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Outcomes of Biomarker Feedback on Physical
Activity, Eating Habits, and Emotional Health:
From the Americans in Motion-Healthy Intervention
(AIM-HI) Study
Nia S. Mitchell, MD, MPH, Brian K. Manning, MPH, Elizabeth W. Staton, MSTC,
Caroline D. Emsermann, MS, L. Miriam Dickinson, PhD, and Wilson D. Pace, MD
Purpose: The purpose of this article was to test whether physical activity, healthy eating, and emotional
well-being would improve if patients received feedback about biomarkers that have been shown to be
responsive to changes in weight and fitness.
Methods: Patients were randomized to limited feedback (weight, body mass index [BMI], and blood
pressure at 4 and 10 months) or enhanced feedback (weight, BMI, blood pressure, homeostatic insulin
resistance, and nuclear magnetic resonance lipoprotein profiles at 2, 4, 7, and 10 months). Repeated
measures mixed effects multivariate regression models were used to determine whether BMI, fitness,
diet, and quality of life changed over time.
Results: Major parameters were similar in both groups at baseline. BMI, measures of fitness, healthy
eating, quality of life, and health state improved in both patient groups, but there was no difference
between patient groups at 4 or 10 months. Systolic blood pressure improved in the enhanced feedback
group, and there was a difference between the enhanced and limited feedback groups at 10 months
(95% confidence interval, ⴚ6.011 to ⴚ0.5113).
Conclusions: Providing patients with enhanced feedback did not dramatically change outcomes.
However, across groups, many patients maintained or lost weight, suggesting the need for more study of
nondiet interventions. (J Am Board Fam Med 2014;27:61– 69.)
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Obesity and related chronic conditions (eg, diabetes, hypertension) remain major health concerns in
the United States. One third of adults and approximately 17% of children and adolescents are
obese.1 Lifestyle choices contribute to the preven-
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tion and management of chronic conditions and
overall health.2,3 There is a shortage of effective
tools, approaches, and resources to support healthy
lifestyle choices. Regular feedback and monitoring
have shown promise in helping to support ongoing
behavioral change and management.4,5
Primary care practices are well positioned to
deliver effective brief interventions to support
healthy lifestyle choices.6 The American Academy
of Family Physicians developed a public health initiative, Americans in Motion–Healthy Interventions (AIM-HI), to promote healthy lifestyle
choices related to nutrition, physical activity, and
emotional well-being. The ongoing initiative was
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designed to support family physician ofﬁces and
increase attention to healthy lifestyle choices to
prevent and treat chronic illnesses.7
The AIM-HI program was developed around
the 5 As (Ask, Advise, Assess, Assist, and Arrange)
and the Transtheoretical Model of behavior change
(stages of change); it is designed to support incremental behavior changes in individuals.8,9 Clinicians engage in conversations about healthy lifestyles with patients using principles of motivational
interviewing. They help patients select lifestyle behaviors to address and develop personalized goals
and feasible plans. AIM-HI tools include a ﬁtness
inventory, ﬁtness prescription, a ﬁtness promotion
poster, a food and activity journal, and a practice
manual.7,10 Practices are encouraged to integrate
these tools into routine clinical care.
In the larger study, AIM-HI was implemented in
2 steps: First, physicians and staff examined their
lifestyles and attempted to make changes in their
own lifestyles using the program tools to enhance
their familiarity with the tools, create an ofﬁce
environment that encourages healthy lifestyles, and
demonstrate the lifestyle changes to patients. Second, clinicians and staff were encouraged to use the
AIM-HI tools and approach with patients.
Other types of feedback have improved ongoing
adherence to behavioral change programs. For instance, individuals who weigh themselves regularly
have improved weight control,11 and individuals
who track their blood pressure exhibit better blood
pressure control.12 Feedback is a common theme in
many weight loss programs that conduct regular
weigh-ins.13 In this project we increased the frequency of follow-up during which patients received
feedback and added feedback about 2 new physiologic measures in an effort to improve lifestyle
change outcomes.
The AIM-HI program was well received by a
number of family practices.14 However, there has
not been a thorough assessment of the program’s
impact on participants’ health behavior and related
outcomes. This article examines patient-level outcomes related to weight, physical activity, eating
habits, and emotional health. Patient-level outcomes (blood pressure, body mass index [BMI],
fasting glucose and insulin levels, nuclear magnetic
resonance lipoprotein proﬁles, ﬁtness, dietary intake, physical activity, and emotional well-being)
by practice randomization are reported elsewhere.10 Study patients were randomly assigned to
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1 of 2 groups: (1) limited feedback, which was
intended to mimic the frequency of feedback received in standard of care, or (2) enhanced feedback. Patients in the enhanced feedback group received feedback more often than those in the
limited feedback group, and they also received information about their calculated insulin resistance
and lipoprotein lipid proﬁles. We hypothesized
that patients in the enhanced feedback group would
show greater improvement in selected health outcomes than those in the limited feedback group.

