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Abstract
Purpose  Low-fat dietary (LFD) pattern refers to a dietary structure with reduced fat intake. The aim was to investigate 
the association between LFD pattern and risk of head and neck cancer (HNC).

Methods  Data were derived from the Prostate, Lung, Colorectal and Ovarian (PLCO) Cancer Screening Trial. LFD score 
was used to assess adherence to an LFD pattern, with higher scores indicating greater adherence. Cox regression 
was used to evaluate the association between LFD score and risk of HNC and its subtypes. To visualize the trend in 
risk of HNC and its subtypes with changing LFD score, restricted cubic spline plots were utilized. A series of subgroup 
analyses were conducted to identify potential confounders. Sensitivity analyses were performed to assess the 
robustness of the results.

Results  Among 98,459 participants of PLCO trial, 268 cases with HNC were identified during an average of 8.8 years 
of follow-up. In the fully adjusted model, participants in the highest compared with the lowest quartiles of LFD score 
had a lower risk of HNC (HR Q4 vs. Q1: 0.60; 95% CI: 0.40–0.90; P for trend = 0.026) and larynx cancer (HRQ4 vs. Q1: 0.46; 95% 
CI: 0.22–0.96; P for trend = 0.039). The restricted cubic spline plots demonstrated a linear dose-response relationship 
between the LFD score and the risk of HNC and its subtypes (all P for nonlinearity > 0.05). The primary association 
remained robust in the sensitivity analysis.

Conclusion  Our findings suggest that adherence to an LFD pattern may lower the risk of HNC in the US population.
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Introduction
Head and neck cancer (HNC), including cancers of the 
oral cavity, pharynx, and larynx, is the sixth most com-
mon cancer worldwide [1]. In 2018, there were an esti-
mated 890,000 new cases and 450,000 deaths from HNC 
globally [1]. Known risk factors for HNC include tobacco 
use, alcohol consumption, human papillomavirus (HPV) 
infection, and genetic factors [2]. However, these estab-
lished factors do not fully account for the observed pat-
terns in HNC occurrence [3]. Therefore, identifying novel 
modifiable risk factors is important for the prevention of 
this malignancy. Dietary pattern has emerged as a poten-
tial risk factor for HNC in recent years [4–9]. Dietary 
patterns take into account the synergistic interactions 
between different food components and can provide 
more rational dietary guidance compared to individual 
foods or nutrients. Current studies have evaluated the 
associations between different dietary patterns, such as 
Western and prudent/healthy patterns, and HNC risk, 
with inconsistent results [10–12].

The occurrence and development of cancer are insepa-
rable from metabolism. Changes in glucose metabolism 
are critical to the growth and progression of cancer [13], 
and mainly involve four aspects: tricarboxylic acid cycle, 
glycolysis, gluconeogenesis, and glycogen synthesis [14]. 
Accumulated studies have described deregulated levels 
of enzymes and molecules related to lipid metabolism 
in HNC, e.g., elevated fatty acids [15], fatty acid binding 
protein and fatty acid synthase [16, 17]. Unhealthy dietary 
patterns disrupt lipid and glucose metabolism and play 
an important role in HNC. Consumption of fried foods, 
high-fat and processed meats, and sweets has been asso-
ciated with an increased risk of throat cancer [8, 18, 19]. 
So, is it possible to choose a dietary pattern to reduce the 
risk of head and neck squamous cell carcinoma?

The low-fat dietary (LFD) pattern refers to a dietary 
structure with reduced fat intake, where a greater pro-
portion of energy intake is derived from carbohydrates 
and protein. It is commonly used for weight control, 
reducing cardiovascular disease risk, and dietary man-
agement of diabetes. However, obesity and high intake of 
animal fat are associated with HNC. This pattern repre-
sents a prudent dietary choice that may protect against 
HNC by modulating metabolism, oxidative stress, and 
insulin resistance [20]. Only one case-control study has 
examined the LFD pattern scores in association with 
HNC risk, and reported no significant relationship [21]. 
However, no prospective cohort studies have specifically 
investigated the LFD pattern in relation to HNC risk.

In the present study, we aimed to prospectively exam-
ine the association between LFD score, incorporating 
intakes of carbohydrates, fat, and protein, and the risk of 
HNC. We conducted this prospective study utilizing data 

from the Prostate, Lung, Colorectal and Ovarian (PLCO) 
Cancer Screening Trial.

