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ABSTRACT
Background: Neuropeptide Y is a key peptide affecting adiposity
and has been related to obesity risk. However, little is known about
the role of NPY variations in diet-induced change in adiposity.
Objective: The objective was to examine the effects of NPY variant
rs16147 on central obesity and abdominal fat distribution in re-
sponse to dietary interventions.
Design: We genotyped a functional NPY variant rs16147 among 723
participants in the Preventing Overweight Using Novel Dietary Strategies
trial. Changes in waist circumference (WC), total abdominal adipose
tissue, visceral adipose tissue, and subcutaneous adipose tissue (SAT)
from baseline to 6 and 24 mo were evaluated with respect to the
rs16147 genotypes. Genotype–dietary fat interaction was also examined.
Results: The rs16147 C allele was associated with a greater reduction
in WC at 6 mo (P , 0.001). In addition, the genotypes showed a sta-
tistically significant interaction with dietary fat in relation to WC and
SAT (P-interaction = 0.01 and 0.04): the association was stronger in
individuals with high-fat intake than in those with low-fat intake. At
24 mo, the association remained statistically significant for WC in the
high-fat diet group (P = 0.02), although the gene–dietary fat interaction
became nonsignificant (P = 0.30). In addition, we found statistically
significant genotype–dietary fat interaction on the change in total ab-
dominal adipose tissue, visceral adipose tissue, and SAT at 24 mo (P =
0.01, 0.05, and 0.04): the rs16147 T allele appeared to associate with
more adverse change in the abdominal fat deposition in the high-fat
diet group than in the low-fat diet group.
Conclusion: Our data indicate that the NPY rs16147 genotypes
affect the change in abdominal adiposity in response to dietary in-
terventions, and the effects of the rs16147 single-nucleotide poly-
morphism on central obesity and abdominal fat distribution were
modified by dietary fat. This trial was registered at clinicaltrials.gov
as NCT00072995. Am J Clin Nutr 2015;102:514–9.

Keywords: dietary fat, fat distribution, gene-nutrient interaction,
neuropeptide Y, SNP

INTRODUCTION

Neuropeptide Y (NPY)16 is a 36–amino acid peptide mainly
secreted by neurons (1) and plays an important role in food

intake (2), obesity (3, 4), immune function (5), and cardiovas-
cular regulation (6, 7). The adipogenic and antilipolytic effects
of NPY have been widely reported (4, 8, 9). Evidence has in-
dicated that the NPY gene is associated with obesity through
stimulating food intake, decreasing energy expenditure (10), and
increasing energy stored as adiposity (11). Previously, we found
that genetic variants in the NPY gene affected long-term weight
change in prospective cohorts (12). A functional single-nucleotide
polymorphism (SNP) in the promoter region of NPY, rs16147
(C-399T), was found to show allele-specific effects on NPY gene
expression and NPY peptide concentrations (12–16).

Central obesity and distribution of body fat have been related
to a variety of metabolic disorders such as diabetes and car-
diovascular disease, independent of overall obesity (17, 18).
Previous studies have also indicated a pivotal role of NPY in
determining body fat distribution. In brief, it has been postulated
that NPY and adipokines form a feedback loop: NPY regulates
the white adipose tissue (WAT) metabolism via the nerve endings
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housed in WAT (19); adipokines, secreted by WAT, then exert as
a sensory input and inform the brain of body fat levels (20, 21).

To date, no studies have assessed the effect of NPY variants on
long-term change in comprehensive measures of central obesity and
abdominal fat distribution in clinical trials. In addition, the in-
teraction between diet and NPY variants on central obesity and ab-
dominal fat distribution has not been investigated in humans.
Therefore, in this study, we aimed to investigate whether the rs16147
genotypes modulated the effects of weight loss diets varying in
macronutrients on changes of waist circumference and abdominal fat
distribution in a 2-y diet intervention study, the Preventing Over-
weight Using Novel Dietary Strategies (POUNDS LOST) trial.

