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Abstract
Background Few have examined nutrition literacy (i.e., 
capacity to process and make informed nutritional deci-
sions) in behavioral weight loss. Nutrition literacy (NL) 
may impact necessary skills for weight loss, contributing 
to outcome disparities.
Purpose The study sets out to identify correlates of NL; 
evaluate whether NL predicted weight loss, food record 
completion and quality, and session attendance; and 
investigate whether the relations of race and education 
to weight loss were mediated by NL and self-monitoring.
Methods This is a secondary analysis of 6-month behav-
ioral weight loss program in which overweight/obese 
adults (N = 320) completed a baseline measure of NL 
(i.e., Newest Vital Sign). Participants self-monitored cal-
oric intake via food records.
Results NL was lower for black participants (p < .001) 
and participants with less education (p  =  .002). Better 
NL predicted better 6-month weight loss (b  =  −.63, 
p = .04) and food record quality (r = .37, p < .001), but 
not food record completion or attendance (ps > 0.05). 
Black participants had lower NL, which was associated 
with poorer food record quality, which adversely affected 
weight loss. There was no indirect effect of education on 
weight loss through NL and food record quality. 

Conclusions Overall, results suggest that lower NL is 
problematic for weight loss. For black participants, 
NL may indirectly impact weight loss through quality 
of self-monitoring. This might be one explanation for 
poorer behavioral weight loss outcomes among black 
participants. Additional research should investigate 
whether addressing these skills through enhanced treat-
ment improves outcomes.
Clinical trial information NCT02363010.
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Nutrition literacy (NL), defined as an individual’s cap-
acity to obtain, process, and understand information 
necessary for making appropriate nutrition decisions 
[1], is an increasingly important concept in health pro-
motion. Previous studies have examined the relation 
of NL to caloric intake and body mass index (BMI; [2, 
3]; however, research is limited in the context of behav-
ioral weight loss outcomes [4]. One of the few studies 
in this area found that nonresponders had lower nutri-
tion knowledge than those who lost at least five pounds 
[4]. Research on health literacy, a broader construct that 
encompasses NL, and behavioral weight loss is also lim-
ited [5], but there is an indication that health literacy 
may be related to intervention outcomes. For example, 
one study of a worksite wellness program [4] found that 
health literacy moderated weight loss [6]. The limited 
research on NL in behavioral weight loss programs war-
rants a remedy as evidence suggests that NL is a modifi-
able factor that may affect weight loss success [4]. In fact, 
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interventions to improve NL for individuals with obesity 
may enhance treatment response [7].

The ways in which lower NL may pose challenges for 
individuals engaged in behavioral weight loss interven-
tions remain unknown; however, one potential pathway 
is through skill development. Specifically, NL levels 
might impact the ability to learn and practice self-moni-
toring skills necessary to adopt and maintain a low-cal-
orie diet. Preliminary evidence suggests that participants 
with lower NL have greater challenges in self-monitoring 
intake [8]; this could compromise behavioral weight loss 
outcomes since accurate and consistent self-monitoring 
of calorie intake is a crucial skill for successful weight 
loss [9, 10]. Previous experience with behavioral weight 
loss attempts that emphasize meeting calorie goals in 
conjunction with self-monitoring (i.e., lifestyle modifi-
cation programs), especially experiences that were more 
successful from a weight loss perspective, may serve as 
NL skill-building opportunities. Consistent with pre-
vious findings that those who were exposed to dietary 
counseling gained more nutrition knowledge than those 
in usual care [11], the literature potentially supports an 
association between a history of lifestyle dieting and NL.

Lower NL, and associated limitations in self-moni-
toring caloric intake, may contribute to the suboptimal 
weight losses that are faced by a substantial portion of 
participants in behavioral weight-loss interventions [12–
14]. In particular, black participants lose approximately 
half  as much weight as white participants in behavioral 
weight loss [15–17]. Literature also suggests that edu-
cational status may impact weight loss [18]. Given the 
importance of understanding why gaps in treatment out-
comes occur, examination of differences in NL accord-
ing to participant characteristics is warranted.