Methods and methods
Study population and exclusion criteria
To determine whether screening tests could reduce 
colorectal, lung, prostate and ovarian cancer-related 
mortality, the National Cancer Institute (NCI) of USA 
conducted a randomized controlled trial named Prostate, 
Lung, Colorectal and Ovarian (PLCO) Cancer Screening 
Trial. The design and methodology of this trial have been 
previously reported [22]. They recruited close to 155,000 
volunteers aged 55–74 years from 10 centers between 
November 1993 and July 2001. Cancer diagnosis data 
up to December 2009 were collected. Demographic and 
medical history data for all participants were collected 
via baseline questionnaire (BQ). In addition, dietary data 
were collected using dietary history questionnaire (DHQ) 
and supplemental questionnaires (SQX). DHQ collects 
dietary information from participants based on the 137-
item Food Frequency Questionnaire (FFQ). Multiple 
studies have confirmed that FFQ is a good nutritional 
assessment model [23, 24]. SQX is used to supplement 
some data not collected by BQ. The institutional review 
boards at each PLCO study center and the NCI provided 
ethical approval for the study protocols. Informed con-
sent in writing was collected from all participants prior 
to their enrollment. For this analysis, we used the NCI-
approved public dataset (project ID: PLCO-1335). There-
fore, inclusion of human participants did not require 
ethical approval.

Exclusion criteria was as follows: (1) Failure to return 
BQ; (2) Participants with invalid DHQ (including the 
missing DHQ response items exceed 8 or more, extreme 
caloric intake assessed by DHQ (first and last percen-
tiles) and DHQ completion date not available before 
death); (3) Participants with a cancer diagnosis before 
completing the DHQ; (4) Participants with an occurred 
outcome events between randomization to DHQ com-
pletion (who developed HNC, died, or were lost to fol-
low-up in the period); (5) Participants with potentially 
unreliable dietary intake (including females with “<600 
or > 3500 kcal/day” and males with “<800 or > 4200 kcal/
day”) [25].

Construction and evaluation of LFD score
We calculated LFD score according to previously 
reported standards [26, 27]. In brief, participants were 
stratified into 11 tiers (Supplementary Table 1) based on 
percentage of energy derived from constant macronutri-
ents including fat, carbohydrate and protein consump-
tion. For fat, participants in the lowest tier were assigned 
10 points and those in the highest tier were assigned 0 
points. For protein and carbohydrate, the order of tiers 
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was reversed. We then summed scores for the three con-
stant macronutrients to calculate LFD score for all par-
ticipants, ranging from 0 to 30. Thus, higher LFD score 
indicate better adherence to LFD pattern. Specifically, we 
extracted the percent energy from the three macronutri-
ents (protein, fat and carbohydrate) using data obtained 
from the DHQ. The derivation of nutrient values utilized 
DietCalc software, the USDA National Nutrient Data-
base for Standard Reference, and the Nutrition Data Sys-
tem. The raw responses from DHQ were processed into 
analyzable variables such as daily food frequency, pyra-
mid servings, and gram intake. The reliability of DHQ to 
assess participants’ dietary and nutrition data has been 
reported elsewhere [23, 28].

Diagnosis of HNC
In the PLCO cancer screening trial, diagnosis of HNC 
was primarily dependent on annual study update ques-
tionnaires mailed to living participants. The PLCO trial 
confirmed diagnoses of HNC through medical record 
abstraction (MRA) of participants suspected by the trial 
to have HNC. Note that if the MRA process does not 
find records indicating cancer diagnosis, even if a source 
such as a death certificate indicates cancer, the cancer is 
not considered confirmed. For patients diagnosed with 
primary HNC, additional information regarding diag-
nostic procedures, cancer staging, grading, histopatho-
logical type, and initial cancer therapy was recorded by 
the participants’ physicians. We extracted information 
on diagnosis date, type (e.g., HNC, oral cavity and phar-
ynx cancer, and larynx cancer), and ICD-O-2 codes from 
the PLCO data. The endpoint was incidence of HNC and 
its subtypes (oral cavity and pharynx cancer, and larynx 
cancer).

Dealing with covariates
We obtained participants’ baseline covariates includ-
ing sex (male, female), education level (less than college, 
college graduate, postgraduate), trial group (interven-
tion, control), height, race (non-Hispanic White, non-
Hispanic Black, Hispanic, and other race/ethnicity), 
weight, smoking status (never, current or former), his-
tory of hypertension (no, yes), aspirin use (no, yes), his-
tory of diabetes (no, yes) and family history of HNC (no, 
yes, possibly) from the BQ. Body mass index (BMI) was 
calculated by dividing weight (kg) by height squared (m2). 
Additionally, the DHQ was used to collect participants’ 
age, alcohol intake (no, yes), intake of dietary choles-
terol, pyramid food servings (grain, total fruit, vegetable, 
dairy), saturated fatty acids, mono-unsaturated fatty 
acids, poly-unsaturated fatty acids, fish and other sea-
food, eggs, total dietary fiber from diet, discretionary fat, 
red processed meat, cakes, cookies, pies, and pastries, 
sugars and sweets, total lean meat, added sugars, alcohol, 

energy intake in diet, and consumption of total carbohy-
drate, fat, and protein. Total minutes of moderate to vig-
orous physical activity per week was obtained from the 
SQX as physical activity.