Methods
Study Design
This study was part of a randomized, practicebased trial of family medicine practices that implemented AIM-HI. Patients were randomized to receive either enhanced or limited feedback. Patient
allocation was not concealed from patients or clinicians (see Figure 1). All research participants
were required to sign an informed consent. This
study was approved by the American Academy of
Family Physicians institutional review board and
local institutional review boards of participating
sites.

Figure 1. Assignment of patients to treatment groups
for the Americans in Motion Healthy Intervention
(AIM-HI) clinical trial.
Assessed for eligibility
(data not captured)

Not eligible
(data not captured)

Randomized (N = 610)

Allocated to Enhanced
Feedback (N = 306)

Allocated to Limited
Feedback (N = 304)

4-month data analyzed
(N = 184); 10-month
data analyzed (N = 192)

4-month data analyzed
(N = 214); 10-month
data analyzed (N = 185)
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Setting and Participants
Twenty-four family physician practices were recruited from members of 3 practice-based research
networks, including the American Academy of
Family Physicians National Research Network, LA
Net, and Southeast Clinicians Research Network.
Details of practice recruitment have been described
elsewhere.10,15 In brief, we solicited members of
the American Academy of Family Physicians by
E-mails to members and publications. From among
interested practices, 24 practices from 16 different
states were randomized to include stratiﬁcation
with respect to size (small was deﬁned as ⱕ3 clinicians and large as ⱖ4 clinicians) and percentage of
minority patients, with at least 35% minority as the
dividing point.
The AIM-HI intervention is intended for all
patients in a practice and was implemented as a
practice-wide quality improvement effort. To
evaluate the effectiveness of the intervention,
a sample of patients (n ⱕ 40) from each practice
was enrolled in this study. Up to 40 patients per
practice were enrolled if they agreed to participate and met the eligibility criteria (⬎17 years
old, a BMI ⱖ30, able to participate in moderate
physical activity, life expectancy ⬎1 year, and
able to read English or Spanish). Exclusion criteria included a diagnosis of coronary heart disease,
HIV/AIDS, or hepatitis C. Pregnant women and
those planning to become pregnant in the next 12
months were also excluded. Patients diagnosed
with type 2 diabetes or hyperlipidemia before the
index visit initially were not eligible for the
study; however, because of slow enrollment, this
criterion was relaxed approximately 3 months
after the initiation of patient enrollment as long
as the condition and treatment regimen had been
stable for at least 6 months.
Data Collection and Feedback
All study patients attended study-speciﬁc visits with
local study coordinators, typically nurses or medical assistants, who were trained in the study protocol. Clinical measures included height (at baseline
only); weight; BMI; 3-minute step test with heart
rate measured immediately and converted to a
7-point physical activity scale based on age, sex, and
heart rate16; 2 indicators of cardiovascular risk: the
homeostatic assay–insulin resistance (HOMA-IR)
(LipoScience, Inc., Raleigh, NC); and nuclear molecular resonance lipoprotein proﬁles (NMRLPs)
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(LipoScience, Inc.). HOMA-IR is an estimate of
insulin resistance, and the NMRLP measures multiple components of cholesterol transport within
the blood. The HOMA-IR and NMRLP may
change more quickly than classic biomarkers such
as weight, blood pressure, and total cholesterol or
low-density lipoprotein cholesterol with improvements in physical activity and diet.17–19 These tests
have not been widely introduced into clinical practice in primary care but were tested here to study
whether changes in them led to increased lifestyle
changes by patients.
The PrimeScreen questionnaire was used to
measure food intake, speciﬁcally macronutrients
such as fruits, vegetables, and dairy.20 The Treatment Self-Regulation Questionnaire (TSRQ) was
used to measure the motivation behind participants’ health behaviors.21 Subscales of the TSRQ
include perceived competence scales for maintenance and capability. The visual analog scale from
the EuroQuol EQ-5 Days was used as a subjective
measure of overall health state.22 The Mental
Component Summary of the 12-item Short Form
(SF12) was used to measure emotional quality of
life.23
Patients were randomized to 1 of 2 groups at the
baseline visit: (1) limited feedback (control) or (2)
enhanced feedback (intervention). Patients who received limited feedback were seen at 3 points: baseline, 4 months, and 10 months. Individuals in the
enhanced feedback group were seen at baseline and
2, 4, 7, and 10 months. Patients and clinicians were
free to schedule ofﬁce visits that were speciﬁcally
focused on healthy lifestyles and behavioral change,
but the study did not pay for those visits. The
intervals for the limited feedback group were chosen to replicate the time intervals for follow-up
visits in usual practice settings.
All patients and clinicians received feedback reports about the patient’s completed health survey,
height, weight, BMI, and blood pressure at each
visit. Individuals in the enhanced feedback group
and their clinicians were also given results of the
HOMA-IR and/or NMRLP. Patient feedback reports included explanations of outcome measures,
their meanings, and healthy ranges.
Statistical Methods

