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Summary

Objective

Genetics contribute to variability in individual response to weight-loss interventions. The
objective of this study was to determine the efficacy of a commercially available exercise
and weight-loss program and whether alignment of diet to genotype related to lipid
metabolism promotes greater success.

Design

Sedentary women with obesity (n = 63) had genotype (FABP2rs1799883,
PPARG2rs1801282, ADRB3rs4994C3, ADRB2rs1042713, rs1042714) determined using
a direct-to-consumer genetic screening kit purported to promote greater weight-loss
success through dietary recommendations based on these genes. Participants were
randomly assigned to follow a moderate carbohydrate (MC) or lower carbohydrate (LC)
hypo-energetic diet that aligned (A) or did not align (NA) with genotype for 24 weeks while
participating in a resistance training and walking program. Data were analysed by general
linear model repeated measures adjusted for baseline variables and are presented as
mean (95% confidence interval) changes from baseline.

Results

Participants in the LC group experienced greater improvements (p = 0.051, ηp
2 = 0.025)

in per cent changes in body composition (weight: MC �3.32 [�1.4, �5.2], LC �5.82
[�4.1, �7.6]; fat mass: MC �7.25 [�3.2, �11.2], LC �10.93 [�7.3, �14.5]; fat-free mass:
MC �0.32 [1.4, �2.0], LC �1.48 [0.7, �3.0]; and body fat percentage: MC �4.19 [�1.6,
�6.8], LC �5.60 [�3.3, �7.9] %). No significant differences were observed between
genotype groups (weight: A �5.00 [�3.3, �6.7], NA �4.14 [�2.2, �6.1]; fat mass: A
�10.15 [�7.0, �13.6], NA �8.02 [�4.0, �12.0]; fat-free mass: A �1.23 [0.3, �2.8], NA
�0.56 [1.12, �2.3]; and body fat: A �5.28 [�3.0, �7.6], NA �4.51 [�1.9, �7.1] %).

Conclusions

Adherence to this exercise and weight-loss program promoted improvements in body
composition and health outcomes. While individuals following the LC diet experienced
greater benefits, alignment of these diets to this genetic profile did not promote greater
health outcomes.
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Introduction

Obesity, and its related comorbidities, increases risk of
chronic disease and remains a significant public health
problem (1–4). For this reason, there is substantial interest
in finding ways to promote weight loss and weight man-
agement (3–5). While a number of interventions have
been studied, a considerable amount of variability has
been reported in weight and/or fat loss among individ-
uals, even when participating in the same intervention
(5–8). One factor that has been suggested to influence
an individual’s response to a weight management inter-
vention is genetics (4,9–13). For example, findings from
the Genome Wide Association Studies have identified ge-
netic polymorphisms associated with obesity and as-
pects related to obesity, such as energy expenditure,
appetite control and lipid metabolism (10,12,14–16). The-
oretically, identification of obesity-related genes may be
helpful in determining optimal behavioural, dietary
and/or pharmacological interventions to promote weight
loss and weight management.

In support of this contention, Dopler-Nelson and col-
leagues (17) retrospectively evaluated the relationship of
five candidate genes related to lipid metabolism (i.e.
FABP2rs1799883, PPARG2rs1801282, ADRB3rs4994C3,
ADRB2rs1042713 and rs1042714) to weight loss success
of individuals participating in several commercially avail-
able diet interventions. The researchers reported a two-
fold to threefold greater reduction in body weight along
with greater reductions in waist circumference and tri-
glycerides and an increase in high-density lipoprotein
(HDL) cholesterol among participants following a diet
aligned with genotype as opposed to individuals in which
the diet intervention did not align with genotype (17).
These findings prompted others to examine whether
alignment of genotype to different macronutrient diets
would promote greater weight and/or fat loss as well as
development of direct-to-consumer genetic screening
kits to help individuals select a diet that may optimize
weight loss efforts (17–21).

Our group has conducted a number of studies evaluat-
ing the effects of various diet and exercise interventions
on weight loss as part of a Women’s Health & Fitness
Initiative (22–28). These studies generally found that par-
ticipating in a circuit-style resistance training program
while following a slightly hypo-energetic, low fat and
moderately higher protein diet promoted fat loss while
maintaining fat free mass and resting energy expenditure
(REE) (22–28). Additionally, adherence to the moderately
higher protein versions of this diet while following the
circuit-style resistance training program promoted more
favourable changes in markers of metabolic syndrome
(22,25). We also observed significant changes in exercise

capacity (22–26,28), which is relevant as cardiopulmo-
nary fitness is a known to be associated with chronic
disease risk and related mortality (29–35). The purpose
of the present investigation was to (1) determine the effi-
cacy of two moderately higher protein diets that varied
in carbohydrate and fat content on changes in weight,
body composition, exercise capacity and biomarkers of
health in sedentary women with obesity participating in
a circuit-style resistance training program and (2) deter-
mine if these tested diets would result in greater health
outcomes when aligned by the genetic profile within
direct-to-consumer genetic screening kit previously
tested by Dopler-Nelson et al. (17). We hypothesized that
the moderately higher protein diet with higher fat and
lower carbohydrate content (as opposed to lower fat
and higher carbohydrate) and alignment of diet to geno-
type would promote greater reductions in body weight
and lead to more favourable changes in body composi-
tion, exercise capacity and biomarkers of health.

Methods

Study design

This study was conducted in a randomized, parallel arm,
prospective manner at a university-based research facil-
ity. This investigation was approved by the Texas A&M
University Institutional Review Board (IRB2013-0737FX),
performed in accordance with the Declaration of Helsinki
(36) and registered retrospectively (NCT03116711). Prior
to initiation of the intervention, participants provided a
buccal swab sample using a direct-to-consumer genetic
screening kit. This kit was designed to align diet recom-
mendation with several genes related to lipid metabolism
in an effort to promote greater weight loss success. Par-
ticipants were randomly assigned to hypo-energetic,
moderately higher protein diets that were moderate car-
bohydrate (MC) or lower carbohydrate (LC) and aligned
(A) or did not align (NA) with genotype as per recommen-
dations from the screening kit. For 24 weeks, participants
followed the recommended diets while participating in a
supervised circuit-style resistance training (4 d week�1)
and walking program. Assessment sessions for data col-
lection were carried out at 0, 4, 12, 16, 20 and 24 weeks
with the exception that fitness related data were collected
at 0, 12 and 24 weeks. An overview of the study design is
presented in Figure 1.

Participant recruitment

Participants were recruited from university e-mails and
local advertisements. Inclusion criteria consisted of the
following: female, apparently healthy, sedentary, between
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18 and 60 years of age and a body mass index-
22 kg m�2 and/or body fat percentage >30%. Exclusion
criteria consisted of uncontrolled metabolic disorder; par-
ticipation in a structured exercise program within the past
3 months (>30 min d�1, 3 d week�1); recent weight
change (+/�3.2 kg) within 12 weeks prior to initiation of
the study; consumption of nutritional supplements that
may affect muscle mass, anabolic/catabolic hormone
levels, or weight loss; and pregnancy, nursing or intention
to become pregnant during the subsequent 52 weeks.

A total of 255 individuals expressed interest in partici-
pating in the study and attended a recruitment session.
Eligibility screening occurred at the recruitment session.
A total of 64 individuals did not meet eligibility criteria.
Thus, 191 eligible women signed the informed consent,
underwent a standard medical exam and provided a buc-
cal swab sample for genotyping. Of these, 43 participants
were no longer eligible based on genotype results, and 51
declined participation due to scheduling conflicts (n = 9)
or concerns with the time commitment required by the
study (n = 42). A total of 97 participants were randomly
assigned to diet based on results from the genetic
screening kit and initiated participation in the study. Of
these, 34 participants withdrew prior to or following the
first assessment session, 63 participants completed at
least 12 weeks of intervention and 51 women completed
all 24 weeks. The primary reasons for attrition were non-
compliance (failure to follow diet, attend exercise or as-
sessment sessions), concerns with the time commitment
required by the study or personal reasons. Figure 2 pre-
sents a CONSORT diagram.