Statistical analysis
Data were assessed for missingness prior to analysis. 
Missingness ranging from 0 to 26% was observed for 
covariates in the BQ and DHQ. For variables missing < 5% 
of data, continuous variables such as BMI were imputed 
using median replacement, while categorical variables 
including education, family cancer history, regular aspi-
rin use, and diabetes were imputed using mode substi-
tution. For physical activity data missing > 25% in the 
Supplementary Questionnaire (SQX), multiple imputa-
tion was performed using chained equations to generate 
five complete datasets. Details of missingness and impu-
tation for each variable are presented in Supplementary 
Table 2. Logistic regression models were fitted on each 
imputed dataset and results were pooled using Rubin’s 
rules. Imputation procedures were performed in R ver-
sion 4.3.1.

Cox proportional hazards regression models were 
utilized to calculate hazard ratios (HRs) and 95% confi-
dence intervals (CIs) to investigate potential associations 
between LFD score and risk of HNC incidence. Models 
were adjusted for potential confounders and used follow-
up time as the time metric. Participants were categorized 
into quartiles based on LFD score (Quartile 1, Quar-
tile 2, Quartile 3 and Quartile 4), with the lowest scor-
ing quartile (Quartile 1) serving as the reference group. 
Person-years were quantified according to follow-up time 
for each quartile. The Schoenfeld residuals method was 
utilized to evaluate the time-invariance of the LFD score. 
Trend analysis for HNC risk across increasing LFD score 
quartiles was conducted using Cox regression models, 
with median values for each quartile assigned to all par-
ticipants within that quartile and treated as a continu-
ous variable. To control for potential confounding, two 
multivariable Cox regression models were utilized in the 
analyses. Model 1 was adjusted for participants’ age, race, 
and sex. Model 2 was further adjusted for education, trial 
group, energy intake from diet, family history of HNC, 
smoking pack-years, alcohol intake, BMI, aspirin use, 
physical activity, and diabetes history.

We used restricted cubic spline (RCS) regression with 
knots located the 10th, 50th, and 90th percentiles to 
accurately describe the risk of HNC across the entire 
range of LFD score. It is noted that the number of knots 
was selected based on the Akaike’s information criterion 
(AIC) and the Bayesian information criterion (BIC), with 
the lowest AIC and BIC values indicating the best-fitted 
model. When AIC results were inconsistent with those 
from BIC, BIC results were used for knot selection, as 
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BIC is more conservative than AIC [29]. The median of 
the first quartile of LFD score was set as the reference 
value. The pnonlinearity was also determined by testing the 
null hypothesis. If the p value is less than 0.05, it means 
that the nonlinear effect of the model is significant. Fur-
thermore, the above methodology was employed to 
assess the association between LFD score and the inci-
dence rate of HNC subtypes, including oral cavity and 
pharynx cancer and larynx cancer.

Stratified analyses were conducted to evaluate poten-
tial effect modification by age (≤ 65, > 65 years), sex, BMI 
(≤ 30, > 30 kg/m2), smoking (never, former, current), alco-
hol intake (yes/no), and diabetes history (yes/no) on the 
relationship between LFD score and HNC risk. Multi-
plicative interaction was assessed using likelihood ratio 
tests comparing Cox models with and without cross-
product interaction terms.

Sensitivity analyses were performed to evaluate the 
robustness of findings: (1) Repeated analysis in par-
ticipants with non-missing data; (2) Excluded par-
ticipants with family history of HNC; (3) Excluded 
participants with a history of diabetes. and (4) Excluded 

cases observed within the first 2 and 4 years of follow-up 
to address the concern of reverse causality.

Baseline characteristics of the study population are pre-
sented as mean ± standard deviation for continuous vari-
ables and number (percentage) for categorical variables. 
All statistical tests were two-sided and performed using 
R version 4.3.1 (R Foundation for Statistical Computing, 
Vienna, Austria); P values < 0.05 were considered statisti-
cally significant.