The Newest Vital Sign (NVS) is a relatively new meas-
ure of NL [19] that has been examined in a limited num-
ber of interventions related to weight (i.e., stepped care, 
weight gain prevention) [7, 20]; no research to date has 
examined the NVS in relation to weight lost in a behav-
ioral weight loss program. Given that standard behav-
ioral weight loss is considered the first-line treatment 
for obesity, examining whether the NVS is related to 
outcome in this context is crucial. Because the NVS is a 
brief  measure that quickly identifies low NL [19], it may 
provide efficient treatment guidance for those struggling 
with behavioral weight loss. This is the first article to 
examine the relation of NVS scores to both weight loss 
and weight control behaviors in a standard, group-based 
behavioral weight loss program.

This study aimed to fill the existing gaps in the liter-
ature as follows: (a) identify participant characteristics 
and behavioral factors associated with NL; (b) deter-
mine whether NL predicts 6-month (6M) weight change; 
(c) examine whether NL predicts food record comple-
tion, food record quality, and session attendance; and (d) 

explore whether the relations of race and education to 
6M weight change were mediated by NL and self-mon-
itoring. We also planned to conduct exploratory analy-
ses to determine whether demographic variables might 
have bearing on analyses related to our study aims. Our 
hypotheses were as follows: (a) black participants and 
participants with less education would have lower NL; 
(b) previous exposure to programs emphasizing NL (i.e., 
lifestyle modification weight loss attempts) would be 
associated with higher NL; (c) lower baseline NL would 
predict less 6M weight loss; (d) lower NL would be asso-
ciated with lower rates of food record completion, lower 
food record quality, and lower session attendance; and 
(e) lower NL would result in poorer food records, which 
would adversely impact 6M weight loss for black partici-
pants, and those with less education, respectively.

Methods

Participants and Procedures

Participants were 320 overweight and obese individ-
uals (22% men) who received 16 sessions of a uniform 
behavioral weight loss intervention over 6M as part 
of a larger weight loss study before being randomized 
to one of three weight loss maintenance conditions 
(NCT02363010). The parent study compared whether 
following standard behavioral weight loss intervention 
with physical activity focused treatments, one behavioral 
and one acceptance based, respectively, would improve 
weight loss maintenance over continuation of standard 
behavioral weight loss. This study is a secondary analysis 
of data from the initial 6M weight loss induction period 
prior to randomization.

Groups of 10–15 participants were led by doctor-
al-level clinicians. Content for the initial 6M of treat-
ment was based on the Diabetes Prevention Program 
and Look AHEAD [21, 22]. Participants’ goals were 
designed to achieve a 10% weight loss over 6M. Standard 
physical activity goals were provided, starting at 45 min 
per week and uniformly progressing to 250 min per week. 
Additionally, they were asked to complete detailed daily 
food records to self-monitor their caloric intake and to 
set specific calorie goals within the ranges provided (i.e., 
1200–1500 per day for those <250 lbs. and 1500–1800 
per day for those ≥250 lbs.). Since meal planning is a 
key skill in standard behavioral weight loss, session con-
tent included brief  education on reading nutrition facts 
labels, weighing/measuring foods, and portion size esti-
mation. Participants were instructed on how to com-
plete food records, emphasizing the inclusion of calories, 
timing of meals/snacks, and portion size. Recording of 
micro and macronutrients was not recommended as par-
ticipants were free to consume any foods/beverages they 
wished that fit within calorie goals.
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Most participants were white (70%). The remaining 
were African American/black (25%), multiracial (3%), 
Asian (2%), and American Indian/Native Alaskan (<1%). 
The sample was 4% Hispanic/Latino. Educational sta-
tus was as follows: graduate/professional degree (44%), 
bachelor’s degree (33%), associate’s degree/some college 
(18%), and high school/general equivalency diploma 
(GED) (5%). Few participants (14%) identified their 
household income as $50,000 a year or less. Others were 
as follows: $50,000–$125,000 (49%); $125,000–$200,000 
(25%); and more than $200,000 (10%).