Genotyping

Buccal swab samples were collected in duplicate, and
each swab was placed in an individual envelope with a
barcode that corresponded with participant identification.
Barcode and participant identification information were
kept in a secured document accessible only to the
study coordinator and primary investigator. Upon collec-
tion of the samples, one envelope per participant was

placed in a container for shipment to Interleukin Genetics
(Waltham, MA) for genotyping within a Clinical Laboratory
Improvements Amendments certified molecular genetics
laboratory. In this laboratory, DNA was extracted
from buccal cheek swabs (Puritan, Gilford, ME) using
standard procedures for determination of the five poly-
morphisms included within the profile (FABP2rs1799883,
PPARG2rs1801282, ADRB3rs4994C3, ADRB2rs1042713
and rs1042714). Single nucleotide polymorphism (SNP)
genotyping was performed by the single-base extension
method using a Biomek® FXP SNPstream® system
(Beckman Coulter, Brea, CA) with SNPs multiplexed as
needed to avoid interference. The multiplex polymerase
chain reaction was treated with exonuclease I and shrimp
alkaline phosphatase (USB). The single-base extension
reaction was performed per manufacturer’s protocol, and
‘tagged’ products were hybridized to a microarray plate.
The SNPstream instrument was used to read the plates,
and the SNPstream software was used to determine initial
allele calls, which were confirmed by a technician.

Dietary intervention

Dietary protocols

Participants followed either the MC or LC Curves Com-
plete® (Curves International, Waco, TX) diet programs.
The MC dietary prescription included a macronutrient
breakdown of 30% kcal from carbohydrates, 25% kcal
fat and 45% kcal protein. The LC diet prescription included
20% kcal carbohydrate, 35% kcal fat and 45% kcal
protein. Participants on the MC program were provided
instruction from a registered dietitian on how to use the
Curves Complete online program to select, change and
track daily meals and snacks. Participants assigned to
the LC diet program were provided sample menus and
instructions on how to make substitutions on each menu
from a registered dietitian. Dietary instructionwas provided
to all participants at baseline and throughout the interven-
tion as needed for each participant. Guidance provided by
the registered dietitian to achieve the moderately higher

Figure 1 Overview of the study design.
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dietary protein goals in both diet groups included
increased intake of higher protein food sources and incor-
poration of protein shakes and bars. Both diets were
designed to provide 1,400 kcal d�1 for the first week
followed by 1,500 kcal d�1 for the remaining 23 weeks.
Because the diets were hypo-energetic, all participants
were provided a daily multivitamin and mineral supple-
ment containing calcium, vitamin D and omega-3 fatty
acids (Curves 2 Go, Curves International®).

Genotype alignment to diets

Results from the genotyping analysis were provided by
the genetic testing company with diet types recom-
mended based on the combination of allelic patterns
among the polymorphisms within the tested genetic pro-
file (9). The recommended diet types provided were LC
diet, lower fat diet or balanced diet. In the present

investigation, participants with a genetic profile suggest-
ing the lower carbohydrate diet were assigned as aligned
to the LC diet (20:35:45% kcal) or not aligned to the MC
diet (30:25:45% kcal). Participants with a genetic profile
suggesting lower fat diet were assigned as aligned to
the MC diet (30:25:45% kcal) or not aligned to the LC diet
(20:35:45% kcal). Individuals with a genetic profile sug-
gesting a balanced diet were excluded from the present
investigation and offered the opportunity to participate
in another exercise and weight loss study.

Exercise intervention

Throughout the duration of the intervention, all partici-
pants completed four, 30-min workouts per week in the
lab, following the Curves International® exercise pro-
gram. The circuit-style resistance training program uti-
lized the computerized Curves Smart system with

Figure 2 CONSORT diagram.
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software designed by MYTRAK® (version 4.2.1, copyright
2004–2011, MYTRAK Health System Inc., Mississauga,
Ontario, Canada). This system provides feedback and
records performance to ensure participants meet
intensity expectations (i.e. 60% to 80% of one repetition
maximum). The circuit included 13 bi-directional
hydraulic concentric only resistance exercise machines,
which worked all major muscle groups (i.e. elbow
flexion/extension, knee flexion/extension, shoulder
press/lat pull, hip abductor/adductor, chest
press/seated row, horizontal leg press, squat, abdominal
crunch/back extension, chest flies, oblique, shoulder
shrug/dip, hip extension and side bends). Before and after
training sessions, participants performed whole body
stretching. During training sessions, participants wore a
Polar FT4 Heart Rate Monitor (Lake Success, NY) to
monitor exercise intensity. Participants were coached to
perform as many repetitions as possible while on each re-
sistance machine. Three out of the four weekly workouts
consisted of alternating between 30 s on the resistance
machines and 30 s completing floor-based aerobic
callisthenic exercises following a video of a fitness in-
structor in order to maintain heart rate between 60%
and 80% of age-predicted maximal heart rate. Partici-
pants completed the entire circuit twice during these
workouts. One of the four weekly workouts included
Zumba dance between resistance machines. During
these workouts, participants alternated between 1 min
on the resistance machines and 1 min performing Zumba
dance exercise as taught by a certified Zumba instructor.
Participants complete the entire circuit once during these
workouts. Participants were required to complete at least
90% of exercise training sessions in order to be consid-
ered compliant (i.e. 86 of 96 workouts).

We previously reported that women participating in this
type of circuit-style resistance training regimen elicit an av-
erage exercise heart rate of 126 ± 15 bpm (80%ofmaximal
heart rate), an average exercise intensity of 65% ± 10% of
peak oxygen uptake, resistance exercise intensities
ranging between 61% and 82% of one repetition
maximum (1RM) on the various exercise machines and
an average energy expenditure of 314 ± 102 kcals per
workout (37–39). Additionally, participants were provided
with a standard pedometer and instructed to reach a goal
of 10,000 steps per day on non-circuit training days.

Procedures

Participants were instructed to refrain from exercising for
48 h and fast for 12 h prior to each assessment session.
Participants reported to the lab at approximately the
same time of day during each session. The following de-
scribes the methods of assessments performed.

Dietary intake

Participants were provided a detailed description of how
to measure and record food and beverage intake on food
logs by a registered dietitian. Participants recorded all
food and energy containing fluids consumed for 4 d (three
weekdays and one weekend day) prior to each testing
session. Food logs were checked for accuracy when
returning to the lab for each assessment session and
analysed by a registered dietitian using dietary analysis
software (ESHA Food Processor Version 8.6, Salem, OR).

Resting energy expenditure

Resting energy expenditure was measured using an open-
circuit method of indirect calorimetry with the ParvoMedics
TrueMax 2400 Metabolic Measurement System
(Parvomedics Inc., Sandy, UT) using previously described
procedures (23,25). Participants laid down motionless in
a bed with legs resting on a padded box, while respiratory
gases were collected from a metabolic hood. The five
data points after at least 10 min of assessment in which
oxygen uptake and carbon dioxide production varied by
no more than 5% were used for REE measurements (40).

Body composition

Height and body weight were measured following stan-
dard procedures with the Health-O-Meter Professional
500KL scale (Pelstar LLC, Alsip, IL, USA) self-calibrating
digital scale with an accuracy of ±0.02 kg. Body composi-
tion was determined with a Hologic Discovery W Dual-
Energy X-ray Absorptiometer (Hologic Inc., Waltham,
MA, USA) equipped with APEX Software (APEX Corpora-
tion Software, Pittsburg, PA, USA) that estimated visceral
adipose tissue by using procedures previously described
(41). Prior to testing, quality control calibration proce-
dures were performed following manufacturer’s guide-
lines. The mean coefficient of variation for all scans
throughout the study was between 0.31% and 0.33%
with a mean intra-class correlation of 0.935.

Exercise capacity

At 0, 12 and 24 weeks of intervention, participants per-
formed muscular strength (1RM) and muscular endurance
tests (maximum number of repetitions at 80% of 1RM) on
the bench press and hip sled/leg press (Nebular Fitness,
Versailles, OH) following standard procedures (42). Hand
position on the bench press and foot and sled seat posi-
tions on the leg press were recorded and standardized
among testing sessions. Participants were provided
2 min of recovery between 1RM attempts and 5 min of
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recovery between exercises. Participants also performed
a symptom-limited maximal cardiopulmonary exercise
test on a treadmill following the Bruce protocol using
standard procedures (42). Expired ventilation and respira-
tory gases were assessed using a calibrated
ParvoMedics TrueMax 2400 Metabolic Measurement
System (Parvomedics Inc.) metabolic measurement
system. Heart rate and rhythm were assessed using a
12-lead electrocardiogram (Nasiff Cardio Card Electro-
cardiograph, Central Square, NY). Resting and exercise
blood pressure were measured by auscultation of the bra-
chial artery using a mercurial sphygmomanometer using
standard procedures (42).