Baseline Characteristics
The demographics of the limited and enhanced
feedback groups were compared using analysis of
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variance (ANOVA) for continuous descriptors with
normal distributions; the Kruskal-Wallis nonparametric test was used for continuous descriptors that
were not normally distributed. Categorical descriptors were compared using the 2 test. All 610 patients were included in this analysis.

Changes in Weight and Physical Activity
For patients who completed both the baseline and
10-month surveys, the percentage of weight loss/
gain as well as ﬁtness loss/gain were calculated.
Weight loss/gain was categorized as weight loss or
gain of 0 to ⬍5% and ⱖ5%; physical activity
change was categorized as a ⬍2-point increase and
a ⱖ2-point increase. The 2 test was used to compare the percentage of patients in the enhanced
versus limited feedback groups by weight loss/gain
categories. A total of 374 patients were included in
this analysis.

tion of the missing data as it relates to each outcome is primarily monotonic, an ordinal variable
was created to measure drop out: 1 (baseline only),
2 (last assessment at 4 months), and 3 (last assessment at 10 months).
There were 3 surveys throughout the study:
baseline, 4 months, and 10 months. Of the 610
patients completing the baseline survey, 75 (12.3%)
completed a second survey as their last assessment
and 377 (61.8%) completed the third survey as
their last assessment. Therefore, 158 (25.9%) completed only a baseline survey, indicating a 25%
dropout rate from baseline. Since the data are missing at random all models are adjusted for covariates
associated with the missingness (patients’ age) and
used maximum likelihood estimation, using all
available data. All analyses were performed using
SAS software version 9.2 (SAS, Inc., Cary, NC).

Multivariate Repeated Measures Mixed Effects Models

Results

Repeated measures mixed effects multivariate regression models were used to determine whether
outcomes changed over the course of the study
period. Models were adjusted for repeated measures within patients and clustering of patients
within practices, with patient and practice included
as random effects. Independent variables (ﬁxed effects) included patient group (limited, enhanced),
patient demographic characteristics (age, comorbidities, education, gender, income, marital status,
and race and ethnicity), time (baseline, 4 months,
10 months), and a time by patient group interaction. The interaction term measured differential
change over the study period by patient group. In
addition, one degree of freedom hypotheses were
made a priori to measure average change by patient
group from baseline to 4 months, baseline to 10
months, and average change between patient
groups at 4 and 10 months. All 610 patients were
included in this analysis. Before the analysis, data
missing for each outcome as it relates to baseline
measures and observed data were analyzed using
Kendall’s  correlation coefﬁcient and explored
graphically by plotting the averages of each outcome by patients’ last completed assessment. In
addition, associations were determined between
overall patient attrition and each of the outcomes
and covariates. 2 Tests were run for categorical
characteristics and 1-way ANOVA models were
performed for continuous variables. Since evalua-