METHODS

Study population

The POUNDS LOST trial is a 2-y randomized clinical trial to
compare the effects on body weight of energy-reduced diets with
different dietary intakes of macronutrients (22). In total, 811
(Caucasian: n = 643, African American: n = 127, Hispanic: n =
29, other: n = 12) overweight adults were randomly assigned to
one of the 4 diets with targeted percentages of energy derived
from fat, protein, and carbohydrates as 20%, 15%, and 65%;
20%, 25%, and 55%; 40%, 15%, and 45%; and 40%, 25%, and
35%. Of 811 participants who were assigned to a diet, 645
completed the study (white: n = 525, African American: n = 88,
Hispanic: n = 23, other: n = 9). The baseline characteristics of
participants who completed the study were similar to those who
were assigned to one of the 4 diets. Our analysis was restricted
to 723 participants with available DNA samples (white: n = 575,
African American: n = 112, Hispanic: n = 25, other: n = 11).

Dietary intervention

The dietary program consisted of 4 diet groups and the targeted
percentages of energy derived from fat, protein, and carbohydrate in
the 4 diets as described above. The energy deficit was 750 kcal from
baseline, and low glycemic index food was used for the diets. All
participants were instructed to consume .20 g dietary fiber, #8%
saturated fat, and #150 mg cholesterol/100 kcal. Participants were
screened for potential causes of noncompliance. A multidimen-
sional construct was used to conceptualize the adherence to the
intervention (23). A 5-d diet record at baseline and a 24-h recall
on 3 nonconsecutive days at months 6 and 24 in a random
sample of 50% of all participants were used to assess the ad-
herence to the dietary program. Biomarkers of adherence, in-
cluding HDL cholesterol, urinary nitrogen, and respiratory
quotient, were used to confirm the self-reported adherence.

Assessment of anthropometric and other traits

Body weight and waist circumference (WC) were measured in
the morning before breakfast on 2 nonconsecutive days at baseline,
6mo, and 24mo, aswell as on a single day at 12 and 18mo. Height
was measured at baseline on the same day when body weight was
measured. Dietary intakes were assessed in a random sample of
50% of the participants by a review of a 5-d diet record at baseline
and a 24-h recall during a telephone interview on 3 nonconsecutive
days at 6 mo and 24 mo. Abdominal fat tissue mass was measured
by computed tomography (CT) scanning with a General Electric

High-Light CT scanner (General Electric) or a GE LightSpeed
volume CT scanner (General Electric). A random subset of 25% of
all participants was selected to receive CT scans, and CT scans
were done at baseline, 6 mo, and 24 mo.

Genotyping

The previously identified functional NPY rs16147 SNP (13,
14) was genotyped in the study population. DNA was extracted
from buffy coat by using a QIAmp Blood Kit (Qiagen), and
genotyping was performed by using the OpenArray SNP Gen-
otyping System (BioTrove). Control samples typed in duplicate
ensured the internal quality of the genotyping and resulted in
a concordance of .99%. The total genotype success rate was
99%. The NPY rs16147 SNP was successfully genotyped in all
723 participants with available DNA samples.

Ethics

The study was approved by the human subjects committee at
the Harvard School of Public Health and Brigham and Women’s
Hospital, Boston, Massachusetts, Pennington Biomedical Re-
search Center, and by a data and safety monitoring board ap-
pointed by the National Heart, Lung, and Blood Institute. All
participants gave written informed consent. The study was
registered at clinicaltrials.gov as NCT00072995.