Blood collection and biomarker analysis

Fasting whole blood was collected into two BD
Vacutainer® SST™ Serum Separation Tubes (Becton,
Dickinson and Company, Franklin Lakes, NJ) using stan-
dard phlebotomy procedures. The SST tubes sat at room
temperature for 15 min and were then centrifuged at
3,500 rpm for 10 min using a Heraeus Megafuge 40R
centrifuge (ThermoFisher Scientific, Inc., Watham, MA).
Serum was transferred into micro-centrifuge tubes and
stored in a freezer at �80°C for later analyses. Serum glu-
cose, triglycerides, total cholesterol, low-density lipopro-
tein (LDL) and HDL levels were analysed using a Cobas
C 111 (Roche Diagnostics, Indianapolis, IN) automated
chemistry analyzer according to manufacturer’s instruc-
tions. The tested intra-assay coefficient of variation for
these variables was approximately less than 3% along
with an inter-assay coefficient of variation of less than
2% (43). Serum insulin was determined using a commer-
cially available enzyme linked immunoabsorbent assay kit
(ALPCO Diagnostics, Salem, NH) using a BioTek ELX-808
Ultramicoplate reader (BioTek Instruments Inc., Winooski,
VT) set at an optical density of 450 nm with BioTek Gen5
Analysis software (BioTek Instruments Inc.). The intra-
assay coefficient of variation has been shown to range
from 5.1% to 10.3%, and the inter-assay coefficient of
variation ranges from 6.7% to 16.6%. The homeostatic
model of assessment for insulin resistance (HOMA-IR)
was calculated by dividing the product of glucose
(mmol L�1) and insulin (μIU L�1) by 22.5 (44).

Statistical analyses

A priori power calculation was set at >0.80 and was
based on change in fat mass between diet groups from
previous research in our lab utilizing similar diet and exer-
cise interventions (22,23,25–27) as well as considering
the change in body weight reported in a similar study
(17). This analysis revealed that a sample size of 15–20

participants per group was sufficient to detect meaningful
changes in fat mass. Given this, we employed an intent-
to-treat procedure using expectation maximization (45)
to replace missing values for participants who completed
at least 12 weeks of the intervention (n = 63). A total of 51
participants completed the 24-week intervention, and the
following completed at least 12 weeks of the 24-week in-
tervention: three participants in NA-MC, four in A-MC,
four in NA-LC and one in A-LC completed at least
12 weeks of the 24-week intervention. This resulted in
628 data points that were imputed out of 10,458 total
data points, which is 6% of the data. All data were
analysed with IBM® SPSS® Version 25 software (IBM
Corp., Armonk, NY, USA).

General linear model (GLM) multivariate analysis was
used to determine differences between groups at base-
line. Related variables were analysed using univariate,
multivariate and repeated measures GLM. For body com-
position analysis, baseline variables were used as covar-
iates. The overall multivariate Wilks’ Lamda and
Greenhouse–Geisser univariate p-levels are reported.
Data were considered significant when the probability of
type I error was 0.05 or less (p < 0.05). Partial eta squared
effect sizes (ηp

2) are reported as an indicator of effect size
when the p-level was close to significance (i.e. p< 0.1 but
p > 0.05) (46). An eta squared around 0.02 was consid-
ered small, 0.13 medium and 0.26 large (46). Tukey’s least
significant differences post hoc analyses were performed
to determine differences among groups. Mean changes
from baseline as well as per cent changes from baseline
were calculated and analysed using one-way ANOVA to
determine mean changes with 95% confidence intervals
(CIs). Mean changes with 95% CIs completely above or
below baseline were considered significantly different
(46). Data are presented as means ± standard deviations,
mean change from baseline with 95% CIs or mean per
cent change from baseline with 95% CIs.

Results

Baseline characteristics

Multivariate GLM analysis revealed no overall Wilks’
Lamba diet (p = 0.22), genotype (p = 0.60) or diet × geno-
type (p = 0.15) effects. Table 1 presents univariate analy-
sis of participant demographics. A statistically significant
difference between genotype groups for height was ob-
served (p = 0.01), suggesting that participants that were
not aligned to genotype were taller. Additionally, the dif-
ference between fat-free mass between genotype groups
was close to significance (p = 0.06); therefore, we normal-
ized data among groups by calculating delta values from
baseline as well as per cent changes from baseline.

Obesity Science & Practice Impact of diet aligned to genotype on weight loss A. M. Coletta et al. 559

© 2018 The Authors
Obesity Science & Practice published by John Wiley & Sons Ltd, World Obesity and The Obesity Society. Obesity Science & Practice



T
ab

le
1

P
ar
tic

ip
an

t
d
em

o
g
ra
p
hi
cs

at
b
as

el
in
e

V
ar
ia
b
le

M
C

LC
A

N
A

A
-M

C
N
A
-M

C
A
-L
C

N
A
-L
C

M
ea

n

D
ie
t

G
en

o
ty
p
e

D
×
G

p
-l
ev

el
p
-l
ev

el
p
-l
ev

el

A
g
e
(y
ea

rs
)

38
.8

±
12

.5
41

.9
±
12

.3
40

.4
±
11

.7
40

.5
±
13

.3
39

.6
±
12

.6
37

.4
±
13

.0
41

.5
±
10

.8
42

.2
±
13

.5
40

.4
±
12

.4
0.
31

0.
82

0.
67

H
ei
g
ht

(c
m
)

16
2.
1
±
5.
9

16
3.
7
±
8.
4

16
0.
8
±
6.
0

16
5.
5
±
7.
9

16
0.
4
±
4.
7

16
5.
5
±
6.
8

16
1.
3
±
7.
6

16
5.
6
±
8.
7

16
3.
0
±
7.
3

0.
78

0.
01

*
0.
82

W
ei
g
ht

(k
g
)

93
.3

±
23

.8
94

.3
±
24

.5
89

.8
±
19

.8
98

.5
±
24

.4
88

.2
±
17

.0
10

3.
3
±
22

.4
92

.0
±
23

.8
95

.9
±
25

.5
93

.8
±
22

.3
0.
76

0.
11

0.
34

B
M
I(
kg

m
�2
)

35
.5

±
7.
5

35
.0

±
8.
2

34
.6

±
7.
0

36
.0

±
8.
7

34
.3

±
6.
8

37
.9

±
8.
8

35
.0

±
7.
6

34
.9

±
8.
7

35
.2

±
7.
8

0.
58

0.
40

0.
37

F
at

m
as

s
(k
g
)

39
.2

±
11

.7
39

.7
±
14

.4
37

.5
±
41

.8
41

.8
±
15

.2
36

.7
±
10

.7
44

.1
±
12

.7
38

.5
±
14

.2
40

.6
±
16

.6
39

.5
±
13

.6
0.
81

0.
19

0.
47

F
at
-f
re
e
m
as

s
(k
g
)

47
.6

±
8.
3

47
.6

±
9.
0

45
.8

±
7.
9

49
.7

±
9.
1

45
.3

±
6.
9

52
.1

±
9.
3

46
.6

±
9.
4

48
.4

±
9.
0

47
.6

±
8.
6

0.
59

0.
06

0.
27

B
o
d
y
fa
t
(%

)
44

.3
±
4.
7

44
.3

±
6.
0

44
.1

±
5.
1

44
.6

±
5.
3

43
.9

±
5.
0

45
.2

±
4.
0

44
.3

±
5.
3

44
.3

±
6.
6

44
.3

±
5.
3

0.
88

0.
65

0.
64

W
ai
st
:H
ip

ra
tio

0.
79

±
0.
50

0.
78

±
0.
05

0.
79

±
0.
05

0.
77

±
0.
05

0.
80

±
0.
04

0.
77

±
0.
06

0.
78

±
0.
05

0.
77

±
0.
05

0.
78

±
0.
05

0.
34

0.
15

0.
41

P
ea

k
V
O
2
(m

L/
kg

/m
in
)