Outcome Variables
The results for the repeated measures mixed effects
multivariate regression models for differences in
the outcome variables between baseline data and 4and 10-month data in the limited and enhanced
feedback groups are shown in Table 3. Average
change from baseline to 4 and 10 months between
the 2 patient intervention groups are shown in
Table 4. Differential changes between patient
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Baseline Characteristics
The baseline characteristics of the patient feedback
groups are shown in Tables 1 and 2. Demographics
are shown in Table 1; the continuous descriptors
that were compared with ANOVA and nonparametric tests are shown in Table 2. Both groups had
similar distributions of all major parameters that
were assessed, including sex, racial background,
ethnicity, income, number of people in the household, marital status, baseline blood pressure, insulin
resistance (as measured by the HOMA-IR and the
Quantitative Insulin Sensitivity Check Index), and
lipoprotein proﬁles (as measured by NMRLP).
Baseline physical activity categories (as measured
by the International Physical Activity Questionnaire), overall self-reported health levels (as measured by the full SF12), and motivation to engage
in healthy eating behaviors and physical activity (as
measured by the TSRQ) were also similar between
groups (data not shown).

http://www.jabfm.org

Table 1. Demographics: Limited versus Enhanced
Feedback Patient Group—Baseline Survey

Variables
Sex
Female
Male
Racial background
White
African American
Other
Missing
Ethnicity
Non-Hispanic/Latino
Hispanic/Latino
Education
Less than high school
High school grad/GED
Some college/graduate
school
Missing
Income ($)
⬍20,000
20,001–50,000
51,001–75,000
⬎75,000
Missing
Marital status
Single
Married
Separated/divorced/
widowed
Missing

Limited
Feedback
(n ⫽ 304)

Enhanced
Feedback
(n ⫽ 306)

227 (74.7)
77 (25.3)

239 (78.1)
67 (21.9)

.3181

174 (57.2)
50 (16.4)
58 (19.1)
22 (7.2)

177 (57.8)
53 (17.3)
49 (16.0)
27 (8.8)

.7117

249 (81.9)
55 (18.1)

263 (85.9)
43 (14.1)

.1743

13 (4.3)
82 (27.0)
187 (61.5)

14 (4.6)
77 (25.2)
186 (60.8)

.7647

22 (7.2)

29 (9.5)

66 (21.7)
104 (34.2)
41 (13.5)
64 (21.1)
29 (9.5)

59 (19.3)
98 (32.0)
46 (15.0)
61 (19.9)
42 (13.7)

.5084

53 (17.4)
180 (59.2)
55 (18.1)

64 (20.9)
168 (54.9)
59 (19.3)

.6562

16 (5.3)

15 (4.9)

P value

Systolic Blood Pressure

Data are n (%).

groups from baseline are shown in terms of the
enhanced patient group by survey (4 months, 10
months). Thus, a statistically signiﬁcant positive
change in the outcome indicates that change
among patients receiving the enhanced treatment
increased at the speciﬁed time point (4 months, 10
months) from baseline compared with patients receiving the limited treatment, whereas a statistically
signiﬁcant negative change in the outcome indicates that change among patients receiving the enhanced intervention decreased at the speciﬁed time
point (4 months, 10 months) compared with patients receiving the limited treatment.

Body Mass Index
In general, the multivariate analysis showed that
there was a decrease in BMI over time for all
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patients (P ⫽ .048). Average BMI among patients
who received limited feedback decreased from 37.7
kg/m2 at baseline to 37.4 kg/m2 at 4 months (P ⫽
.014), whereas the average baseline BMI for patients who received enhanced feedback trended
down over the 10-month follow-up period. However, the overall change from baseline did not reach
statistical signiﬁcance (BMI at baseline, 36.9 kg/m2;
at 4 and 10 months, 36.7 and 36.6 kg/m2, respectively; P ⫽ .115 and 0.054).