Results
Screening of the study population
Our aim was to analyze the association between LFD pat-
terns and risk of HNC. Therefore, based on the five exclu-
sion criteria mentioned in the methods, the numbers of 
participants excluded for each criterion were as follows: 
(1) n = 4,918; (2) n = 38,462; (3) n = 9,684; (4) n = 68; (5) 
n = 3,296. Finally, our study included 98,459 participants 
(Fig.  1). In Cox proportional hazards regression analy-
sis, follow-up time was defined as the interval between 
completion of the DHQ at baseline and HNC diagnosis, 

Fig. 1  The flow chart of identifying eligible participants. PLCO, Prostate, Lung, Colorectal, and Ovarian; BQ, baseline questionnaire; DHQ, diet history 
questionnaire
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death, loss to follow-up, or end of follow-up on Decem-
ber 31, 2009, whichever came first (Fig. 2)

Characteristics of the study population
Baseline characteristics of the 98,459 study participants 
across quartiles of LFD score are presented in table  1. 
Quartile 1 (n = 26,715) had scores of 0–10. Quartile 2 
(n = 26,151) had scores of 11–15. Quartile 3 (n = 24,764) 
had scores of 16–20. Quartile 4 (n = 20,829) had scores 
of 21–30. The mean (standard deviation) LFD score 
was 15.00 (6.27), with higher scores indicating greater 
adherence to the LFD dietary pattern. Compared to par-
ticipants in the lowest LFD quartile, those in the high-
est quartile were more likely to be older (66.19 ± 5.79 
vs. 65.52 ± 5.73), female (64.60% vs. 44.71%), other race/
ethnicity (4.89% vs. 2.84%), college-educated (41.47% 
vs. 32.85%), control group (50.74% vs. 47.91%), physi-
cally active (140.27 ± 114.12 vs109.42 ± 102.98), no 
drinker (33.66% vs. 22.55%), never smokers (56.87% vs. 
40.13%), with a lower BMI (26.57 ± 4.74 vs. 27.58 ± 4.86), 
lower energy intake from diet (1502.45 ± 529.56 vs. 
1936.85 ± 722.85) and no family history of HNC (96.49% 
vs. 95.53%) (all P < 0.001). Intakes of saturated fatty acids 
(12.15 ± 5.31 vs. 27.39 ± 12.51), mono-unsaturated fatty 
acids (14.47 ± 6.21 vs. 32.39 ± 13.82), and poly-unsatu-
rated fatty acids (9.41 ± 4.04 vs. 18.94 ± 8.32) were lower 
among participants in the highest versus lowest LFD 
quartile (all P < 0.001). In terms of energy sources, per-
cent of energy from fat (23.59 ± 3.97 vs. 39.44 ± 6.15) 
were lower, while percent of energy from carbohy-
drates (61.10 ± 5.89 vs. 43.36 ± 6.86), and percent of 

energy from protein (16.98 ± 2.39 vs. 14.34 ± 2.72) were 
higher among participants in the highest versus low-
est LFD quartile (all P < 0.001). Intakes of saturated 
fatty acids (12.15 ± 5.31 vs. 27.39 ± 12.51), mono-unsat-
urated fatty acids (14.47 ± 6.21 vs. 32.39 ± 13.82), and 
poly-unsaturated fatty acids (9.41 ± 4.04 vs. 18.94 ± 8.32) 
were lower among participants in the highest ver-
sus lowest LFD quartile (all P < 0.001). Intakes of veg-
etables (4.24 ± 2.58 vs. 3.72 ± 2.01), fruits (3.62 ± 2.19 
vs. 1.89 ± 1.35), dairy foods (1.69 ± 1.25 vs. 1.21 ± 0.97), 
fish and other seafood (0.51 ± 0.60 vs. 0.43 ± 0.44), eggs 
(0.83 ± 4.52 vs. 0.20 ± 2.07), total dietary fiber from 
diet (20.28 ± 8.94 vs. 16.41 ± 7.24) were higher, while 
intakes of grain (4.50 ± 2.21 vs. 4.70 ± 2.32), discretion-
ary fat (27.88 ± 12.03 vs. 69.02 ± 28.65), red processed 
meat (6.33 ± 8.30 vs. 17.74 ± 18.66), cakes, cookies, pies, 
and pastries (17.81 ± 18.34 vs. 32.40 ± 33.78), sugars and 
sweets (19.89 ± 18.35 vs. 28.51 ± 27.41), total lean meat 
(5.90 ± 3.35 vs. 8.17 ± 4.60), added sugars (10.52 ± 6.41 vs. 
12.98 ± 8.59), alcohol (0.25 ± 0.47 vs. 1.06 ± 2.11), and cho-
lesterol from diet (139.49 ± 72.63 vs. 269.60 ± 152.36) were 
lower among participants in the highest versus lowest 
LFD quartile (all P < 0.001) (table 1)

Association between LFD score and risk of HNC
Over a mean (standard deviation) follow-up time of 8.84 
(1.94) years, representing 869,807.9 person-years, 268 
incident HNC cases were ascertained, including 161 
cases of oral cavity and pharynx cancer, and 96 cases of 
larynx cancer. In the unadjusted Cox model, participants 
in the highest versus lowest quartile of LFD score had 

Fig. 2  The timeline and follow-up scheme of our study
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Characteristics Overall Quartiles of LFD score Poverall