21
.4

±
4.
2

22
.2

±
5.
4

22
.2

±
4.
1

21
.3

±
5.
6

22
.7

±
2.
9

18
.9

±
3.
9

21
.6

±
4.
6

22
.6

±
6.
0

21
.8

±
4.
8

0.
31

0.
27

0.
06

B
en

ch
p
re
ss

1R
M

(k
g
kg

�1
b
o
d
y
w
ei
g
ht
)

0.
39

±
0.
09

0.
37

±
0.
11

0.
40

±
0.
10

0.
36

±
0.
10

0.
42

±
0.
09

0.
35

±
0.
05

0.
39

±
0.
11

0.
37

±
0.
12

0.
38

±
0.
10

0.
74

0.
11

0.
40

Le
g
p
re
ss

1R
M

(k
g
kg

�1
b
o
d
y
w
ei
g
ht
)

2.
50

±
0.
88

2.
18

±
0.
73

2.
44

±
0.
91

2.
21

±
0.
67

2.
63

±
1.
02

2.
25

±
0.
45

2.
18

±
0.
71

2.
19

±
0.
77

2.
34

±
0.
82

0.
23

0.
39

0.
37

R
es

tin
g
en

er
g
y
ex

p
en

d
itu

re
(k
ca

ld
�1
)

1,
45

4
±
29

3
1,
41

5
±
30

7
1,
40

5
±
29

9
1,
46

8
±
30

4
1,
39

7
±
27

4
1,
56

8
±
31

0
1,
41

6
±
34

2
1,
41

5
±
30

6
1,
43

4
±
30

4
0.
40

0.
29

0.
29

R
es

tin
g
en

er
g
y
ex

p
en

d
itu

re
(k
ca

l/k
g
/d
)

19
.2
0
±
5.
85

20
.7
9
±
8.
57

20
.5
1
±
6.
46

19
.4
7
±
8.
42

19
.8
9
±
6.
21

17
.8
0
±
5.
05

21
.3
8
±
6.
96

21
.3
8
±
8.
75

20
.0
3
±
7.
39

0.
31

0.
43

0.
79

*p
<

0.
05

.
D
at
a
ar
e
p
re
se

nt
ed

as
m
ea

n
±
st
an

d
ar
d
d
ev

ia
tio

ns
.T

he
p
-l
ev

el
s
ar
e
fr
o
m

un
iv
ar
ia
te

an
al
ys
is
.A

,d
ie
t
al
ig
ne

d
to

g
en

o
ty
p
e
(n

=
34

);
B
M
I,
b
o
d
y
m
as

s
in
d
ex

;D
,d

ie
t;
G
,g

en
o
ty
p
e;

LC
,l
o
w

ca
rb
o
hy

-
d
ra
te

d
ie
t
(n

=
33

);
M
C
,
m
o
d
er
at
e
ca

rb
o
hy

d
ra
te

d
ie
t
(n

=
30

);
N
A
,
d
ie
t
no

t
al
ig
ne

d
to

g
en

o
ty
p
e
(n

=
29

),
A
-M

C
(n

=
20

),
N
A
-M

C
(n

=
10

),
A
-L
C

(n
=
14

),
N
A
-L
C

(n
=
19

);
V
O
2
,o

xy
g
en

up
ta
ke

.

560 Impact of diet aligned to genotype on weight loss A. M. Coletta et al. Obesity Science & Practice

© 2018 The Authors
Obesity Science & Practice published by John Wiley & Sons Ltd, World Obesity and The Obesity Society. Obesity Science & Practice



Dietary intake and resting energy expenditure

Tables 2 and 3 present univariate analysis of dietary in-
take data. Significant time effects were observed for all
variables (p < 0.05). On average, all participants reduced
energy intake by �449 ± 607 to �553 ± 505 kcals d�1.
Additionally, the diet interventions were successful in de-
creasing carbohydrate (CHO) intake (�38.4 ± 28.9 to
�42.0 ± 34.3% kcal CHO per day) and fat intake
(�38.8 ± 6.2 to �34.0 ± 7.3% kcal fat per day) while in-
creasing protein intake (31.2 ± 58.3 to 38.3 ± 56.3% kcal
protein per day) with relative protein intake ranging from
1.01 ± 0.39 to 1.33 ± 0.79 g/kg/d among groups. Individ-
uals in the LC group on average consumed approximately
28–31% kcals from CHO and 34–37% kcals from fat,
which was slightly above the prescription for CHO (20%
kcal CHO) but met the prescription for fat (35% kcal
CHO). Individuals in the MC group on average consumed
33–36% kcal CHO and 32–34% kcal fat, which was very
close to the prescription of CHO and slightly above the
prescription for fat. However, those in the LC group con-
sistently consumed less CHO (MC: �60.7 [�36.2, �85.2];
LC: �92.6 [�70.3, �114.8] g d�1, p = 0.059) throughout
the study, and this observation was significantly different
between groups when expressed as mean per cent
change from baseline (MC: �30.2 [�20.4, �40.1], LC:
�45.4 [�36.4, �54.3] %, p = 0.027).

Regarding REE, multivariate analysis revealed a signif-
icant overall Wilks’ Lambda time effect (p < 0.001), but no
significant interactions for time × diet (p = 0.993),
time × genotype (p = 0.466) or time × diet × genotype
(p = 0.54). Table 4 presents univariate analysis related to
REE data. Significant group effects were observed for
REE (p = 0.03) and respiratory exchange ratio (RER)
(p = 0.02). Interestingly, participants aligned to genotype
had significantly lower REE and RER values at several
time points. Additionally, significant time effects were ob-
served for REE and RER (p = 0.003 and p = 0.001, respec-
tively) (Table 4). REE levels increased above baseline,
while RER values declined in all groups towards the end
of the study, which indicates greater fat oxidation.

Body composition

Multivariate analysis revealed an overall Wilks’ Lambda
time effect (p < 0.001) with no significant time × diet
(p = 0.278), time × genotype (p = 0.985) or time × diet × ge-
notype (p = 0.914) interactions, group interactions or
group effects for body composition variables. Table 5
presents univariate analysis of body composition data.
Significant time effects were observed for all variables
(p< 0.05). When adjusted for baseline values, multivariate
GLM did not reveal significant time effects, group effects

or interactions, or time interactions. Univariate analysis
also did not reveal significant group effects or interac-
tions, or time effects or interactions; however, a time × diet
interaction for weight (p = 0.05, ηp

2 = 0.061) and fat mass
(p = 0.064, ηp

2 = 0.048) that was close to statistical signif-
icance was observed. A significant diet interaction was
not observed for fat-free mass (p = 0.301) or body fat per-
centage (p = 0.40). Post hoc analysis revealed a signifi-
cant difference between diet groups in body weight
(p = 0.045) but not fat mass (p = 0.077, ηp

2 = 0.056) at
week 24.

When assessed as per cent change from baseline, sig-
nificant time effects were observed for body composition
variables (p < 0.001) (Figure 3). By 24 weeks, on average
participants lost 4.75% body weight (�4.75 [�3.5, �6.0]
%), 9.38% fat mass (�9.38 [�6.8, �11.9] %), 1.10% fat-
free mass (�1.10 [�0.002, �11.7] %) and 4.92% body
fat (�4.93 [�3.3, �6.6] %). A significant diet effect was
not observed (p = 0.051, ηp

2 = 0.025), but overall partici-
pants following LC exhibited greater improvements in
body composition variables than those following the MC
diet (weight: MC �3.32 [�1.4, �5.2], LC �5.82 [�4.1,
�7.6]; fat mass: MC �7.25 [�3.2, �11.2], LC �10.93
[�7.3, �14.5]; fat-free mass: MC �0.32 [1.4, �2.0], LC
�1.48 [0.7, �3.0]; body fat: MC �4.19 [�1.6, �6.8], LC
�5.60 [�3.3, �7.9] %). A significant genotype effect or
time × genotype interaction was not observed (weight: A
�5.00 [�3.3, �6.7], NA �4.14 [�2.2, �6.1]; fat mass: A
�10.15 [�7.0, �13.6], NA �8.02 [�4.0, �12.0]; fat-free
mass: A �1.23 [0.3, �2.8], NA �0.56 [1.12, �2.3]; body
fat: A �5.28 [�3.0, �7.6], NA �4.51 [�1.9, �7.1] %).

