique

dataset allowing us to examine the words that individuals used in goal setting and goal striving

during actual use of a digital program [36]. We collected the language used in goal setting (i.e.,

setting their overall goal at the start of the program) and goal striving (i.e., in goal striving con-

versations with coaches) by users of Noom Weight, a mobile behavior change program. Using

automated text analysis, we explored if this language was associated with attrition and weight

loss. Since this is the first study of its kind in the domain of weight management, we used the

closest equivalent studies to choose language variables and form hypotheses [19,23,37]. We

hypothesized that articles, auxiliary verbs, and prepositions (i.e, markers of distanced lan-

guage) would be associated with lower attrition and greater weight loss. We also hypothesized
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that personal pronouns, present-tense words, auxiliary verbs, and discrepancy words (i.e.,

markers of immediate language) would be associated with greater attrition and less weight

loss. Additionally, based on the patterns found in prior studies of language on weight loss blog

posts [19,37], we hypothesized that positive emotion words (“happy”), negative emotion

words (“sad”), cognitive processing words (“realize”, “know”), ingestion words (“eat”, “food”),

social words (“spouse”), and certainty words (“certain”, “definitely”) would be associated with

lower attrition and greater weight loss. We also hypothesized that tentative words would show

the opposite pattern (“maybe”, “perhaps”). We also explored future tense words since an orien-

tation towards the future could be beneficial for goal striving [38]. We did not a priori expect

different results for goal setting and goal striving.

Methods

This was a retrospective study in which text, weight, and activity data were extracted from the

Noom database and analyzed from baseline to however long participants remained on the pro-

gram, up to 16 weeks, which is the length of the core program.

Program

Noom Weight is a commercial digital behavior change program that has demonstrated aiding

in clinically meaningful weight loss in both observational and randomized controlled trials

[39,40]. Past studies have demonstrated moderate effect sizes for weight change on Noom that

range from 0.6 to 0.99 (Cohen’s d) [41,42]. Noom’s theoretical underpinnings are cognitive

behavioral therapy (CBT), motivational interviewing, and third-wave CBT techniques, which

all are effective for weight loss [43–45]. When users first start the program, they are asked to

write an overall goal. After the first goal, they are encouraged to write more personally mean-

ingful goals in text fields provided after a series of “why?” questions. All the text used in this

goal-setting exercise were combined (e.g., “Lose 10 pounds To be healthier To be able to enjoy

possible grandchildren”). Human coaches trained in motivational interviewing and goal set-

ting techniques help participants to break down their goal into smaller incremental goals and

to talk about barriers, facilitators, and thoughts surrounding each goal. At the time of this

study, coaches checked in with participants about their goal progress at least once a week in

text-based messages in the mobile program. We analyzed all language participants wrote to set

their overall goal and message their coach.

Participants

All participants had voluntarily signed up for the program online or in the app store due to

their own desire to lose weight. The Advarra IRB approved this study. All individuals analyzed

in this retrospective study provided written electronic informed consent at program sign-up

for their program data to be analyzed in retrospective research; all individuals were given the

option to opt out. All data, which was extracted from the program database retrospectively,

were fully anonymized before analysis. Individuals were eligible for this study if they had

signed up within the past 16 weeks at the time of data collection (September 2020), were

English-speaking users, and had completed the goal setting exercise within the past 16 weeks.

Data from the 4000 most recent signups meeting those criteria were initially extracted from

the database. Out of these 4000 individuals, 1351 set an initial goal, provided all baseline char-

acteristics of age, gender, weight, and height, and paid for the program. These criteria were

chosen to ensure adequate language and baseline data for models. We focused only on paid

users because it could be misleading to examine attrition in users who had no intention of pay-

ing for the program. One participant was excluded because of unrealistic responses to baseline
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characteristics (e.g., “0” years old). Thus, 1350 participants were included in goal setting analy-

ses. Out of those 1350, goal striving analyses included those sent at least 3 messages to the

coach (N = 1028). See Fig 1 for a diagram of inclusion.

Measures

Attrition. Attrition was calculated as a dichotomous variable. Since this is a publicly avail-

able commercial program that does not have a specified end date, we used 16 weeks since this

is the length of the core program. After 16 weeks, the psychoeducation shifts towards mainte-

nance and deeper exploration of previous topics. If participants’ last week of any in-program

action was equal to or greater than 16 weeks, they were coded as 0 (retained). If their last week

of an in-program action was before 16 weeks, they were coded as 1 (attrited).