Quartile 1(≤ 10) Quartile 2(11–15) Quartile 3(16–20) Quartile 4(≥ 21)
Number of participants 98,459 26,715 26,151 24,764 20,829 < 0.001
LFD score 15.00 ± 6.27 7.33 ± 2.40 12.98 ± 1.42 18.03 ± 1.43 23.75 ± 2.36 < 0.001
Age 65.52 ± 5.73 65.08 ± 5.63 65.24 ± 5.67 65.73 ± 5.77 66.19 ± 5.79 < 0.001
Sex < 0.001
Male 47,218 (47.96%) 14,771 (55.29%) 13,807 (52.80%) 11,267 (45.50%) 7373 (35.40%)
Female 51,241 (52.04%) 11,944 (44.71%) 12,344 (47.20%) 13,497 (54.50%) 13,456 (64.60%)
Race < 0.001
Non-Hispanic White 89,811 (91.22%) 24,667 (92.33%) 24,024 (91.87%) 22,058 (89.07%) 19,062 (91.52%)
Non-Hispanic Black 3121 (3.17%) 864 (3.23%) 779 (2.98%) 973 (3.93%) 505 (2.42%)
Hispanic 1410 (1.43%) 425 (1.59%) 395 (1.51%) 346 (1.40%) 244 (1.17%)
Other race/ethnicity2 4117 (4.18%) 759 (2.84%) 953 (3.64%) 1387 (5.60%) 1018 (4.89%)
Education level < 0.001
College below 62,599 (63.58%) 17,938 (67.15%) 16,900 (64.62%) 15,571 (62.88%) 12,190 (58.52%)
College graduate 17,353 (17.62%) 4486 (16.79%) 4585 (17.53%) 4334 (17.50%) 3948 (18.95%)
Postgraduate 18,507 (18.80%) 4291 (16.06%) 4666 (17.84%) 4859 (19.62%) 4691 (22.52%)
BMI (kg/m2) 27.20 ± 4.79 27.58 ± 4.86 27.47 ± 4.75 27.04 ± 4.72 26.57 ± 4.74 < 0.001
Physical activity (min/week)3 123.36 ± 108.74 109.42 ± 102.98 119.70 ± 106.86 128.05 ± 109.89 140.27 ± 114.12 < 0.001
Alcohol intake < 0.001
No 26,681 (27.10%) 6023 (22.55%) 6388 (24.43%) 7259 (29.31%) 7011 (33.66%)
Yes 71,778 (72.90%) 20,692 (77.45%) 19,763 (75.57%) 17,505 (70.69%) 13,818 (66.34%)
Family history of HNC < 0.001
No 94,516 (96.00%) 25,521 (95.53%) 25,120 (96.06%) 23,777 (96.01%) 20,098 (96.49%)
Yes 1402 (1.42%) 421 (1.58%) 350 (1.34%) 346 (1.40%) 285 (1.37%)
Possibly 2541 (2.58%) 773 (2.89%) 681 (2.60%) 641 (2.59%) 446 (2.14%)
History of diabetes 0.126
No 91,990 (93.43%) 25,028 (93.69%) 24,365 (93.17%) 23,139 (93.44%) 19,458 (93.42%)
Yes 6469 (6.57%) 1687 (6.31%) 1786 (6.83%) 1625 (6.56%) 1371 (6.58%)
Trial group < 0.001
Intervention group 50,151 (50.94%) 13,917 (52.09%) 13,442 (51.40%) 12,531 (50.60%) 10,261 (49.26%)
Control group 48,308 (49.06%) 12,798 (47.91%) 12,709 (48.60%) 12,233 (49.40%) 10,568 (50.74%)
Energy intake from diet(kcal/day) 1728.71 ± 658.04 1936.85 ± 722.85 1785.82 ± 657.33 1634.18 ± 603.05 1502.45 ± 529.56 < 0.001
Smoker < 0.001
Never 47,233 (47.97%) 10,720 (40.13%) 11,892 (45.47%) 12,775 (51.59%) 11,846 (56.87%)
Current or former 51,226 (52.03%) 15,995 (59.87%) 14,259 (54.53%) 11,989 (48.41%) 8983 (43.13%)
Aspirin 0.050
No 52,242 (53.06%) 14,308 (53.56%) 13,781 (52.70%) 13,220 (53.38%) 10,933 (52.49%)
Yes 46,217 (46.94%) 12,407 (46.44%) 12,370 (47.30%) 11,544 (46.62%) 9896 (47.51%)
History of hypertension 0.760
No 66,641 (67.68%) 18,150 (67.94%) 17,666 (67.55%) 16,731 (67.56%) 14,094 (67.67%)
Yes 31,818 (32.32%) 8565 (32.06%) 8485 (32.45%) 8033 (32.44%) 6735 (32.33%)
LFD score components
Percent of energy from carbohydrates 51.99 ± 9.36 43.36 ± 6.86 49.37 ± 6.04 56.41 ± 7.29 61.10 ± 5.89 < 0.001
Percent of energy from fat 31.78 ± 7.52 39.44 ± 6.15 33.61 ± 4.13 28.47 ± 4.27 23.59 ± 3.97 < 0.001
Percent of energy from protein 15.44 ± 2.93 14.34 ± 2.72 15.48 ± 2.89 15.28 ± 3.02 16.98 ± 2.39 < 0.001
Fatty acid series
Saturated fatty acids (g/day) 19.80 ± 10.83 27.39 ± 12.51 21.48 ± 9.43 16.28 ± 7.29 12.15 ± 5.31 < 0.001
Mono-unsaturated fatty acids (g/day) 23.48 ± 12.25 32.39 ± 13.82 25.37 ± 10.43 19.45 ± 8.30 14.47 ± 6.21 < 0.001
Poly-unsaturated fatty acids (g/day) 14.05 ± 7.15 18.94 ± 8.32 14.79 ± 6.12 11.90 ± 5.13 9.41 ± 4.04 < 0.001
Other components
Grain – Pyramid servings/Day 4.67 ± 2.27 4.70 ± 2.32 4.79 ± 2.24 4.66 ± 2.28 4.50 ± 2.21 < 0.001
Vegetables – Pyramid servings/Day 3.90 ± 2.24 3.72 ± 2.01 3.84 ± 2.11 3.87 ± 2.30 4.24 ± 2.58 < 0.001
Fruit - Pyramid servings/Day 2.74 ± 1.99 1.89 ± 1.35 2.47 ± 1.63 3.22 ± 2.29 3.62 ± 2.19 < 0.001