Exercise capacity

Table 6 presents univariate analysis of cardiopulmonary
maximal exercise variables. Significant time effects were
observed for absolute and relative peak oxygen uptake
(p < 0.001), time to exhaustion (p < 0.001) and peak sys-
tolic blood pressure (p = 0.01) (Table 6). When assessed
as per cent change from baseline, significant time effects
were observed for absolute (9.8% ± 11%, p < 0.001) and
relative (15.6% ± 13.3%, p < 0.001) peak oxygen uptake,
time to reach maximal effort (14.9% ± 13.5%, p < 0.001),
peak systolic blood pressure (5.4% ± 12.8%, p = 0.003)
and peak rating of perceived exertion (4.4% ± 10.0%,
p = 0.026) in all groups but were not observed for peak
heart rate (3.1% ± 8.4%, p = 0.113) or peak diastolic
blood pressure (�0.8% ± 13.2%, p = 0.319). Significant
time × genotype × diet interactions were observed in per
cent changes in peak oxygen uptake variables. Among in-
dividuals following the LC diet, post hoc analysis revealed
greater improvements in absolute and relative peak oxy-
gen uptake among individuals aligned to genotype diet
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(A-LC) compared with individuals not aligned to genotype
diet (NA-LC) (absolute: A-LC 12.9 ± 12.2, NA-LC
4.4 ± 10.6 L min�1, p = 0.025; relative: A-LC
14.7 ± 12.2, NA-LC 9.6 ± 10.5 mL/kg/min, p = 0.047) after
24 weeks of training. No other significant interactions or
group effects were observed.

Table 7 presents univariate analysis of muscular
strength and endurance variables. Significant time effects
were observed for bench press 1RM (p < 0.001) and leg
press 1RM (p < 0.001). Participants improved bench
press 1RM by 17.2% (17.2% ± 21.4%, p < 0.001) and
leg press 1RM by 24% (24.0% ± 24.5%, p < 0.001)
(Table 7). While a time effect was not observed for leg or
bench press lifting volume, when assessed as per cent
change from baseline, a significant change was observed
in leg press lifting volume (35.0% ± 100%, p = 0.025) but
not bench press lifting volume (22.9% ± 78.6%,
p = 0.054).

Biomarkers of health

Table 8 presents univariate analysis of blood lipid vari-
ables. Significant time effects were observed for all blood
lipid variables (p < 0.05), such that all participants experi-
enced favourable changes in blood lipids by 24 weeks.
Significant group effect for diet was observed for total
cholesterol (p < 0.001), LDL cholesterol (p < 0.001) and
triglycerides (p < 0.001) such that values were generally
lower in the LC diet group. No other significant diet or ge-
notype group effects were observed. Further, significant
time × diet interactions were observed in total cholesterol
(p < 0.001), HDL cholesterol (p = 0.02), LDL cholesterol
(p = 0.001) and triglycerides (p < 0.001). No other signifi-
cant interactions were observed. When assessed as per
cent change from baseline, on average all participants ex-
perienced a 2.1% reduction in total cholesterol
(�2.1% ± 16.4%, p < 0.001), 7.4% reduction in triglycer-
ides (�7.4% ± 32%, p = 0.027), 9.1% reduction in total
cholesterol to HDL cholesterol ratio (�9.1% ± 16.5%,
p < 0.001) and a 10.8% improvement in HDL cholesterol
(10.8% ± 26%, p < 0.001).

Table 9 presents univariate analysis for variables re-
lated to glucose homeostasis. A significant time effect
was observed for insulin (p = 0.001) and HOMA-IR
(p = 0.001). A significant time effect was not observed
for glucose (p = 0.18); however, a significant diet effect
was observed for glucose (p < 0.001), such that individ-
uals in MC generally had lower fasting levels of glucose.
No other significant diet effects were observed, but a sig-
nificant genotype effect was observed for insulin
(p = 0.03) and HOMA-IR (p = 0.04), where levels were gen-
erally higher in individuals not aligned to genotype diet.
No significant interactions were observed. WhenT
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Figure 3 Per cent changes from baseline with 95% confidence intervals in body composition variables between diet groups (a) and genotype
groups (b). A, diet aligned to genotype; D, diet; G, genotype; LC, lower carbohydrate; MC, moderate carbohydrate; NA, diet not aligned to ge-
notype; T, time.
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Table 6 Cardiopulmonary maximal exercise responses

Variable Group Baseline 12 weeks 24 weeks p-level

Absolute peak oxygen uptake (L min�1) MC 1.94 ± 0.31 2.14 ± 0.35 2.16 ± 0.34 Diet 0.98
LC 1.99 ± 0.34 2.12 ± 0.36 2.14 ± 0.34 Genotype 0.82
A 1.95 ± 0.35 2.12 ± 0.38 2.15 ± 0.36 G × D 0.68
NA 1.99 ± 0.29 2.14 ± 0.32 2.15 ± 0.32 T × D 0.08
A-MC 1.97 ± 0.36 2.14 ± 0.39 2.15 ± 0.37 T × G 0.90
NA-MC 1.89 ± 0.17 2.13 ± 0.26 2.19 ± 0.30 T × G × D 0.01
A-LC 1.92 ± 0.35 2.09 ± 0.38 2.14 ± 0.36 Time <0.001
NA-LC 2.05 ± 0.32 2.14 ± 0.36 2.13 ± 0.33
Mean 1.97 ± 0.32 2.13* ± 0.35 2.15* ± 0.34

Relative peak oxygen uptake (mL/kg/min) MC 21.41 ± 4.20 24.48 ± 4.50 24.94 ± 4.65 Diet 0.41
LC 22.17 ± 5.40 24.65 ± 5.82 25.40 ± 6.04 Genotype 0.19
A 22.24 ± 4.14 25.23 ± 4.68 25.90 ± 4.58 G × D 0.17
NA 21.31 ± 5.59 23.80 ± 5.72 24.34 ± 6.16 T × D 0.65
A-MC 22.67 ± 3.88 25.62 ± 4.29 26.00 ± 4.22 T × G 0.43
NA-MC 18.89 ± 3.79 22.20 ± 4.20 22.80 ± 4.93 T × G × D 0.17
A-LC 21.62 ± 4.56 24.68 ± 5.29 25.76 ± 5.21 Time <0.001
NA-LC 22.58 ± 6.04 24.64 ± 6.32 25.14 ± 6.71
Mean 21.81 ± 4.85 24.57* ± 5.19 25.18*,** ± 5.38

Time to exhaustion (s) MC 463.2 ± 93.9 511.4 ± 82.5 528.4 ± 81.4 Diet 0.24
LC 488.7 ± 104.0 538.2 ± 115.5 550.3 ± 107.0 Genotype 0.58
A 479.8 ± 92.0 525.9 ± 83.1 543.4 ± 79.4 G × D 0.39
NA 472.7 ± 108.9 525.0 ± 120.7 535.7 ± 112.9 T × D 0.83
A-MC 476.3 ± 103.4 523.1 ± 85.5 539.8 ± 81.4 T × G 0.74
NA-MC 437.1 ± 68.7 488.2 ± 74.7 505.5 ± 80.5 T × G × D 0.77
A-LC 484.9 ± 76.4 529.9 ± 82.4 548.6 ± 79.2 Time <0.001
NA-LC 491.5 ± 122.5 544.3 ± 136.8 551.6 ± 125.8
Mean 476.5 ± 99.4 525.4* ± 101.2 539.9*,** ± 95.6