Language. Goal-setting language was defined as the language individuals used in setting

their overall goal on the first day of the program. Goal-striving language was defined as the

text messages sent to the coach during goal striving conversations. Transcripts from individu-

als’ initial goal writing exercise and all of their messages to the coach were extracted from the

Noom database. The most common automated text analysis program, Linguistic Word

Inquiry Count (LIWC), was used to process and analyze language. LIWC contains pre-defined

categories of thousands of words that were built and validated with human coders [46]. For

example, the positive emotion category contains words such as “happy” and “excited”. LIWC

calculates the percentage of words in the text that fall into each category out of the total num-

ber of words used. In this way, LIWC takes into account differences in word count. The follow-

ing categories were analyzed: articles (“a”), personal pronouns (“I”), prepositions (“on”),

discrepancy (“should”), auxiliary verbs (“is”, “are”), present tense, future tense, positive emo-

tion (“happy”), negative emotion (“frustrated”), ingestion (“eat”), social (“friends”), insight

(“think)”, causation (“because)”, tentative (“maybe”), and certainty (“always”) words. Table 1

describes all the language categories analyzed.

Weight. Participants were encouraged, but not required, to self-report their weight on the

program every week. We extracted participants’ self-reported weight from the program data-

base and calculated weight loss via the difference between baseline weight and weight at 16

weeks. For participants who did not report their weight at 16 weeks, weight values were carried

forward via last observation carried forward.

Statistical analysis

All analyses were carried out in R (version 3.6.0) with an alpha of .05. Descriptive statistics are

expressed in means and standard deviations. Assumptions for linearity were checked and met.

Fig 1. Flow diagram of inclusion and exclusion.

https://doi.org/10.1371/journal.pdig.0000050.g001
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First, to assess associations with attrition and weight loss, univariate models with each lan-

guage marker were conducted. All univariate models controlled for age because retained and

attrited participants significantly differed on age. In addition, univariate models for weight

loss controlled for baseline BMI. Logistic regressions were used to predict the likelihood of

attriting, and linear regressions were used to predict the amount of weight loss. Next, because

numerous language markers were analyzed, we controlled for multiple comparisons with the

Benjamini-Hochberg correction with false discovery rate [47]. Finally, to assess which lan-

guage categories were most associated with attrition and weight loss above others, multivariate

models were conducted including covariates (age for attrition and age and BMI for weight

loss) and all language markers that were significant from the univariate models after multiple

comparison correction.

Results

Baseline characteristics

Descriptive characteristics for all participants, split by those who attrited or retained, are dis-

played in Table 2. Attrited and retained users did not differ on baseline BMI or gender but dif-

fered on age (range: 18 to 85). Attrited participants were younger (M = 43, SD = 13) than

retained participants (M = 46, SD = 13) for both goal striving and goal setting samples.

Retained users lost 5.2–5.3 kg (SD = 4.8) at 16 weeks, or 5.4–5.6% body weight (SD = 5.0%).

Attrited participants, on the other hand, lost 1.9–2.0 kg (SD = 2.5) when their last weight

observation was carried forward, which constituted 2.1–2.2% (SD = 2.7%).

Goal setting language

Attrition. Controlling for age, participants’ tentative words during goal setting were nega-

tively associated with attrition (odds radio [OR] = .91; 95% CI: .86, .97, p = .005). A one unit

increase in tentative words was associated with a .91 times reduction in the odds of attrition.

None of the other language variables significantly predicted attrition.

Weight loss. After adjusting for age and baseline BMI, only positive emotion words (B =

-.04-, 95% CI: -.08, -0.01, p = .01) and insight words (B = -0.07, 95% CI: -.12, -0.02, p = .01)

Table 1. All language categories analyzed and the most relevant scientific concept.