Participants were recruited over 1.5 years beginning 
in 2014 from a Mid-Atlantic metropolitan area using 
newspaper, radio, and direct mail ads. University-
affiliated primary care practices also participated in 
recruitment. Participants were eligible if  they had a 
BMI between 27 and 45  kg/m2, were 18- to 70-years 
old, and able to participate in physical activity. 
Participants were excluded if  they (a) had previous 
bariatric surgery and/or acceptance-based therapy; (b) 
were currently or recently on weight-affecting drugs; 
(c) had ≥5% weight loss in the last 6M; (d) had sig-
nificant medical or psychiatric conditions (e.g., eating 
disorders and psychosis) that might impact partic-
ipation in treatment; or (e) were nursing, pregnant, 
or planning to become pregnant. The Institutional 
Review Board approved this study; all participants 
gave informed consent.

Measures

Demographic characteristics

Participants self-reported age, gender, race, ethnicity, 
education, and annual household income at baseline via 
online or paper survey.

Nutrition literacy

NL was assessed using the NVS [19] at baseline. 
Participants interpret and utilize information on a 
standard Food and Drug Administration-approved 
nutrition label, with one point awarded for each cor-
rect answer out of  a maximum of  6. Standard admin-
istration protocol was used; staff  asked questions 
verbally and scored responses on an answer sheet. 
Higher scores indicate greater NL; scores ≥4 indicate 
adequate NL. It has shown good internal consistency 
(Cronbach’s a = 0.76) and criterion validity (r = .59, p 
< .001) [19].

Previous lifestyle dieting attempts

At baseline, participants completed the Weight and 
Lifestyle Inventory [23], which assesses history of life-
style dieting attempts and pounds lost.

Food records

Participants’ weekly food records of caloric intake at 
Sessions 2, 8, and 14 were coded for quality by a clinical 
staff  member. Since 2 weeks of food records were col-
lected at Session 14, we sampled 28 days of food record 
data. Participants were not made aware of which weeks’ 
records would be coded. Participants were free to choose 
their format for food records (e.g., paper and mobile app); 
those who used an electronic method provided a print 
out. Quality coding was based on the extent to which 
key elements were included throughout the food record 
using criteria operationalized for this study (e.g., timing 
of meals/snacks, portion size, and calories). Staff  also 
tallied the number of days food records were completed 
for the three sessions above. A subsample of records also 
received coding from a second staff  member. Agreement 
among coders was good (Krippendorff  alpha  =  0.83). 
Means for completion and quality were calculated across 
the three sessions to represent average levels across treat-
ment for analyses and ranged from 0% to 100%. Anchors 
were specified for quality to aid in operationalization 
(e.g., 75% quality indicated ≥75% of calorie and portion 
size information was present, with at least half  of timing 
of meals/snacks allowed to be missing). Higher means 
indicated higher completion and quality.

Weight

Participants were weighed in light clothing on a digi-
tal scale (Tanita model WB-3000) at baseline and 6M. 
Weight loss was calculated as the percentage lost at 6M 
from baseline.

Attendance

Attendance at each of the 16 group sessions was recorded 
by staff  and summed.

Analytic Plan

Data were analyzed with SPSS version 23 [24]. 
Descriptive statistics were computed using means, 
standard deviations, and frequencies. Correlations 
identified the relation of  NL to participant character-
istics and behavioral factors; ANOVAs evaluated dif-
ferences in NL for categorical variables. We examined 
whether NL predicted weight change with a regression 
analysis using last observation carried forward to min-
imize potential bias due to missing 6M weight data, 
controlling for relevant participant characteristics that 
were significantly related to NVS, as identified through 
the analyses performed in Aim 1.  Preliminary evalua-
tions of  the relations of  NL to food record completion, 
food record quality, and session attendance were per-
formed via correlations. Additional evaluations of  the 
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relation between NL, food record quality, and weight 
change were conducted using separate serial mediation 
analyses for race and education, controlling for rele-
vant participant characteristics as above, using Hayes’ 
PROCESS model [25]. We screened for potential multi-
collinearity via variance inflation factor (VIF) and did 
not find cause for concern in our models (all VIF values 
<1.3). Because black and white participants comprised 
95% of our sample and dichotomization would facili-
tate interpretation of  differences, we excluded the 5% 
of participants of  other races from further analyses. 
To also aid interpretation, education was dichotomized 
to reflect differences in NVS between those with high-
school degrees and those with college degrees or higher. 
Given that NL was hypothesized to impact subsequent 
skill development for recording food, our models were 
ordered with NVS as the first mediator, affecting food 
record quality.