Table 1  Baseline characteristics of study population according to quartiles of LFD scores
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a 60% lower hazard of HNC (HRQ4 vs. Q1 = 0.40, 95% CI: 
0.27–0.59; Ptrend < 0.001). In multivariate Cox propor-
tional hazards models adjusting for age, sex, race, educa-
tion, trial group, energy intake from diet, family history, 
smoking, alcohol intake, aspirin use, physical activity, 
BMI, and diabetes, participants in the highest versus low-
est quartile of LFD score had a 40% lower hazard of HNC 
(HRQ4 vs. Q1 = 0.60, 95% CI: 0.40–0.90; Ptrend = 0.026). Fur-
thermore, a similar inverse relationship was observed 
between the LFD score and the risk of HNC subtype (for 
larynx cancer, HRQ4 vs. Q1: 0.46; 95% CI: 0.22–0.96; Ptrend= 

0.039) (table 2). We employed RCS model to illustrate the 
fluctuations in the incidence of HNC, oral and pharynx 
cancer, as well as larynx cancer across the entire range of 
LFD score. As depicted in Fig. 3, as LFD score increased, 
there was a corresponding decrease in the risk of these 
cancers, displaying a linear dose-response relationship 
(all P for nonlinearity > 0.05)

 	• In addition, we also added the results for models 
with the LFD score run as a continuous variable. 
In the unadjusted Cox model, LFD score was 

Table 2  Association of LFD scores with the risk of HNC and its subtypes
No. of No. of Hazard ratio (95% confidence interval)

Quartiles of LFD score Participants Cases Person-years Unadjusted Model 1a Model 2b

HNC 98,459 268
Quartile 1 (≤ 10) 26,715 101 232483.5 1.00 (reference) 1.00 (reference) 1.00 (reference)
Quartile 2 (11–15) 26,151 69 229877.9 0.69 (0.51, 0.94) 0.71 (0.52, 0.96) 0.75 (0.56, 1.03)
Quartile 3 (16–20) 24,764 65 220840.0 0.68 (0.50, 0.92) 0.75 (0.55, 1.03) 0.85 (0.62, 1.16)
Quartile 4 (≥ 21) 20,829 33 188678.3 0.40 (0.27, 0.59) 0.51 (0.34, 0.75) 0.60 (0.40, 0.90)
P for trend < 0.001 0.001 0.026
Oral Cavity and Pharynx cancer 98,352 161
Quartile 1 (≤ 10) 26,669 55 232261.3 1.00 (reference) 1.00 (reference) 1.00 (reference)
Quartile 2 (11–15) 26,127 45 229760.9 0.83 (0.56, 1.22) 0.84 (0.57, 1.24) 0.88 (0.59, 1.31)
Quartile 3 (16–20) 24,736 37 220692.6 0.71 (0.47, 1.07) 0.75 (0.49, 1.14) 0.82 (0.54, 1.25)
Quartile 4 (≥ 21) 20,820 24 188639.7 0.53 (0.33, 0.86) 0.62 (0.38, 1.00) 0.70 (0.43, 1.15)
P for trend 0.007 0.039 0.147
Larynx cancer 98,287 96
Quartile 1 (≤ 10) 26,660 46 232228.3 1.00 (reference) 1.00 (reference) 1.00 (reference)
Quartile 2 (11–15) 26,100 18 229634.0 0.40 (0.23, 0.68) 0.41 (0.24, 0.71) 0.45 (0.26, 0.78)
Quartile 3 (16–20) 24,722 23 220613.7 0.53 (0.32, 0.87) 0.62 (0.38, 1.03) 0.75 (0.45, 1.24)
Quartile 4 (≥ 21) 20,805 9 188546.9 0.24 (0.12, 0.49) 0.35 (0.17, 0.73) 0.46 (0.22, 0.96)
P for trend < 0.001 0.003 0.039
a: Adjusted for age (years), sex (male, female) and race (white, non-white)