Language category Related concept Citation

Articles Distanced (vs. immediate) language Pennebaker et al 2014; Nook et al 2017

Prepositions Distanced (vs. immediate) language Pennebaker et al 2014

Auxiliary verbs Immediate (vs. distanced) language Pennebaker et al 2014

Personal pronouns Immediate (vs. distanced) language Pennebaker et al 2014; Nook et al 2017

Present tense Immediate (vs. distanced) language Pennebaker et al 2014; Nook et al 2017

Discrepancy words Immediate (vs. distanced) language Nook et al 2017

Positive emotion Emotion Tausczik & Pennebaker 2010

Negative emotion Emotion Tausczik & Pennebaker 2010

Insight words Cognitive processes Tausczik & Pennebaker 2010

Causal words Cognitive processes Tausczik & Pennebaker 2010

Tentative words Cognitive processes Tausczik & Pennebaker 2010

Certainty words Cognitive processes Tausczik & Pennebaker 2010

Differentiating words Cognitive processes Tausczik & Pennebaker 2010

Ingestion words Food/Weight Chung et al 2010

Social words Social relationships Tausczik & Pennebaker 2010

Future tense Future goal orientation Tausczik & Pennebaker 2010

https://doi.org/10.1371/journal.pdig.0000050.t001
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were associated with greater weight loss. However, these became not significant when adjust-

ing for multiple comparisons.

Goal striving language

Attrition. As expected, in goal striving conversations, after adjusting for age and multiple

comparisons, personal pronouns, discrepancy words, present tense words, and auxiliary verbs

(all markers of immediate language) were associated with higher likelihood of attrition

(Table 3; all ps < .02). For example, a one-percent increase in personal pronouns was associ-

ated with a 1.13 times increase in the odds of attrition (OR = 1.13, 95% CI 1.08, 1.18; p< .001).

Articles, a marker of distanced language, were associated with lower likelihood of attrition

(OR = 0.86, 95% CI 0.80, 0.93; p< .001). A one-percent increase in articles was associated with

a .86 times reduction in the odds of attrition. Thus, more distanced language (articles) was

associated with lower likelihood of attrition, and markers of immediate language (pronouns,

discrepancy words, present tense words, and auxiliary verbs) were associated with greater like-

lihood of attrition.

A multivariate model was conducted with language categories that had been significant in

univariate logistic regressions after multiple comparison adjustment (personal pronouns, dis-

crepancy words, present tense words, articles, auxiliary verbs). In this multivariate model, per-

sonal pronouns, discrepancy words, and auxiliary verbs were significantly associated with

Table 2. Baseline characteristics for attrited and retained participants.

Participants included in goal striving analyses Participants included in goal setting analyses

Attrited (n = 726) Retained (n = 624) p Attrited (n = 496) Retained (n = 525) p
Program duration (weeks), mean(SD) 7.3 (3.9) 16 (0) < .001 7.8 (3.9) 16 (0) < .001

Age(years), mean(SD) 42.8 (12.9) 46.4 (13.1) < .001 42.8 (13.3) 46.2 (13.2) < .001

Baseline BMI, mean(SD) 32.4 (11.0) 33.3 (7.6) .09 32.5 (9.8) 33.5 (7.7) .10

Gender, n(%) .47 .10

Female 602 (82.9%) 507 (81.3%) 425 (85.7%) 435 (87.7%)

Male 124 (17.1%) 117 (18.7%) 71 (14.3%) 89 (17.9%)

Weight loss (kg) 1.9 (2.5) 5.2 (4.8) < .001 2.0 (2.5) 5.3 (4.8) < .001

Weight loss (%) 2.1 (2.7) 5.4 (5.0) < .001 2.2 (2.7) 5.6 (5.0) < .001

Note: Weight loss was calculated by weight at week 16 (retained) or carrying forward observations to week 16 (attrited) for participants who entered baseline weight and

at least one other weight observation.

https://doi.org/10.1371/journal.pdig.0000050.t002

Table 3. Goal striving: Significant univariate age-adjusted associations between language categories and attrition during goal striving (logistic regressions).

Covariate Related concept B SE Wald p OR 95% CI

Articles Distanced (vs. immediate) language -0.15 0.04 -3.72 < .001�� 0.86 (0.80, 0.93)

Auxiliary verbs Immediate (vs. distanced) language 0.14 0.03 5.26 < .001�� 1.15 (1.09, 1.21)

Personal pronouns Immediate (vs. distanced) language 0.12 0.02 5.26 < .001�� 1.13 (1.08, 1.18)

Present tense Immediate (vs. distanced) language 0.09 0.02 4.15 < .001�� 1.10 (1.05, 1.15)

Discrepancy words Immediate (vs. distanced) language 0.24 0.06 4.00 < .001�� 1.27 (1.13, 1.43)

Tentative words Cognitive processes -0.11 0.05 -2.494 .01� 0.89 (0.81, 0.97)

Future tense Future goal orientation -0.14 0.06 -2.26 .02� 0.87 (0.77, 0.98)

Note: For the sake of readability, results for all language categories (including non-significant results) are presented in S1 Text Table C.