Results

Descriptive Information

Table 1 displays the means and standard deviations for 
NL, age, baseline BMI, the number of previous lifestyle 
diet attempts, weight loss from previous lifestyle diets, 
food record completion, food record quality, and treat-
ment session attendance. Overall, the sample had rela-
tively high NL (M = 5.13, SD = 1.15). Approximately 
10% (n = 32) of participants had total NVS scores below 
the adequate NL range.

Participant Characteristics and Behavioral Factors 
Associated With NL

An ANOVA indicated significant differences in NL by 
race (F (3, 315) = 7.64, p < .001, R2 = .07); however, a 
Bonferroni post-hoc test revealed that the only group 
difference was between white (M = 5.32, SD = 0.99) and 
black participants (M = 4.64, SD = 1.33; p < .001). There 
were significant differences in NL by education level (F 
(3, 316) = 4.95, p = .002, R2 = .05), between those with 
a high-school diploma/GED (M = 4.35, SD = 1.46) dif-
fering from those with bachelor’s degrees (M  =  5.25, 
SD = 1.16, p = .02) and those with graduate/professional 
degrees (M = 5.25, SD = 1.03, p = .01). There were no 
differences in NL by gender, ethnicity, or income, and 
NL was not correlated with baseline BMI (all ps > .05). 
It was significantly negatively correlated with age, mar-
ginally positively correlated with previous lifestyle diet 
attempts (p = .05), and weight loss from previous lifestyle 
diets (p = .06; Table 1).

Relation of NL to Weight Change

A regression analysis examining whether baseline NL 
predicted 6M percent weight loss, controlling for age, 
education, and race, was significant (F (4, 300) = 4.06, 
p = .003, R2 = .05). Baseline NL significantly predicted 
(b = −.63, t (300) = −2.06, p = .04) 6M percent weight 
loss, such that weight loss was 0.63% better for every 
point higher in NVS scores. Since the NVS has a 6-point 
score range, this suggests that weight loss could differ by 

Table 1  Means, Standard Deviations (SD), and Bivariate Correlations Among Variables of Interest

Mean (SD) 1 2 3 4 5 6 7 8 9

1. Nutrition literacy 5.13 (1.15) 1 −.12* −.06 −.16** .11 .18 .03 .15** .10

2. 6M weight loss (%) −9.17 (5.69) 1 −.01 −.14** .04 −.06 −.21*** −.40*** −.46***

3. BL BMI (kg/m2) 35.09 (4.74) 1 −.17** −.08 .10 .02 −.05 −.13*

4. Age (years) 52.74 (10.32) 1 .01 .01 −.02 .04 .14*

5. Number of previ-
ous lifestyle diet 
attempts

0.70 (1.22) 1 .62*** −.01 .02 −.09

6. Total weight loss 
during previous 
lifestyle diets (lbs.)

39.89 (32.31) 1 .00 .03 −.18

7. Food record com-
pletion (%)

89.73 (17.05) 1 .64*** .28***

8. Food record quality 
(%)

72.78 (19.40) 1 .37***

9. Sessions attended 
(out of 16)

13.10 (2.84) 1

6M 6 month, BL baseline, BMI body mass index.

*p < .05; **p < .01; ***p < .001.
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3.78% between those with the lowest and highest possi-
ble scores.

Relation of NL to Food Record Completion, Food Record 
Quality, and Session Attendance

NL significantly positively predicted food record qual-
ity, but not completion. There was a marginal positive 
correlation between NL and session attendance (p = .07; 
Table 1).