Peak heart rate (bpm) MC 167.6 ± 21.4 165.5 ± 17.4 171.7 ± 17.9 Diet 0.56
LC 169.0 ± 15.2 168.9 ± 13.5 173.7 ± 13.4 Genotype 0.85
A 169.4 ± 18.4 165.2 ± 14.5 174.2 ± 15.1 G × D 0.31
NA 167.0 ± 18.4 169.7 ± 16.3 171.0 ± 16.3 T × D 0.92
A-MC 166.8 ± 22.4 162.0 ± 16.7 173.0 ± 17.8 T × G 0.13
NA-MC 169.2 ± 20.4 172.5 ± 17.4 169.0 ± 18.9 T × G × D 0.33
A-LC 173.2 ± 10.3 169.9 ± 9.4 176.0 ± 10.7 Time 0.11
NA-LC 165.8 ± 17.6 168.2 ± 16.0 172.0 ± 15.1
Mean 168.3 ± 18.3 167.3 ± 15.4 172.7 ± 15.6

Peak systolic blood pressure (mmHg) MC 156.8 ± 17.3 165.5 ± 17.4 160.6 ± 16.6 Diet 0.45
LC 151.6 ± 14.4 168.9 ± 13.5 161.3 ± 11.9 Genotype 0.86
A 153.6 ± 16.7 165.2 ± 14.5 160.3 ± 16.1 G × D 0.61
NA 154.7 ± 15.4 169.7 ± 16.3 161.7 ± 11.9 T × D 0.48
A-MC 157.0 ± 16.4 159.3 ± 15.5 159.7 ± 18.1 T × G 0.65
NA-MC 156.4 ± 20.2 154.2 ± 18.8 162.4 ± 13.8 T × G × D 0.60
A-LC 148.7 ± 16.5 155.1 ± 10.4 161.3 ± 13.3 Time 0.01
NA-LC 153.7 ± 12.6 156.0 ± 15.5 161.3 ± 11.2
Mean 154.1 ± 16.0 156.6 ± 14.9 161.0* ± 14.2

Peak diastolic blood pressure (mmHg) MC 78.9 ± 9.8 77.5 ± 6.2 77.6 ± 6.0 Diet 0.14
LC 75.9 ± 7.9 78.2 ± 8.5 74.3 ± 6.8 Genotype 0.31
A 76.2 ± 9.1 77.9 ± 7.9 75.6 ± 7.4 G × D 0.97
NA 78.7 ± 8.6 77.8 ± 7.0 76.1 ± 5.6 T × D 0.13
A-MC 78.1 ± 9.9 77.3 ± 7.0 77.1 ± 6.6 T × G 0.35
NA-MC 80.4 ± 9.8 78.0 ± 4.6 78.5 ± 4.7 T × G × D 0.72
A-LC 73.4 ± 7.3 78.7 ± 9.3 43.5 ± 8.2 Time 0.24
NA-LC 77.8 ± 8.0 77.8 ± 8.1 74.8 ± 5.7
Mean 77.3 ± 8.9 77.8 ± 7.5 75.8 ± 6.6

Continues
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assessed as per cent change from baseline, insulin in-
creased by 31.5% (31.5% ± 52.8%, p < 0.001) and
HOMA-IR increased by 37.7% (37.7% ± 63.6%,
p < 0.001).

Discussion

The purpose of this study was to (1) determine the effi-
cacy of two moderately higher protein diets that varied
in carbohydrate and fat content on changes in weight,
body composition, exercise capacity and biomarkers of
health in sedentary women with obesity participating in
a circuit-style resistance training program and (2) deter-
mine if alignment of genotype related to lipid metabolism
using a direct-to-consumer genetic screening kit would
promote greater benefits. Results indicated that at
24 weeks, all participants experienced significant reduc-
tions in weight, fat mass, per cent body fat and several
biomarkers of health, with some evidence that partici-
pants in the LC group experienced greater improvements.
However, alignment of these diets to the genotype profile
used in the current investigation did not promote greater
changes in weight, body composition, exercise capacity
or biomarkers of health. These findings do not support
use of the tested direct-to-consumer genetic screening
kit to optimize weight loss or other health outcomes when
participating in a circuit-style resistance training program
while following moderately higher protein diet programs.

Our findings contrast results from Dopler-Nelson and
colleagues (17) retrospective study, who reported a
twofold to threefold greater weight loss in individuals
following diets that were retrospectively aligned to this
genetic profile yet support results from a larger study this
research group recently reported (19). In this regard,

Gardner and colleagues (19) randomly assigned 609
participants to a lower fat (48–53% kcal carbohydrate;
24–29% kcal fat; 21–22% kcal protein) or lower carbohy-
drate (23–30% kcal carbohydrate; 45–49% kcal fat;
23–26% kcal protein) diet for 52 weeks. Participants were
instructed to continue normal physical activity habits.
Insulin response to an oral glucose challenge as well
as three of the five candidate genes included in the
profile of the present investigation (PPARGrs1801282,
ADRB2rs1042714 and FABP2rs1799883) were assessed.
At 52 weeks, weight change in participants following the
lower fat diet was �5.3 kg, while individuals following
the lower carbohydrate diet were �6.0 kg (mean differ-
ence 0.7 kg [95% CI, �0.2 to 1.6 kg]). There were no
significant interactions observed for diet to genotype or
diet to insulin response to an oral glucose challenge.
The researchers concluded that aligning these diets to
the tested genotype patterns did not promote greater
weight loss success.

Accordingly, in Frankwich and colleagues (47) 24-week
diet intervention, 51 participants were randomized to a
standard balanced diet or a diet that aligned with dietary
recommendations related to carbohydrate and fat intake
based on candidate genes in the tested profile
(APOA2rs5082, ADIPOQrs17300539, FTOrs9939609,
KCTD10rs10850219, LIPCrs1800588, MMABrs2241201
and PPARFrs1801280). At 24 weeks, statistically signifi-
cant differences between diet groups were not observed
for per cent weight loss, glucose homeostasis or fasting
blood lipids. Investigators concluded that aligning these
diets to the tested genotype patterns also did not opti-
mize weight loss.

With that said, some investigations have observed sta-
tistically significant changes in health outcomes when

Table 6. Continued

Variable Group Baseline 12 weeks 24 weeks p-level

Peak rating of perceived exertion
(20 = maximal exertion)

MC 17.9 ± 1.2 18.2 ± 2.1 18.5 ± 1.0 Diet 0.24
LC 17.5 ± 1.7 17.8 ± 1.5 18.2 ± 1.3 Genotype 0.22
A 17.4 ± 1.7 17.9 ± 2.0 18.4 ± 1.3 G × D 0.79
NA 18.0 ± 1.1 17.2 ± 1.5 18.2 ± 1.1 T × D 0.74
A-MC 17.7 ± 1.3 18.0 ± 2.4 18.6 ± 0.7 T × G 0.23
NA-MC 18.3 ± 0.8 18.8 ± 1.4 18.3 ± 1.5 T × G × D 0.57
A-LC 17.1 ± 2.2 17.7 ± 1.4 18.2 ± 1.8 Time 0.05
NA-LC 17.8 ± 1.2 17.8 ± 1.5 18.2 ± 0.9
Mean 17.7 ± 1.5 18.0 ± 1.8 18.3* ± 1.2

*Different from baseline (p < 0.05).
**Different from 12 weeks (p < 0.05).
Data presented as mean ± standard deviations. The p-levels are from univariate analysis. A, diet aligned to genotype (n = 34); D, diet effect; G,
genotype match to diet effect; G × D, genotype match to diet × diet effect; LC, low carbohydrate diet (n = 33); MC, moderate carbohydrate diet
(n = 30); NA, diet not aligned to genotype (n = 29), A-MC (n = 20), NA-MC (n = 10), A-LC (n = 14), NA-LC (n = 19); T, time effect; T × D, time × diet
effect; T × G, time × genotype match to diet effect; T × G × D, time × diet × genotype match to diet effect.
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aligning a diet based on one genetic polymorphism as
opposed to a profile of multiple genes. For example, Grau
et al. (48) prospective trial evaluated the interaction
between allele patterns of transcription factor 7-like 2
(TCF7L2 rs7903146) and dietary fat and carbohydrate in-
take among 739 obese individuals. Participants followed
a high-fat (40–45% kcal carbohydrate, 40–45% kcal fat,
15% kcal protein) or lower fat/higher carbohydrate
(60–65% kcal carbohydrate, 20–25% kcal fat, 15% kcal
protein) hypo-energetic diet (2,600 kcal d�1) for 10 weeks.