� denotes significance without multiple comparison adjustment

�� denotes significance with multiple comparison adjustment

https://doi.org/10.1371/journal.pdig.0000050.t003
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higher likelihood of attrition (S1 Text Table D, all ps < .03). Only articles and present tense

words were not associated with attrition.

Weight Loss. Aligning with the attrition results, for weight loss, greater use of personal

pronouns, auxiliary verbs, discrepancy words, and present tense words (markers of immediate

language) were associated with less weight loss in univariate regressions after adjustment for

multiple comparisons, age, and baseline BMI (Table 4, all ps < .001). Articles and prepositions

(markers of distanced language) as well as future tense words were associated with more

weight loss (all ps< .001). In a multivariate model with all of these significant language catego-

ries, only personal pronouns, discrepancy words, and future tense words were significant (all

ps< .04; S1 Text Table D). Personal pronouns and discrepancy words were associated with

less weight loss, while future tense words were associated with greater weight loss.

Table 5 presents a summary of the results.

Discussion

In this study, we used automated text analysis to observe if individuals’ language in goal setting

and striving on a mobile program related to outcomes of attrition and weight loss. Results

revealed that certain types of language are associated with attrition and weight loss. We

explored the types of words (i.e., language markers) used to set short initial goals at the start of

Table 4. Goal striving: Significant univariate age and BMI-adjusted associations between language categories and weight loss during goal striving (linear

regressions).

Covariate Related concept B (95% CI) SE t p Cohen’s f2

Articles Distanced (vs. immediate) language 0.26 (0.10, 0.41) 0.08 3.29 .001�� .01

Auxiliary verbs Immediate (vs. distanced) language -0.15 (-0.24, -0.06) 0.05 -3.21 .001�� .01

Personal pronouns Immediate (vs. distanced) language -0.23 (-0.31, -0.14) 0.04 -5.15 < .001�� .03

Present tense Immediate (vs. distanced) language -0.17 (-0.26, -0.09) 0.04 -4.04 < .001�� .01

Discrepancy words Immediate (vs. distanced) language -0.40 (-0.62, -0.17) 0.11 -3.47 < .001�� .01

Future tense Future goal orientation 0.45 (0.20, 0.69) 0.12 3.61 < .001�� .01

Note: For the sake of readability, results for all language categories are presented in S1 Text Table E.

� denotes significance without multiple comparison adjustment

�� denotes significance with multiple comparison adjustment. Bs represent unstandardized betas. A Cohen’s f2 of .02 is estimated to be a small effect size.

https://doi.org/10.1371/journal.pdig.0000050.t004

Table 5. Summary of the language categories showing significant associations with each type of goal language and outcome.

Univariate Analyses Multivariate Analyses

Attrition Weight Loss Attrition Weight Loss

Goal Setting Certainty words (-)�

Tentative words (-)��
Positive emotion (+)�

Insight words (+)�
– –

Goal Striving Articles (-) ��

Auxiliary verbs (+) ��

Personal Pronouns (+) ��

Present tense (+)��

Discrepancy words (+) ��

Tentative words (-)�

Future tense (-) �

Articles (+)��

Auxiliary verbs (-)��

Personal Pronouns (-)��

Present tense (-)��

Discrepancy words (-)��

Prepositions (+)��

Future tense (+)��

Auxiliary verbs (+)���

Discrepancy words (+)���

Personal pronouns (+)���

Future tense (+)���

Discrepancy words (-)���

Personal pronouns (-)���

Note: (-) denotes a negative association and (+) denotes a positive association

� denotes significance without multiple comparison adjustment

�� denotes significance with multiple comparison adjustment

��� denotes significance in one multivariate analysis (with no multiple comparisons)

https://doi.org/10.1371/journal.pdig.0000050.t005
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a program (goal setting) or in conversing with a coach about daily efforts to achieve those

goals (goal striving). Outcome measures were attrition and weight loss. We found that the

strongest effects emerged for psychologically immediate or distanced language in goal striving,

with similar results for both attrition and weight loss. As hypothesized, markers of immediate

language were associated with worse outcomes (i.e., higher likelihood of attrition and lower

weight loss), and markers of distanced language were associated with better outcomes (i.e.,

lower likelihood of attrition and higher weight loss) in univariate models. In multivariate mod-