Statistical analysis

We conducted the post hoc analyses of data from the POUNDS
LOST trial to evaluate the effects of the NPY genotypes and the
genotype–dietary fat interaction on measures of central obesity and
abdominal fat distribution. The primary outcome was the change in
WC. The secondary outcomes included total abdominal adipose
tissue (TAT), visceral adipose tissue (VAT), and subcutaneous adi-
pose tissue (SAT). Because previous studies have reported the in-
teraction between NPY and dietary fat (7, 24–26), the comparison
between the low-fat group (20%) and the high-fat group (40%) was
of the main interest in this study. Differences in baseline charac-
teristics by genotypes were tested by using the x2 test for categorical
variables and ANCOVA for continuous variables (ANOVA for age).
Additive genetic model was used in the analysis for the rs16147
genotypes. Main effects of the rs16147 genotypes and dietary fat
intake on the changes in the primary and the secondary outcomes at
6 mo and 24 mo were examined by using generalized linear re-
gression models. Covariates adjusted for the effects of genotypes
include age, sex, ethnicity, baseline value for the respective out-
come, and baseline BMI. Genotype–dietary fat interactions were
evaluated by further adding the interaction terms into the model
used to examine the main effects. Subgroup analyses were per-
formed for groups on diets with different percentages of energy
from fat adjusting for age, sex, ethnicity, baseline value for the
respective outcome, and baseline BMI. Similar analyses were
conducted among Caucasians to evaluate the influence of potential
population stratification.

All statistical computation was conducted by using SAS
(version 9.3; SAS Institute). P , 0.05 was used as the signifi-
cance level, and all reported P values were 2-sided (except for
likelihood ratio tests). Quanto 1.2.4 (University of Southern
California, Los Angeles; http://hydra.usc.edu.gxe) was used to
estimate the detectable effect sizes of genotype-diet (2 diet
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groups with different percentages of energy from fat) in-
teractions (27). For power and effect size calculation, we as-
sumed that the population mean6 SD change in WC was26.876
6.18 and 25.70 6 7.68 cm at 6 mo and 24 mo. At the significance
level of 0.05, the study had 80% power to detect the gene-diet in-
teraction effect sizes of 1.85 and 2.51 cm for the change in WC
from baseline to 6 mo and 24 mo, respectively.

RESULTS

Baseline characteristics of the study population

The allele frequency in all participants was in Hardy-Weinberg
equilibrium (P . 0.05). The ethnic composition and the age
distribution were statistically significantly different across the
NPY genotypes (P = 0.01 and 0.02). There was no statistically
significant difference in baseline BMI, WC, and abdominal
adiposity distribution across the genotypes, after adjusting for
age, sex, and ethnicity (Table 1). The dietary intakes were
modified in the direction of the assigned interventions, which is
validated by the analysis of the biomarkers of adherence
(Supplemental Table 1). Similar associations between the
rs16147 frequencies and baseline characteristics were observed
in Caucasians (w80% of the participants) (22, 28).

Effect of the NPY rs16147 genotypes on measures of central
obesity and abdominal fat distribution

We first examined the main genotype effects on the primary
outcome: the change in WC from baseline. After adjusting for

age, sex, ethnicity, dietary interventions, and baseline values of
the outcome variables, the C allele of rs16147 was associated
with a statistically significantly greater reduction in WC in all the
participants at 6 mo (P = 0.03) (Table 2). The change in WC
from baseline to 6 mo had a mean increase of 0.7 cm with each
additional copy of the T allele. We further assessed measures of
abdominal fat distribution: TAT, VAT, and SAT. No statistically
significant overall genotype effects were observed (all P .
0.05).

Interactions between the NPY rs16147 genotypes and
dietary fat on the change in WC

We next examined the interactions between the rs16147
genotypes and dietary interventions for WC at 6 mo and
24 mo. We found a statistically significant interaction between
the NPY genotype and dietary fat on WC: the genotype ef-
fects were stronger in the high-fat diet group than in the low-
fat diet group at 6 mo (P-interaction = 0.01) (Figure 1).
Within the high-fat group, the T allele was statistically sig-
nificantly associated with smaller loss in WC. At 24 mo, the
association between the rs16147 variant and the reduction of
WC remained statistically significant in the high-fat group
(P = 0.02), although the gene–dietary fat interaction became
not statistically significant. Analyses in Caucasians showed sim-
ilar associations in terms of direction and magnitude. Similar
genotype effects and genotype interaction effects were observed
in Caucasians.