Systolic blood pressure decreased differentially
over time by patient group. In general, systolic
blood pressure declined more rapidly among patients in the enhanced feedback group at 10 months
(average change between groups at 4 months, 0.40;
at 10 months, ⫺3.26; time by group interaction,
P ⫽ .025). Average systolic blood pressure for patients in the limited feedback group showed no
change from baseline to 4 or 10 months (128.8 –
128.9 and 129.6 mmHg, respectively; P ⫽ .985 and
0.450, respectively). On the other hand, the average
systolic blood pressure for patients in the enhanced
feedback group was unchanged at 4 months but
improved signiﬁcantly at the 10-month follow-up
visit when compared with baseline (128.0 vs 128.5
mmHg at 4 months, P ⫽ .621; 125.5 mmHg at 10
months, P ⫽ .011).

Physical Activity
Multivariate results also indicated that physical activity generally increased over time among all patients (time, P ⫽ .022). Physical activity, as measured by the 3-minute step test, increased on
average from baseline at 4 months (3.9 vs 4.2; P ⫽
.010) and 10 months (3.9 vs 4.2; P ⫽ .048), but
there was no difference between the 4 and 10
month values in the limited feedback group,
whereas physical activity in the enhanced feedback
group did not differ signiﬁcantly from baseline at
either time point.

PrimeScreen
Multivariate analyses determined that PrimeScreen
scores also increased among all patients (P ⬍ .001).
Average PrimeScreen scores improved signiﬁcantly
from baseline to 4 and 10 months among patients
in both groups.
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Table 2. Baseline Survey Data (Continuous Descriptors) for Outcome Variables for Limited and Enhanced
Feedback Groups*
Limited Feedback
(n ⫽ 304)
Variables
Imputed age
Systolic blood pressure
PrimeScreen–AimHi
Overall health variable: self-report

BMI
Fitness
SF-12 mental score

Enhanced Feedback
(n ⫽ 306)

Mean

SD

Mean

SD

P value

44.73
127.3
⫺0.049
0.017

12.69
16.26
0.384
0.674

43.02
125.9
⫺0.065
⫺0.012

11.92
15.46
0.385
0.700

.0874
.2882
.6017
.6356

Median

IQR

Median

IQR

35.55
4.000
⫺0.030

33.0–41.0
2.0–6.0
⫺0.9–0.5

35.00
4.000
⫺0.268

32.0–40.0
2.0–6.0
⫺1.1–0.5

.1968
.3369
.2089

*Means and standard deviations (SDs) reported for data with normal distribution. Medians (25th to 75th percentiles) reported for data
with nonnormal distribution.
BMI, body mass index; IQR, interquartile range; SF-12, 12-item Short Form.

SF12 Mental Component Summary
Quality of life, as measured by the SF12 Mental
Component Summary, improved over time among

all patients (P ⫽ .005; data not shown). Average
scores were improved at 4 months compared with
baseline in both the limited and enhanced feedback

Table 3. One Degree of Freedom Contrast Estimates of the Repeated Mixed Effects Multivariate Regression Model
Limited Feedback Patient Group
Baseline
(n ⫽ 304)
Outcome
BMI*
Systolic blood pressure†
Fitness*
PrimeScreen*
SF-12 mental score*
HealthState*

4 Months (n ⫽ 214)

10 Months (n ⫽ 185)

Estimate

SE

Estimate

SE

Change from
Base P

Estimate

SE

Change from
Base P

37.7
128.8
3.9
0.0
0.0
65.7

0.72
1.75
0.27
0.04
0.12
2.54

37.4
128.9
4.2
0.1
0.2
65.3

0.72
1.81
0.28
0.04
0.12
2.67

.014
.985
.010
.000
.001
.827

37.6
129.6
4.2
0.1
0.1
69.5

0.72
1.84
0.28
0.04
0.12
2.73

.242
.450
.048
.000
.304
.041

Enhanced Feedback Patient Group
Baseline
(n ⫽ 306)

BMI*
Systolic blood pressure†
Fitness*
PrimeScreen*
SF-12 mental score*
HealthState*