Relations of Race and Education to Weight Change as 
Mediated by NL and Self-monitoring

Exploratory analyses were conducted based on differ-
ences observed in NL by race and education. First, we 
examined the direct and indirect effects of race on 6M 
percent weight loss through NL and food record qual-
ity operating in serial as mediators. The model (Fig. 1) 
containing race, NL, and food record quality (F (5, 
297) = 13.27, p < .001, R2 = .18) indicated that the total 
effect of race on weight loss was significant (b = 1.72, t 
(299) = 2.34, p = .02; path c, see Fig. 1), with a signifi-
cant total indirect effect of race on weight loss (b = 1.2, 
SE = 0.37, 95% CI: 0.5 to, 2.00; sum of all indirect effects 
not depicted in Fig.  1). The indirect serial mediation 
effect was also significant, such that black participants 
had lower NL, which negatively affected food record 
quality, which in turn adversely affected weight loss 
(b = .15, SE = 0.09, 95% CI: 0.01 to 0.39; path a1d1b2, 
not depicted in Fig. 1). The model did not support an 
indirect effect of race on weight loss through NL alone 
(b = .23, SE = 0.19, 95% CI: −0.08 to 0.68; path a1b1; not 
depicted in Fig. 1).

Next, we used a similar approach to examine the 
direct and indirect effects of education on 6M percent 

weight loss through NL and food record quality operat-
ing in serial. Although the overall model was significant 
(F (3, 244) = 3.48, p = .02, R2 = .04), the total effect of 
education on weight loss (b = .96, t (244) = 0.66, p = .51), 
including the total indirect effect of education (b = .36, 
SE = 0.55, 95% CI: −0.65 to 1.51), was not significant.

Discussion

This study aimed to (a) identify participant character-
istics and behavioral factors associated with NL; (b) 
determine whether NL predicts 6M weight change; 
(c) examine whether NL predicts food record comple-
tion, food record quality, and session attendance; and 
(d) explore whether the relations of race and educa-
tion to 6M weight change were mediated by NL and 
self-monitoring.

Consistent with prior research, NL differed by race, 
age, and education in this behavioral weight loss sample 
[7, 26–29]; however, we failed to find significant differ-
ences in NL by baseline BMI, as reported elsewhere [6, 
7, 26]. Regarding dieting history, lower NL was mar-
ginally associated with fewer prior weight loss attempts 
and less weight lost during past attempts. Although pre-
vious research has found that exposure to nutritional 
counseling is associated with greater gains in nutritional 
knowledge [11], others have found that NL is not associ-
ated with engagement in lifestyle modification or weight 
change [7]. Future research examining the relation of 
dieting history and NL may identify if  low NL is charac-
teristic of treatment for nonresponders.

We found that lower NL predicted poorer weight losses 
at 6M after controlling for relevant covariates. Given 
that only 5% of the variance in weight loss was explained 
by baseline NL, controlling for age, education, and race, 
the clinical significance of the overall model evaluating 

Fig. 1.  Serial mediation model examining the effects of race, nutrition literacy, and food record quality on 6-month percent weight loss. 
*p < .05; **p < .01; ***p < .001.
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NL may be somewhat low. Nonetheless, this finding is 
particularly concerning given that clinically significant 
weight loss is associated with numerous health benefits 
that smaller weight losses may not confer [30]. Previous 
research has demonstrated that NL can improve with 
intervention [4]; therefore, it may be useful to investigate 
whether targeted NL training improves weight loss. Our 
study provided some training in nutritional skills in early 
intervention sessions (e.g., nutrition facts label reading 
tutorial); however, the impact of this intervention com-
ponent is unknown. Additional research is needed to 
determine essential nutritional skills for weight loss (e.g., 
portion size estimation) along with their optimal timing 
and dose. Ongoing assessment of nutritional skills via 
questionnaires could help identify and remedy individ-
ualized gaps in nutritional skills that may interfere with 
weight loss.