TABLE 1

Baseline characteristics of the study participants1

NPY rs16147 genotype

P valueCC (n = 203) CT (n = 341) TT (n = 179)

Age, y 52.5 6 8.72 50.6 6 9.5 49.9 6 9.3 0.02

Sex, n (%) 0.66

Female 126 (28.6) 211 (47.8) 104 (23.6)

Male 77 (27.3) 130 (46.1) 75 (26.6)

Ethnicity, n (%) 0.01

Caucasian 146 (25.4) 274 (47.6) 155 (27.0)

African American 44 (39.3) 53 (47.3) 15 (13.4)

Hispanic 10 (40.0) 11 (44.0) 4 (16.0)

Others 3 (27.3) 3 (27.3) 5 (45.4)

Diet groups (% energy from fat/protein/carbohydrate), n (%) 0.85

Group 1 (20/25/55) 48 (27.3) 88 (50.0) 40 (22.7)

Group 2 (20/15/65) 51 (28.0) 79 (43.4) 52 (28.6)

Group 3 (40/25/35) 52 (28.7) 84 (46.4) 45 (24.9)

Group 4 (40/15/45) 52 (28.3) 90 (48.9) 42 (22.8)

Dietary fat (% energy from fat/other), n (%) 0.84

Low fat (20) 99 (27.6) 167 (46.7) 92 (25.7)

High fat (40) 104 (28.5) 174 (47.7) 87 (23.8)

BMI, kg/m2 32.8 6 4.1 32.7 6 3.7 32.4 6 5.0 0.58

Waist circumference, cm 104.0 6 13.4 103.7 6 12.7 103.0 6 13.2 0.49

TAT mass, kg 16.1 6 4.6 16.8 6 3.8 17.0 6 4.0 0.70

VAT mass, kg 5.4 6 2.7 5.5 6 2.5 5.9 6 2.4 0.75

SAT mass, kg 16.1 6 4.8 17.3 6 4.0 16.7 6 3.9 0.50

1P values were calculated by the x2 test for categorical variables and ANCOVA for continuous variables after adjusting

for age, sex, and ethnicity (ANOVA for age). SAT, subcutaneous adipose tissue; TAT, total abdominal adipose tissue; VAT,

visceral adipose tissue.
2Mean 6 SD (all such values).
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Interactions between the NPY rs16147 genotypes and
dietary fat on abdominal fat distribution

The interaction between the NPY rs16147 genotypes and di-
etary fat was also examined for the measures of abdominal fat
distribution, including TAT, VAT, and SAT. At 6 mo, there was
a statistically significant interaction between the NPY genotype
and dietary fat on SAT (P-interaction = 0.04) (Figure 1). Similar
trends were also found for TAT and VAT, but the interaction was
not statistically significant at 6 mo (P-interaction = 0.07 and
0.37). Compared with the high-fat group, no clear trend was
found within the low-fat group. We found a statistically signif-
icant genotype–dietary fat interaction for all 3 measures of ab-
dominal fat deposition at 24 mo: among the high-fat diet
consumers, the association between the rs16147 T allele and
each measure of abdominal fat distribution was statistically
significantly stronger than among the participants taking a low-
fat diet (P-interaction = 0.01, 0.05, and 0.04). Similar results
were also found among Caucasians.

DISCUSSION

In the POUNDS LOST trial, we found that the NPY rs16147
SNP was statistically significantly related to the change in WC
at both 6 and 24 mo, especially among the participants assigned
to the high-fat diet intervention. A statistically significant gene–
dietary fat interaction was observed for WC and SAT at 6 mo.
Also, a smaller reduction of WC was observed among the T
allele carriers in the high-fat group compared with those who
consumed the low-fat diet. At 24 mo, T allele carriers in the
high-fat group were prone to regain abdominal fat. The asso-
ciations of the rs16147 genotypes with the change in WC, TAT,
VAT, and SAT from baseline to 24 mo were statistically sig-
nificantly different between the high-fat group and the low-fat
group.