4 Months (n ⫽ 184)

10 Months (n ⫽ 192)

Estimate

SE

Estimate

SE

Change from
Base P

Estimate

SE

Change from
Base P

36.9
128.0
3.9
0.0
⫺0.2
66.7

0.72
1.77
0.28
0.04
0.12
2.56

36.7
128.5
4.0
0.1
0.0
67.9

0.72
1.85
0.28
0.04
0.12
2.74

0.115
0.621
0.245
0.000
0.027
0.497

36.6
125.5
3.9
0.2
0.0
70.7

0.72
1.85
0.28
0.04
0.12
2.74

0.054
0.011
0.771
0.000
0.031
0.023

The models were adjusted for repeated measures, clustering of patients within practices, age, comorbidities, education, sex, income,
marital status, race, and ethnicity.
*Multivariate model: P ⬍ .05, time.
†
Multivariate model: P ⬍ .05, time by patient group interaction.
BMI, body mass index; SE, standard error; SF-12, 12-item Short Form.
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Table 4. One Degree of Freedom Contrast Estimates of the Repeated Mixed Effects Multivariate Regression Model:
Mean Difference in Change from Baseline by Patient Intervention Group
Change Between Groups at 4 Months†
Outcome
BMI
Systolic blood pressure*
Fitness
PrimeScreen
SF-12 mental score
HealthState

Change Between Groups at 10
Months†

Mean

95% Conﬁdence Interval

Mean

95% Conﬁdence Interval

P Value

0.095
0.478
⫺0.168
0.013
⫺0.077
1.602

⫺0.220 to 0.410
⫺2.224 to 3.180
⫺0.493 to 0.158
⫺0.050 to 0.076
⫺0.270 to 0.116
⫺3.248 to 6.452

⫺0.085
⫺3.262
⫺0.207
0.055
0.078
0.304

⫺0.406 to 0.237
⫺6.011 to ⫺0.513
⫺0.532 to 0.118
⫺0.009 to 0.119
⫺0.120 to 0.276
⫺4.627 to 5.235

.583
.025
.392
.232
.356
.802

The models were adjusted for repeated measures, clustering of patients within practices, age, comorbidities, education, sex, income,
marital status, race, and ethnicity.
*Multivariate model: P ⬍ .05, time by patient group interaction.
†
Coefﬁcients are in terms of differential change from baseline by the enhanced feedback group compared to the limited feedback
group.
BMI, body mass index; SF-12, 12-item Short Form.

groups. However, at 10 months only the enhanced
feedback group showed an improvement in quality
of life from baseline.

Health State
Results indicated no signiﬁcant change in health
state over time among patients in the study or
between the limited and enhanced groups. However, estimation of the difference between 10month and baseline averages using one degree of
freedom hypotheses tests indicated patients from
both the limited and enhanced feedback groups
improved from their baseline values at 10 months.

Categorized Weight Change
Table 4 shows the weight change as a percentage of
initial weight among the 374 patients in the limited
and enhanced feedback groups who completed
both the baseline and 10-month surveys. There was
no statistical difference in the proportion of the
patients losing ⱖ5% of their initial weight between
the enhanced and traditional patient groups (18%
vs 15%; P ⫽ .20).