Food record completion and session attendance were 
not associated with NL. It is possible that these behav-
iors may be more strongly related to motivation than 
to knowledge or skill [31]. NL was, however, positively 
associated with food record quality, such that individuals 
with higher NL had higher quality food records. Since 
the average food record completion and attendance rates 
were generally high, it may be quality of  the self-moni-
toring and synthesis of session content into the practice 
of behavior change in daily life that conferred an advan-
tage to individuals with higher NL.

Race, which is associated with NL, may be indi-
rectly related to weight loss through food record qual-
ity. Specifically, compared with white participants, black 
participants tended to have disproportionately lower NL, 
which was associated with poorer food record quality, 
which was in turn related to less weight loss. These find-
ings may help explain the suboptimal weight loss seen in 
black participants across behavioral weight loss studies 
[16, 32–35] and suggest that better understanding of NL 
among blacks may be important to improving behavioral 
weight loss outcomes. Specifically, our findings support 
prior literature suggesting that black participants have 
lower NL than whites [3, 18] and provide new evidence 
suggesting that lower NL may pose a challenge for devel-
oping and practicing accurate self-monitoring of caloric 
intake. Overall, although race did not demonstrate an 
indirect effect through NL alone on weight loss in this 
sample, it was associated with a weight control behavior 
(i.e., food record quality) that was related to weight loss 
outcomes. Taken together, these findings may help to 
understand some of the racial discrepancies in the effect-
iveness of behavioral weight loss programs.

Education level did not affect weight loss either dir-
ectly or indirectly. This finding is perhaps unsurprising 
given that data on the relation between education and 
weight loss in behavioral weight loss programs remain 

mixed with some studies reporting that individuals with 
lower levels of education have poorer weight outcomes 
[36], others finding the opposite [37], and still others 
finding no relation between education and weight loss 
[38]. Our findings further suggest that, although level of 
education and NL are related, it is NL rather than educa-
tion that has important associations with weight control 
behaviors and outcomes.

This study had several strengths, including that it is 
the first study to our knowledge to examine the relation 
between the NVS and weight outcome in a behavioral 
weight loss sample. Additionally, our sample was large 
and racially diverse, allowing us to examine racial differ-
ences and increasing the generalizability of our findings. 
Despite these strengths, certain limitations should be 
noted. In our sample, NVS scores and food record com-
pletion were high on average, both of which may have 
contributed to ceiling effects. It is possible that different 
findings might emerge in samples containing individuals 
with more variabilities in NL and food record comple-
tion. Some aspects of the socioeconomic status of our 
sample may limit generalizability to other groups, such 
as those with less education, lower income, and lower 
NL. Additionally, to limit assessment burden, we sam-
pled food record data from three sessions rather than 
analyzing across all 16. Although participants were not 
aware that the selected sessions were being sampled, it 
is possible that these weeks were not fully reflective of 
the full 6M of treatment. Further, we could not evaluate 
whether behavioral weight loss treatment improved NVS 
scores. Finally, this was an observational study within 
a large behavioral weight loss trial and, as such, could 
not assess for causal relationships among NL and other 
factors.

Future research should further explore the role of 
NL in a behavioral weight loss program. Some partici-
pants may benefit from targeted NL training, perhaps 
even prior to beginning a formal behavioral weight loss 
program. Additional research to evaluate differences in 
participant characteristics and behavioral factors among 
those with low NL may be helpful to better understand 
those who may benefit most from an NL-based inter-
vention. Given a heightened risk for obesity develop-
ment in black individuals, it is particularly important to 
identify barriers to weight loss and to develop treatments 
that improve outcomes for black participants [39]. Thus, 
determining whether additional NL training improves 
food record quality and, in turn, weight loss, in black 
participants warrants study. While there are likely many 
factors that contribute to the gap in the effectiveness 
of behavioral weight loss interventions between black 
and white participants, future research should continue 
to explore whether adjunctive or tailored interventions 
aimed toward improving NL and self-monitoring help 
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to decrease the racial disparity in traditional behavioral 
weight loss programs.
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