The NPY variant rs16147 has been related to the expression of
the NPY gene and the peptide concentration in some studies (12–
16). Variation in the NPY expression can be largely explained by
this SNP (13, 15). The rs16147 genotypes have also been re-
ported to associate with adiposity measures (12). In children, the
C allele was associated with lower body weight (29, 30), al-
though the results obtained from adults are conflicting (12).

However, our data showed that carriers of the rs16147 C allele
were more responsive to weight loss diets in the reduction of
central body fat, lending support to a role of the NPY genotypes
in the regulation of abdominal fat distribution.

It has been postulated that NPY can regulate WAT metabolism
via the nerve endings housed in WAT (19). Leptin, generated
fromWAT, then forms a feedback loop with NPYand informs the
brain of body fat levels (20, 21). Anatomic evidence also suggests
that reduced NPYexpression leads to improved insulin and leptin
sensitivity via afferent nerve signals from abdominal fat tissues to
the hypothalamus (31). To our knowledge, the present study is the
first one that comprehensively examined the NPY genetic effects
and the interaction between the rs16147 genotypes and dietary
fat with respect to central obesity and abdominal fat distribution.

Intriguingly, we found that dietary fat intake statistically
significantly modified the genetic effect on change in WC, TAT,
VAT, and SAT; individuals on a high-fat weight loss diet showed
more effectiveness in reduction of central adiposity compared
with those on a low-fat diet. Evidence from animal models shows
that knockdown of NPY receptor 2, a major mediator of the NPY
effects, in the peripheral tissues of mice prevented high-fat diet–
induced obesity, whereas no such preventative effects were
discovered among normal chow-fed mice (32). In addition, there
is evidence that dietary fat might regulate NPY gene expression
(33), supporting the potential interactions between NPY geno-
types and dietary fat in determining body adiposity. Those
findings, combined with the evidence supporting the adipose
tissue–hypothalamus feedback loop, suggest that dietary fat may
affect rs16147-regulated NPY expression and therefore modify
the NPY effects on fat distribution via the leptin feedback.
Unfortunately, the precise molecular mechanisms underlying the
observed gene-diet interaction remain unclear, and further
studies are warranted to investigate the functional basis for the
interaction.

Our previous study found no genetic effects or interaction with
dietary fat in relation to weight loss, which is confirmed by our
analysis of BMI (7). Interestingly, we found a statistically sig-
nificant genetic effect of rs16147 on WC, which is a measure of
central obesity. Also, the rs16147 T allele appeared to associate
with worse responses to a high-fat weight loss diet in terms of
WC and abdominal fat deposition. It has been well known that
WC, as a reliable indicator of abdominal fat, predicts various
chronic diseases such as cardiovascular diseases, diabetes, and
cancers, independent of BMI (17, 18, 34–36). More important,
abdominal fat is a particularly strong risk factor of these met-
abolic disorders among overweight and obese people (36). The
initial findings from the POUNDS LOST trial did not finding
statistically significant dietary effects on WC (22). Our findings
indicate that various diet interventions may differentially affect
changes in adiposity when individuals’ genotype is not taken
into consideration. Therefore, findings from our study provide
important information for future research on the NPY genotype–
dietary fat interaction in relation to other health outcomes. More
important, our study has great clinical implications for the de-
sign of well-targeted dietary interventions.