Overall individuals who were homozygous for the T-allele
and followed the high-fat diet experienced less weight
loss and changes in fat-free mass, waist circumference
and homeostatic model insulin resistance than those in
the low-fat diet groups. Additionally, for those following
the high-fat diet, each additional T-allele was associated
with less fat loss. The investigators concluded that indi-
viduals with obesity who were homozygous for T allele
in TCF7L2 rs7903146 were more sensitive to lower
fat/higher carbohydrate diet versus high-fat diets.

Table 7 Upper and lower extremity muscular strength and endurance

Variable Group Baseline 12 weeks 24 weeks p-level

Bench press 1RM (kg) MC 36.14 ± 8.13 38.94 ± 8.89 52.17 ± 51.70 Diet 0.07
LC 33.33 ± 7.00 35.48 ± 6.62 38.37 ± 15.91 Genotype 0.64
A 35.16 ± 7.55 37.85 ± 8.12 49.79 ± 48.62 G × D 0.63
NA 34.09 ± 7.80 36.29 ± 7.72 39.26 ± 17.78 T × D 0.35

A-MC 36.14 ± 8.47 38.98 ± 9.68 56.91 ± 62.77 T × G 0.56
NA-MC 36.14 ± 7.83 38.86 ± 7.53 42.67 ± 11.99 T × G × D 0.49
A-LC 33.77 ± 6.04 36.23 ± 5.05 39.61 ± 7.23 Time <0.001
NA-LC 33.01 ± 7.78 34.93 ± 7.66 37.47 ± 20.25
Mean 34.67 ± 7.63 37.13* ± 7.91 44.94*,** ± 37.80

Bench press lifting volume (kg) MC 239.85 ± 87.8 240.8 ± 97.0 232.2 ± 72.0 Diet 0.40
LC 213.02 ± 116.3 219.7 ± 94.3 231.0 ± 89.2 Genotype 0.60
A 238.57 ± 94.4 235.4 ± 93.8 232.3 ± 87.2 G × D 0.48
NA 210.82 ± 113.6 223.1 ± 98.5 230.7 ± 74.2 T × D 0.65

A-MC 238.52 ± 86.2 236.6 ± 100.7 234.5 ± 72.5 T × G 0.77
NA-MC 242.50 ± 95.6 249.1 ± 93.7 227.6 ± 74.7 T × G × D 0.56
A-LC 238.64 ± 108.6 233.7 ± 86.6 229.3 ± 107.7 Time 0.95
NA-LC 194.14 ± 121.1 209.4 ± 100.6 232.4 ± 75.9
Mean 225.79 ± 103.8 229.7 ± 95.4 231.6 ± 80.8

Leg press 1RM (kg) MC 230.38 ± 84.1 269.8 ± 97.7 293.6 ± 111.9 Diet 0.03
LC 197.93 ± 59.7 221.6 ± 69.6 231.8 ± 75.0 Genotype 0.98
A 214.57 ± 81.7 249.5 ± 92.8 271.5 ± 107.6 G × D 0.96
NA 211.99 ± 64.2 238.6 ± 80.6 249.2 ± 87.2 T × D 0.06

A-MC 230.23 ± 96.5 270.6 ± 109.3 294.7 ± 127.4 T × G 0.48
NA-MC 230.68 ± 56.0 268.2 ± 74.3 291.6 ± 77.6 T × G × D 0.63
A-LC 192.21 ± 49.2 219.5 ± 52.7 238.4 ± 60.3 Time <0.001
NA-LC 202.15 ± 67.3 223.1 ± 81.3 226.9 ± 85.5
Mean 213.38 ± 73.6 244.5* ± 86.9 261.2*,** ± 98.6

Leg press lifting volume (kg) MC 2,828.03 ± 1,831 3,204 ± 2,868 3,445 ± 2,919 Diet 0.14
LC 2,237.67 ± 1,284 2,360 ± 1,292 2,388 ± 1,147 Genotype 0.62
A 2,680.08 ± 1,784 2,997 ± 2,726 3,026 ± 2,714 G × D 0.30
NA 2,329.70 ± 1,316 2,487 ± 1,386 2,733 ± 1,492 T × D 0.41

A-MC 3,057.50 ± 2,163 3,511 ± 3,388 3,652 ± 3,388 T × G 0.74
NA-MC 2,369.09 ± 760 2,590 ± 1,276 3,031 ± 1,712 T × G × D 0.94
A-LC 2,140.91 ± 842 2,263 ± 1,045 2,132 ± 677 Time 0.13
NA-LC 2,308.97 ± 1,551 2,432 ± 1,472 2,577 ± 1,385
Mean 2,518.80 ± 1,583 2,762 ± 2,211 2,891 ± 2,224

*Different from baseline (p < 0.05).
**Different from 12 weeks (p < 0.05).
Data presented as mean ± standard deviations. The p-levels are from univariate analysis. 1RM, one repetition maximum; A, diet aligned to ge-
notype (n = 34); D, diet effect; G, genotype match to diet effect; G × D, genotype match to diet × diet effect; T, time effect; T × D, time × diet
effect; T × G, time × genotype match to diet effect; T × G × D, time × diet × genotype match to diet effect; LC, low carbohydrate diet
(n = 33); MC, moderate carbohydrate diet (n = 30); NA, diet not aligned to genotype (n = 29), A-MC (n = 20), NA-MC (n = 10), A-LC (n = 14),
NA-LC (n = 19).
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Furthermore, Qi and associates (49) examined whether
adherence to a higher carbohydrate/low fat (55–65% kcal
carbohydrate, 20% kcal fat, 15% kcal protein) or lower

carbohydrate/higher fat diet (35–45% kcal carbohydrate,
40% kcal fat, 15% kcal protein) were modified by the
effects of allele patterns of glucose-dependent

Table 8 Lipid profile analysis

Variable Group Baseline 12 weeks 24 weeks p-level

Total cholesterol (mmol L�1) MC 6.30*** ± 1.38 7.02*,*** ± 1.38 5.66*,** ± 0.99 Diet <0.001
LC 5.04 ± 0.99 5.30 ± 1.06 5.16 ± 1.05 Genotype 0.30
A 5.87 ± 1.49 6.44 ± 1.55 5.55 ± 1.10 G × D 0.23
NA 5.37 ± 1.13 5.75 ± 1.37 5.21 ± 0.95 T × D <0.001
A-MC 6.54 ± 1.34 7.21 ± 1.32 5.83 ± 0.99 T × G 0.95
NA-MC 5.85 ± 1.42 6.66 ± 1.50 5.31 ± 0.96 T × G × D 0.67
A-LC 4.93 ± 1.16 5.34 ± 1.14 5.16 ± 1.18 Time <0.001
NA-LC 5.12 ± 0.88 5.27 ± 1.04 5.16 ± 0.97
Mean 5.64 ± 1.35 6.12* ± 1.49 5.40*,** ± 1.04

High-density lipoprotein (mmol L�1) MC 1.55 ± 0.53 1.80* ± 0.53 1.53*,** ± 0.46 Diet 0.22
LC 1.36 ± 0.42 1.57 ± 0.42 1.54 ± 0.43 Genotype 0.63
A 1.43 ± 0.50 1.69 ± 0.49 1.51 ± 0.40 G × D 0.58
NA 1.46 ± 0.48 1.66 ± 0.50 1.57 ± 0.49 T × D 0.02
A-MC 1.53 ± 0.52 1.82 ± 0.54 1.54 ± 0.44 T × G 0.75
NA-MC 1.58 ± 0.59 1.75 ± 0.55 1.53 ± 0.53 T × G × D 0.71
A-LC 1.29 ± 0.45 1.50 ± 0.34 1.46 ± 0.33 Time <0.001
NA-LC 1.40 ± 0.41 1.62 ± 0.48 1.60 ± 0.49
Mean 1.45 ± 0.49 1.68* ± 0.49 1.54** ± 0.44