els, some markers of immediate language predicted lower likelihood of attrition and weight

loss over and above markers of distanced language. Additionally, future tense words were asso-

ciated with greater weight loss in both univariate and multivariate models. The results for goal

setting were more limited than for goal striving. Unexpectedly, tentative language in goal set-

ting was associated with lower likelihood of attrition. For weight loss, goals set with more posi-

tive emotion and insight words were associated with better outcomes. Overall, effects for goal

striving may have been stronger than for goal setting because many more words are used in

conversations with a coach as opposed to setting an initial goal. We also speculate that in con-

sistent conversation with a coach about one’s goals and progress, there is greater opportunity

to engage in more distanced, analytical thinking (e.g., overall patterns) or to focus attention on

the immediate (e.g., what I should do today) than in setting one initial goal. Below, we will first

describe the results for goal striving, followed by the findings for goal setting.

Goal striving

Attrition and weight loss. As noted previously, in univariate analyses, we found that

markers of psychologically immediate language were associated with worse outcomes and

markers of distanced language were associated with better outcomes for both attrition and

weight loss. Our findings closely corroborate previous work. Previous studies have consistently

found that markers of immediate language are associated with worse outcomes and markers of

distanced language associated with better outcomes such as emotional regulation, college

GPA, and self-reported health [21,23,25]. Because we found the same pattern within the

domain of weight management, these language markers (pronouns, discrepancy words, auxil-

iary verbs, present tense words, articles, and prepositions) may be associated with outcomes

across other behavior change domains. Future work should ascertain the extent to which these

language markers are informative for other behavior change domains involving different types

of behaviors than those relevant to weight management. Future work should also directly com-

pare associations for multiple outcomes and behavior change domains to ascertain when this

language is informative and when it is not.

Going beyond univariate models, when significant language markers were combined

together in multivariate analyses, markers of immediate language remained significant while

markers of distanced language were no longer significant. This result occurred for both attri-

tion and weight loss. Previous studies had either combined immediate and distanced language

markers into one factor or examined associations between each individual marker and out-

comes [21,23], which does not provide information about the relative importance of each

marker compared to others. Our multivariate results suggest that psychological distance could

be helpful to some extent, but focusing on the immediate is more strongly related to negative

outcomes. This notion aligns with previous work which, taken altogether, suggests that focus-

ing on the present is relevant for and can undermine weight management efforts. This body of

work is based on the idea that in current Western obesogenic environments, an overabun-

dance of highly available and palatable foods, along with reward-based neurobiological drives,

create many opportunities for overwhelming immediate temptations [48,49]. Smells or
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pictures in the immediate vicinity can even activate neural pathways related to eating that can

spur eating behavior [50]. Focusing on the immediate present, with its temptations with pow-

erful immediacy, could impair effortful control of eating behavior, which is an important com-

ponent of weight management [51,52]. Therefore, it is possible that immediate language was a

stronger signal of outcomes than distanced language because of the many instances of manag-

ing, avoiding, and preventing immediate food-based temptations during weight management

and the importance of controlled eating behaviors in weight-related behavioral change. How-

ever, future research should test this explanation.

The results explained above applied to both attrition and weight loss. While the results were

largely similar for both outcomes, there were a few minor differences. First, in univariate anal-

yses, prepositions were significant for weight loss but not for attrition. Prepositions are not

included in all conceptualizations of distanced language [23], so it is possible that prepositions

show weaker or less consistent effects than other markers that are better understood to be a

marker of distanced language. Second, future tense words were associated with greater weight

loss in both univariate and multivariate models, but were not as strongly associated with attri-

tion. To our knowledge, this is the first time that future tense words have been found to be

associated with greater weight loss. Research suggests that an orientation towards the future

can reduce impulsivity (e.g., overeating episodes), and that future tense words are associated

with fewer risky behavioral outcomes [53,54]. One example of an orientation towards the

future is delayed discounting, which is the tendency to prefer short term gain over long term

rewards [55]. According to a burgeoning literature, greater delayed discounting (i.e., valuing

immediate rewards more than longer-term rewards) is associated with weight gain, and

reduced delayed discounting is associated with weight loss [55,56]. Studies suggest that reflect-

ing on the future via episodic future thinking (e.g., imagining future outcomes of present

actions) may reduce delayed discounting [53,57]. Further, there is initial evidence that future

tense words are used when reflecting on the future [58]. It is possible, then, that future tense

words exert effect on weight loss through episodic future thinking and delayed discounting, in

which future tense words are used when individuals reflect on the future, which reduces

delayed discounting, which then increases weight loss. This mediational pathway should be

tested in future research. However, another study showed that individuals randomly assigned

to focus on the future, such as one’s future ideal outcomes, did not experience greater weight

loss than those who were assigned to focus on the past (e.g., one’s past self or behaviors) [59].