Despite the statistically significant implications, there are
several potential limitations in our study. First, the results should
be interpreted and generalized with caution because the diet
intervention was calorically restricted and all participants were
overweight or obese. Second, we did not include low-frequency

TABLE 2

Analyses of the effect of the NPY rs16147 genotype on changes in

waist circumference and abdominal fat distribution from baseline to

6 and 24 mo1

Month 6 Month 24

n b SE P value n b SE P value

WC, cm 643 0.70 0.32 0.03 548 0.70 0.43 0.11

TAT, kg 112 0.37 0.29 0.20 84 0.03 0.45 0.95

VAT, kg 132 0.14 0.13 0.27 102 0.05 0.18 0.77

SAT, kg 112 0.36 0.28 0.21 84 0.04 0.61 0.93

1Estimates and standard errors for the subgroup analyses were reported

after adjusting for age, sex, ethnicity, diet intervention, baseline value for

respective variable, and baseline BMI. b represents change in outcomes for

the increase in each T allele of NPY rs16147. SAT, subcutaneous adipose

tissue; TAT, total abdominal adipose tissue; VAT, visceral adipose tissue;

WC, waist circumference.
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SNPs such as rs16139, which has also been reported (12).
Because of the limited power to test gene-diet interactions for
rare variants, we restricted our study to rs16147 with a fre-
quency of 0.48. However, as discussed above, most of the
variation in NPY expression can be explained by rs16147 (13,
15). Third, the analyses for the measures of abdominal fat dis-
tribution might be underpowered, although we observed statistically

significant genotype–dietary fat interactions. This may explain why
we did not observe statistically significant associations between
rs16147 and measures of abdominal fat distribution in the high-fat
group. To confirm our findings and to better understand the effects
of the NPY genetic variants on abdominal fat distribution in re-
sponse to dietary intervention, more studies with larger sample sizes
are required.

FIGURE 1 Effect of NPY rs16147 and dietary fat on the change in WC, TAT, VAT, and SAT from baseline to 6 and 24 mo. Data are means 6 SEs after
adjustment for age, sex, ethnicity, baseline value for respective variables, and baseline BMI. P values for the interaction between genotype and dietary fat are presented
in bold. P values for the genotype effects within each subgroup are presented for both high-fat and low-fat diet groups. The low-fat diet group consisted of 2
intervention groups with targeted percentages of energy from fat of 20%; the high-fat diet group consisted of 2 intervention groups with targeted percentages of energy
from fat of 40%. The sample size for each dietary fat and genotype combination at 6 mo: WC, low fat, CC = 86, CT = 146, TT = 87; WC, high fat, CC = 90, CT = 160,
TT = 74; TAT, low fat, CC = 15, CT = 25, TT = 18; TAT, high fat, CC = 18, CT = 29, TT = 7; VAT, low fat, CC = 17, CT = 30, TT = 19; VAT, high fat, CC = 20, CT =
35, TT = 11; SAT, low fat, CC = 15, CT = 25, TT = 18; and SAT, high fat, CC = 18, CT = 29, TT = 7. The sample size for each dietary fat and genotype combination
at 24 mo: WC, low fat, CC = 76, CT = 127, TT = 74; WC, high fat, CC = 82, CT = 127, TT = 62; TAT, low fat, CC = 13, CT = 18, TT = 13; TAT, high fat, CC = 12,
CT = 22, TT = 6; VAT, low fat, CC = 16, CT = 22, TT = 15; VAT, high fat, CC = 14, CT = 26, TT = 9; SAT, low fat, CC = 13, CT = 18, TT = 13; SAT, high fat, CC =
12, CT = 22, TT = 6. SAT, subcutaneous adipose tissue; TAT, total abdominal adipose tissue; VAT, visceral adipose tissue; WC, waist circumference.
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In conclusion, we found that the NPY rs16147 genotypes affected
the reduction of central adiposity and the deposition of abdominal fat
in response to weight loss diets in overweight or obese participants.
Dietary fat intake statistically significantly modified the genetic ef-
fects such that individuals carrying the C allele of the NPY rs16147
SNP might benefit more by taking a high-fat weight loss diet.
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