b: Adjusted for model 1 plus educational level (college below, college graduate, postgraduate), trial group (intervention, control), energy intake from diet (kcal/day), 
BMI (kg/m2), family history of HNC (no, yes, possibly), smoker (never, current or former), alcohol intake (no, yes), aspirin use (no, yes), history of hypertension (no, yes), 
history of diabetes (no, yes), and physical activity (min/week)

Characteristics Overall Quartiles of LFD score Poverall

Quartile 1(≤ 10) Quartile 2(11–15) Quartile 3(16–20) Quartile 4(≥ 21)
Discretionary fat (g/day) 48.22 ± 25.73 69.02 ± 28.65 51.86 ± 20.62 39.05 ± 16.23 27.88 ± 12.03 < 0.001
Dairy - Pyramid servings/Day 1.37 ± 1.11 1.21 ± 0.97 1.34 ± 1.07 1.33 ± 1.09 1.69 ± 1.25 < 0.001
Fish and other seafood (oz./day) 0.46 ± 0.51 0.43 ± 0.44 0.47 ± 0.50 0.44 ± 0.50 0.51 ± 0.60 < 0.001
Red processed meat, (g/day) 12.26 ± 14.62 17.74 ± 18.66 13.93 ± 14.57 9.58 ± 10.97 6.33 ± 8.30 < 0.001
Eggs (g/day) 0.42 ± 3.12 0.20 ± 2.07 0.31 ± 2.70 0.43 ± 3.00 0.83 ± 4.52 < 0.001
Cakes, cookies, pies, and pastries (g/day) 26.25 ± 27.81 32.40 ± 33.78 28.84 ± 28.58 23.97 ± 24.21 17.81 ± 18.34 < 0.001
Sugars and sweets (g/day) 25.18 ± 24.22 28.51 ± 27.41 26.51 ± 24.95 24.63 ± 23.32 19.89 ± 18.35 < 0.001
Total lean meat 7.20 ± 4.30 8.17 ± 4.60 7.94 ± 4.62 6.48 ± 3.90 5.90 ± 3.35 < 0.001
Added sugars (tsp/day) 12.43 ± 8.77 12.98 ± 8.59 12.77 ± 8.67 13.08 ± 10.40 10.52 ± 6.41 < 0.001
Alcohol (drinks/day) 0.65 ± 1.41 1.06 ± 2.11 0.74 ± 1.36 0.45 ± 0.80 0.25 ± 0.47 < 0.001
Total dietary fiber from diet (g/day) 18.03 ± 8.07 16.41 ± 7.24 17.49 ± 7.55 18.44 ± 8.21 20.28 ± 8.94 < 0.001
Cholesterol from diet (mg/day) 207.53 ± 127.19 269.60 ± 152.36 228.66 ± 122.19 175.48 ± 97.62 139.49 ± 72.63 < 0.001
2 “Other race/ethnicity” refers to Asian, Pacific Islander, or American Indian
3 Total time of moderate-to-vigorous physical activity per week

Table 1  (continued) 
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associated with clinically significant HNC (HR = 0.96, 
95% CI: 0.94–0.97; P < 0.001). In multivariate Cox 
proportional hazards models adjusting for age, sex, 
race, education, trial group, energy intake from 
diet, family history, smoking, alcohol intake, aspirin 
use, history of hypertension, physical activity, BMI, 
and diabetes, LFD score was still associated with 
clinically significant HNC (HR = 0.98, 95% CI: 0.96-
1.00; P = 0.028) (Supplementary Table 3). Association 
of intake of PUFA, MUFA, or SFA with the risk of 
HNC was also analyzed, indicating non-significant 
result (Supplementary Table 4).