Low-density lipoprotein (mmol L�1) MC 3.94 ± 1.04 4.45 ± 1.11 3.58 ± 0.93 Diet <0.001
LC 2.97*** ± 0.77 3.21*** ± 0.77 3.09 ± 0.79 Genotype 0.68
A 3.53 ± 1.17 3.99 ± 1.23 3.39 ± 0.92 G × D 0.03
NA 3.31 ± 0.84 3.58 ± 0.96 3.25 ± 0.86 T × D 0.001
A-MC 4.14 ± 1.06 4.66 ± 1.11 3.71 ± 0.91 T × G 0.74
NA-MC 3.54 ± 0.95 4.03 ± 1.05 3.32 ± 0.98 T × G × D 0.45
A-LC 2.66 ± 0.69 3.04 ± 0.64 2.94 ± 0.76 Time <0.001
NA-LC 3.19 ± 0.77 3.34 ± 0.84 3.21 ± 0.82
Mean 3.43 ± 1.03 3.80 ± 1.13 3.32*,** ± 0.89

Triglycerides (mmol L�1) MC 1.90 ± 0.90 2.06* ± 0.99 1.51*,** ± 0.56 Diet <0.001
LC 1.34*** ± 0.50 1.17*,*** ± 0.41 1.22* ± 0.50 Genotype 0.98
A 1.64 ± 0.85 1.65 ± 0.85 1.46 ± 0.61 G × D 0.93
NA 1.56 ± 0.67 1.53 ± 0.89 1.25 ± 0.45 T × D <0.001
A-MC 1.92 ± 0.94 1.99 ± 0.91 1.54 ± 0.57 T × G 0.18
NA-MC 1.85 ± 0.87 2.21 ± 1.16 1.44 ± 0.57 T × G × D 0.28
A-LC 1.25 ± 0.49 1.17 ± 0.45 1.34 ± 0.66 Time <0.001
NA-LC 1.41 ± 0.51 1.17 ± 0.39 1.14 ± 0.34
Mean 1.61 ± 0.77 1.60* ± 0.86 1.36** ± 0.55

Cholesterol:HDL MC 4.41 ± 1.39 4.17 ± 1.31 3.96 ± 1.20 Diet 0.13
LC 3.95 ± 1.08 3.54 ± 0.95 3.50 ± 0.88 Genotype 0.28
A 4.40 ± 1.39 4.00 ± 1.22 3.87 ± 1.11 G × D 0.72
NA 3.89 ± 1.01 3.64 ± 1.10 3.53 ± 0.99 T × D 0.39
A-MC 4.64 ± 1.49 4.24 ± 1.34 4.06 ± 1.25 T × G 0.42
NA-MC 3.94 ± 1.10 4.02 ± 1.30 3.75 ± 1.13 T × G × D 0.40
A-LC 4.07 ± 1.22 3.67 ± 0.96 3.60 ± 0.86 Time <0.001
NA-LC 3.87 ± 1.00 3.45 ± 0.96 3.41 ± 0.91
Mean 4.17 ± 1.25 3.84* ± 1.17 3.72* ± 1.06

*Different from baseline (p < 0.05).
**Different from 12 weeks (p < 0.05).
***Difference between diet groups (p < 0.05).
Data presented as mean ± standard deviations. The p-levels are from univariate analysis. A, diet aligned to genotype (n = 34); D, diet effect; G,
genotype match to diet effect; G × D, genotype match to diet × diet effect; HDL, high-density lipoprotein; LC, low carbohydrate diet (n = 33); MC,
moderate carbohydrate diet (n = 30); NA, diet not aligned to genotype (n = 29), A-MC (n = 20), NA-MC (n = 10), A-LC (n = 14), NA-LC (n = 19); T,
time effect; T × D, time × diet effect; T × G, time × genotype match to diet effect; T × G × D, time × diet × genotype match to diet effect.
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insulinotropic polypeptide receptor (GIPRrs2287019) on
body weight and glucose and insulin resistance among
737 individuals with obesity. After 24 weeks of interven-
tion, the T allele of GIPRrs2287019 was associated with
greater weight loss and reductions in fasting glucose
and insulin in participants who followed the higher
carbohydrate/low-fat diet. Consequently, while much
more research needs to be done to evaluate the relation-
ship of specific genes to favourable changes in body
weight, composition and other health outcomes related
to chronic disease risk, results of these studies offer
some support to the potential role of aligning diet with
genotype in an effort to optimize health outcomes.

Strengths of the present investigation include the pro-
spective study design (a randomized controlled trial),
length of study and use of both a direct-to-consumer
genetic screening kit for weight management and a com-
mercially available exercise and weight loss program.
Limitations include a relatively small sample size, use of
a prior power calculation based on two-way interactions,

a wide age range that may result in the possibility of
age-related anabolic resistance to the moderately higher
protein diet and resistance training program and the pos-
sibility of inter-individual variations of epigenetic factors
that may have impacted gene expression of the candidate
genes in the genetic profile. Future research should
continue to test potential candidate genes prospectively
and consider testing genes individually as opposed to in
panels, to identify alternative methods to optimize weight
loss and promote favourable changes in health outcomes
associated with chronic disease risk.

Overall, our findings and findings from previous work
do not support use of the genetic polymorphisms tested
here to select diet and optimize weight loss success
and changes in body composition, exercise capacity
and biomarkers of health; however, available evidence
suggests use of other genes for diet selection to improve
health outcomes. From a public health perspective, this
work is important, as once we identify the correct genetic
polymorphism or combination of polymorphisms for diet

Table 9 Glucose homeostasis-related variables

Variable Group Baseline 24 weeks p-level

Glucose (mmol L�1) MC 4.66 ± 0.41 4.93 ± 0.45 Diet <0.001
LC 5.25 ± 0.50 5.24 ± 0.53 Genotype 0.57
A 4.91 ± 0.57 5.10 ± 0.51 G × D 0.52
NA 5.04 ± 0.51 5.08 ± 0.54 T × D 0.15
A-MC 4.61 ± 0.45 4.97 ± 0.47 T × G 0.48
NA-MC 4.76 ± 0.32 4.83 ± 0.41 T × G × D 0.24
A-LC 5.34 ± 0.45 5.29 ± 0.52 Time 0.18
NA-LC 5.18 ± 0.53 5.21 ± 0.56
Mean 4.97 ± 0.54 5.09 ± 0.52

Insulin (microIU mL�1) MC 12.22 ± 7.56 14.35 ± 5.30 Diet 0.93
LC 13.67 ± 6.99 15.09 ± 5.50 Genotype 0.03
A 11.18 ± 6.30 13.35 ± 4.81 G × D 0.45
NA 15.08 ± 7.81 16.36 ± 5.63 T × D 0.53
A-MC 10.71 ± 7.24 12.74 ± 4.63 T × G 0.52
NA-MC 15.24 ± 7.64 17.59 ± 5.28 T × G × D 0.35
A-LC 11.86 ± 4.82 14.22 ± 5.10 Time 0.001
NA-LC 15.00 ± 8.10 15.72 ± 5.83
Mean 12.98 ± 7.24 14.74* ± 5.38

HOMA-IR MC 2.52 ± 1.53 3.09 ± 1.02 Diet 0.27
LC 3.24 ± 1.77 3.56 ± 1.43 Genotype 0.04
A 2.44 ± 1.34 3.04 ± 1.20 G × D 0.50
NA 3.43 ± 1.91 3.69 ± 1.27 T × D 0.45
A-MC 2.18 ± 1.44 2.78 ± 0.94 T × G 0.31
NA-MC 3.20 ± 1.53 3.72 ± 0.92 T × G × D 0.49
A-LC 2.82 ± 1.13 3.41 ± 1.46 Time 0.001
NA-LC 3.55 ± 2.10 3.67 ± 1.44
Mean 2.90 ± 1.69 3.34* ± 1.27

*Different from baseline (p < 0.05).
Data presented as mean ± standard deviations. The p-levels are from univariate analysis. A, diet aligned to genotype (n = 34); D, diet effect; G,
genotype match to diet effect; G × D, genotype match to diet × diet effect; LC, low carbohydrate diet (n = 33); MC, moderate carbohydrate diet
(n = 30); NA, diet not aligned to genotype (n = 29), A-MC (n = 20), NA-MC (n = 10), A-LC (n = 14), NA-LC (n = 19); T, time effect; T × D, time × diet
effect; T × G, time × genotype match to diet effect; T × G × D, time × diet × genotype match to diet effect.
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selection to optimize health outcomes, this knowledge
may contribute significantly to disease prevention.
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