Discussion
There were only minimal differences in the outcomes of interest for patients who received enhanced versus limited feedback in the AIM-HI
study. Behavioral change is difﬁcult to achieve
without intensive interventions. This study did not
rely on intensive behavioral therapy because it was
not a covered beneﬁt for obesity or poor physical
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ﬁtness at the time of this study. The AIM-HI approach focuses on promoting small changes in a
manner consistent with routine primary care. This
study added differential feedback to the AIM-HI
tools to determine whether patients who received
information about calculated insulin resistance and
lipoprotein proﬁles and more frequent feedback
would have better BMI, systolic blood pressure,
physical activity, dietary intake, and quality of life
than those who received limited feedback or standard care. At 10 months, systolic blood pressure
and quality of life were improved in the enhanced
feedback group but not in the limited feedback
group. Dietary intake and health state were improved at 10 months in both groups, with no difference between the 2 groups. Furthermore, there
was no difference between groups in the percentage
of people who achieved clinically signiﬁcant weight
loss.
Systolic blood pressure and quality of life improved in the enhanced feedback group at 10
months. Systolic blood pressure improved by 2.5
mmHg from a baseline level that was not considered elevated. Whether the magnitude of change
would increase with higher baseline blood pressures is unknown. The clinical signiﬁcance of a
2.5-mmHg drop in blood pressure is unclear; however, given that antihypertensives generally lower
blood pressure by 5 mmHg,24 and considering that
it may have dropped more among people with
higher baseline pressures, the change could be clinically useful.
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The study was designed to explore the effect of
providing patients with feedback on speciﬁc biomarkers that theoretically would change rapidly
with either weight loss or improved physical ﬁtness.
Unfortunately, the effect of the feedback was minimal. The lack of effect could be related to the level
of responsiveness of the biomarkers to improvements in weight or physical activity or to the inability of people to understand the implications of
small changes in the biomarkers in relation to overall behavior change and improved health. Patients
in the study did not lose much weight, possibly
because they may not have received enough behavior change counseling. The US Preventive Services
Task Force recommends that weight loss counseling occur at least twice per month for the ﬁrst 3
months.25 The actual amount of counseling patients received in our study is unknown but was
unlikely to meet the recommended levels in this
real-world study.
Of note, patients in both feedback groups did
show some improvements in their health habits,
speciﬁcally dietary intake and perceived health
state. PrimeScreen scores improved for participants
in both groups. The PrimeScreen was designed to
measure the dietary risks for developing cardiovascular disease, cancer, and osteoporosis and not speciﬁcally to measure weight-modifying behaviors,20
which may explain why the improvements in dietary intake were not associated with weight loss.
Improved PrimeScreen scores may have indicated
that patients’ eating habits had improved with regard to their risk for developing chronic diseases
but may not have reduced overall caloric intake.
Perceived health state was signiﬁcantly improved in
both groups at 10 months. It is possible that participants felt their health was improved because
they saw their providers more frequently than
usual, which may have caused them to feel healthier. They may also have derived some perceived
beneﬁt from actively working to improve their
health using the AIM-HI tools.
The limitations of the current study may account for the lack of difference between study
groups. While we attempted to mimic real-world
intervals in follow-up in the limited feedback
group, which was the de facto standard of care in
our study, there was no control group. Therefore,
the changes we found in both the limited and enhanced groups may have been different from a true
control group. We also sought to identify novel
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indicators of improved ﬁtness that may be more
responsive to a wider range of change efforts than
the standard lipid panels and hemoglobin A1c tests
to provide early feedback on efforts to enhance
nutrition and increase exercise. In this study, feedback with the novel test results did not provide any
added beneﬁt over standard care. This may have
been because the biomarkers did not move as
quickly as expected with changes in ﬁtness or that
the changes were not of big enough magnitude.
Compared with US Preventive Services Task Force
guidelines, the AIM-HI intervention with enhanced feedback may have occurred too infrequently to affect weight loss25 or was the wrong
modality to increase physical activity.26 The resulting intervention may have met the needs of the
practices but was ineffective at improving the outcomes of interest.
Although population level clinical outcomes did
not change dramatically from the intervention,
there is some good news: 40% of the people in the
limited feedback group and 52% of the people in
the enhanced feedback group either maintained or
lost weight at 10 months. Furthermore, a number
of individuals lost ⱖ5% of their initial weight (15%
in the limited feedback group and 18% of in the
enhanced feedback group; Table 5). This is in contrast to the average American adult, who tends to
gain up to 2 pounds per year.27,28 Since 68% of
adults in the United States are either overweight or
obese,29 prevention of weight gain can be viewed as
an accomplishment, particularly with an intervention that took a “nondiet” approach to weight management. Such a ﬁnding indicates a need for more
study of nondiet interventions delivered in primary
care settings.

Table 5. Weight Change as a Percentage of Initial
Weight

Weight loss
0–⬍5
ⱖ5
Weight gain
0–⬍5
ⱖ5

Limited
(n ⫽ 183)

Enhanced
(n ⫽ 191)

25
15

34
18

46
13

37
12

P value
.2

Data are percentages. Columns do not total 100% because of
rounding.
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