Clearly, more work is needed to ascertain how future tense words are related to weight loss.

Goal setting

Results for goal setting were not significant after adjusting for multiple comparisons; however,

we describe possible explanations for the results in more detail below in case they can still

inform future studies or predictive algorithmic models.

Attrition. To our knowledge, this is the first study to report that tentative language in

forming goals was associated with lower likelihood of attrition. In the absence of similar stud-

ies, we speculate that these results could be related to intrinsic goals. We speculate that the type

of writing exercise lent itself to a positive relationship between tentative language and attrition.

When joining this program, as seen in previous studies of other programs [60,61], individuals

usually have a clear weight goal in mind (e.g., lose 10 pounds). Thus, we would not expect ten-

tative language to be used when setting the first layer of their goal. Instead, we would expect

tentative language to appear in subsequent higher-level responses as individuals responded to

a series of “why” questions (e.g., “lose 10 pounds”, “why?”, “to be healthier”) about the deeper

reasons they want to achieve their goal. As a result, tentative language was most likely used
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when participants explored other personally relevant goals than a specific goal weight (e.g.,

“perhaps feeling more confident”, “maybe having more energy”, “to play with and enjoy possi-

ble grandchildren”). Tentative language tends to be used when pondering or thinking through

a new idea or concept [22], and tentative language was significantly correlated with insight

words (“realize”) in this data (r = 1.8, p< .001). Thus, we speculate that tentative language

may have been used more in exploring higher-level, more intrinsic (i.e., deeply personally rele-

vant) goals. Intrinsic goals are associated with lower attrition in behavior change interventions

[62,63]. Future work should test this potential explanation and explore whether tentative lan-

guage in other types of behavior change programs predicts attrition.

Weight loss. For weight loss, goal setting language of positive emotion (“happy”, “satis-

fied”) and insight words (“realize”, “think”, “know”) were associated with greater weight loss

in univariate models. These results are consistent with work suggesting that positive emotion

and insight words, in combination, may reflect broadened cognitive and behavioral flexibility

[64]. This program is based on cognitive behavioral therapy (CBT) and third-wave CBT,

which seek to improve cognitive flexibility, helping individuals to reframe their goals and expe-

riences in broader and more accepting contexts [65,66]. Greater cognitive flexibility is also

more generally associated with greater weight loss [67,68]. Thus, it is possible that positive

emotion and insight words reflected cognitive flexibility and broadening, which was then

related to weight loss. Future work should test this potential mediational pathway, such as

exploring whether initial goals with more insight and positive emotion words lead to more

weight loss through greater cognitive flexibility.

Other findings

Significant results did not emerge for expected language categories like positive emotion, nega-

tive emotion, ingestion words (“eat”, “food”), and social words, and all cognitive processing

words except for insight and tentative words. These variables were chosen based on the closest

relevant study, which found associations between these words and attrition using language

sourced from online weight loss blogs [37]. The difference in results could be because weight

loss blogs are affiliative spaces in which individuals want to connect with others and express

their thoughts and emotions; the more emotion is expressed, the more engagement on the

blog increases [69–71]. Therefore, perhaps writing or processing emotionally is more closely

connected to retaining if defined in terms of continuing to write on the blog. In contrast,

retaining on a weight loss program may not be as closely tied to emotional expression and cog-

nitive processing. In our past work, we found in a sample of individuals who were active, and

thus retained, for 16 weeks, negative emotion words significantly increased over time [36].

This along with the current findings suggest that emotion is not a strong indicator of attrition

in this context. Future work should explore language used on a variety of programs and set-

tings. As weight management programs grow in popularity and reach, more research should

investigate the language that can help to understand how to improve outcomes like attrition

and weight loss.

Practical implications

Now that overall associations have been found between immediate or distanced language and

outcomes like weight loss and attrition, predictive models can include and further examine

these variables to identify high-risk moments or individuals based on their language. Beyond

identification, just-in-time interventions could also provide real-time intervention based on

language. In previous studies, just-in-time interventions have provided an in-time interven-

tion encouraging participants to change their behavior in some way [12]. In this case, the
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intervention could be to encourage individuals to write in a less immediate and more dis-

tanced way. In previous studies using experimental designs, individuals were randomly

assigned to write in more distanced or more immediate ways despite their natural writing ten-

dencies. Importantly, individuals in the distanced writing conditions showed evidence of bet-

ter emotional regulation than individuals in the immediate conditions [23]. It may be possible,

then, that asking individuals to write in more distanced (and less immediate) ways may

improve weight loss and attrition. Future research should use experimental designs to evaluate

this question. Further, since previous studies have only compared distanced writing to imme-

diate writing, future research should also directly compare conditions that have been asked to

write naturally to conditions asked to write with more distance or immediacy in order to ascer-

tain whether one type is most effective.

Limitations

While the observational design allowed us to analyze individuals’ language from real-time use

of the program, the correlational design poses limitations. First, it is unknown whether lan-

guage is independently exerting effect, as in the experimental studies described above, or

whether it exerts an indirect effect by solely acting as a proxy for other psychological factors.

Regardless of the causal role of language, this particular study sought to explore if spontane-

ously written goal language gathered from actual use of the program is associated with attrition

and weight loss. Future studies should extend these findings by investigating mediating and

moderating relationships between language variables and other demographic and psychologi-

cal characteristics. For example, does educational attainment or socioeconomic status moder-

ate the relationships shown here? There is initial evidence suggesting that distanced language

is positively correlated with educational achievement and socioeconomic status [21, 72]. This

is thought to be because distanced writing involves writing, and thus thinking, in an analytical

and abstract manner [21]. In the present study, we controlled for demographic differences

between participants in attrition (age) and for both age and baseline BMI in weight analyses,

but future work should control for demographics such as educational attainment or socioeco-

nomic status, which could conceivably be related to one’s tendency to use either distanced and

analytical or immediate and narrative language. A psychological factor that may be important

to consider is construal level. As previously described, a low level goal construal focuses on

concrete details (e.g., this food smells good), while a high level construal of goals focuses on

broader motivations to perform a behavior (this food is healthy) [27]. Earlier, we speculated

that this is why distanced language is associated with less attrition and better weight loss.

Future research should examine whether construal level mediates, and ultimately explains, the

relationships between distanced or immediate language and outcomes. We also used a self-

selected sample of individuals who voluntarily joined this program. This is not representative

of all individuals who might intentionally lose weight. Future studies could consider adding

writing prompts to general population surveys or studies. For example, if general population

surveys of intentional weight management are conducted longitudinally, open-ended fields

could be added in which individuals are asked to write down all of their relevant thoughts for

15 minutes (see [15] for example prompts). Another limitation is that self-reported weight was

used, rather than weight measurements that were recorded and validated in person. Future

studies should examine if the findings replicate with objective measurement of weight. Finally,

it should be noted that the LIWC program uses pre-defined categories that, like all closed dic-

tionary approaches, may not accurately classify complex contexts such as sarcasm. Future

research should use analysis of closed and open approaches to investigate language in attrition

and weight loss. Open approaches, while computationally intensive, leverage machine-learning
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and natural language processing to enable learning patterns based on words often used

together [72].

Conclusion

To our knowledge, this is the first study to show that the language used on a weight manage-

ment program is associated with outcomes. Thus, our results are among the first to identify

individuals’ language, which has not been studied much previously, as relevant and informa-

tive for weight management interventions. This raises directions for future research to

improve intervention development and ascertain whether language is informative in other life-

style behavior change interventions. Our results suggest that psychologically distanced lan-

guage, and in particular, immediate language, are most informative. In both univariate and

multivariate models, immediate language markers such as personal pronouns, discrepancy

words, and auxiliary verbs were associated with attrition, and personal pronouns, discrepancy

words, and future tense words were associated with weight loss. In terms of goal setting, tenta-

tive words for attrition or positive emotion and insight words for weight loss could be informa-

tive, but future work should corroborate these results. Future work should examine whether

individuals assigned to write in these ways could experience improved outcomes, the feasibility

and effectiveness of just-in-time triggers to write with more distance, and the effects of dis-

tanced writing compared to writing naturally or immediate writing. A next step for future

research is also to examine how language compares to other common psychological factors,

such as conscientiousness, that can only be measured via self-report, as well as to explore how

to combine language and self-reported measurements most effectively.
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