Subgroup and sensitivity analyses
In subgroup analyses, the inverse association between 
LFD score and HNC risk did not differ significantly 
by age, sex, trial group, energy intake from diet, BMI, 
smoking status, alcohol intake, or history of hyperten-
sion or diabetes (all P for interaction > 0.05) (table  3). 
Subgroup analyses demonstrated that the inverse asso-
ciation was stronger among participants with no aspi-
rin use (Pinteraction <0.001). In sensitivity analyses, results 
remained unchanged restricted to participants excluding 
those with a history of diabetes or family history of HNC 
at baseline (Ptrend <0.05). The associations remained simi-
lar when we further excluded cases observed within the 
first 2 years or 4 years of follow-up although the p-value 
did not reach statistical significance (table  4). This sug-
gests that the inverse association between LFD score and 
HNC risk is well robust. Non-significant results are asso-
ciated with a smaller number of cases remaining after 
exclusion

Discussion
In this large prospective cohort study, we found that 
adherence to an LFD pattern was significantly associated 
with a reduced risk of HNC. Restricted cubic spline anal-
ysis showed linear dose-response relationships between 
LFD score and risks of total HNC as well as its subtypes. 
A series of sensitivity analyses yielded consistent results 
without significant changes after multiple adjustments

Over the past few decades, substantial epidemiologic 
evidence has accumulated to suggest that adherence to 
an LFD pattern may help prevent obesity, type 2 diabetes, 
cardiovascular disease, and certain types of cancer [30]. 
Early ecological studies revealed associations between 
national fat consumption and mortality rates from these 
diseases [31, 32]. This stimulated extensive research on 
the health effects of reducing dietary fat intake. Several 
landmark randomized controlled trials including the 
women’s Health Initiative did not find protective effects 
of LFD on cancer or cardiovascular outcomes [33, 34]. 
However, most of these trials had poor long-term com-
pliance, limiting their ability to truly test LFD. The role 
of dietary fat intake in cancer development has been 
investigated, but findings on LFD and cancer risk have 
been inconsistent. Some results showing no association 
between greater adherence to an LFD pattern and risk 
of cancer align with the totality of evidence from both 
observational studies and clinical trials. For example, 
pooled analyses of prospective cohort studies have found 
no significant associations between lower fat intake and 
risk of prostate cancers [35]. Randomized trials includ-
ing the women’s Health Initiative also demonstrated no 
effects of an LFD intervention on incidence of breast 
and colorectal cancers over 7–8 years of follow-up [33, 
34]. The LFD patterns emphasized in previous studies 
focused on reducing dietary fat and increasing intakes 
of fruits, vegetables, and grains. Recent studies have also 
reported different conclusions. LFD may reduce the risk 

Fig. 3  Dose–response analyses on the association of LFD scores with the risk of HNC (A), oral and pharynx cancer (B), and larynx cancer (C). HRs were ad-
justed for age(years), sex (male, female) and race (non-Hispanic White, non-Hispanic Black, Hispanic, and other race/ethnicity), educational level (college 
below, college graduate, postgraduate), BMI (kg/m2), family history of HNC (no, yes, possibly), smoker (never, current or former), drinker (no, yes), aspirin 
use (no, yes), history of hypertension (no, yes), history of diabetes (no, yes), and physical activity (min/week)
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of colorectal cancer [36]. LFD scores were negatively 
associated with risks of liver and lung cancer [27, 37]. No 
studies have yet examined the association between LFD 
and HNC risk. Established high-risk factors for HNC 
include alcohol drinking and cigarette smoking. Some 
studies have also examined associations between dietary 
patterns and HNC risk. Mediterranean dietary patterns 
may reduce the incidence of HNC in US populations [4, 
38]. Moderate egg intake (< 4 eggs per week) and daily 

vitamin intake help lower HNC risk [4]. Consumption 
of healthful diets rich in fruits and vegetables correlates 
with reduced HNC risk [39]. The dietary pattern scores 
constructed in this study considered the energy propor-
tion of three macronutrients and the low-fat contribu-
tion, overcoming the limitations of traditional methods 
for evaluating LFD patterns. Our results demonstrate 
that after adjusting for potential confounders, LFD score 
was inversely associated with HNC risk in a nonlinear 

Table 3  Subgroup analyses on the association of LFD scores with the risk of HNC
No. of Hazard Ratio (95% Confidence Interval) by LFD Scores

Subgroup variable Cases Person-years Quartile 1 
(≤ 10)

Quartile 2 (11–15) Quartile 3 (16–20) Quartile 4 (≥ 21) Ptrend Pinteraction

Age (years) 0.227
≤ 65 121 455497.19 1.00 (reference) 0.533 (0.331, 0.858) 0.796 (0.498, 1.272) 0.588 (0.313, 1.103) 0.105
> 65 147 416382.43 1.00 (reference) 1.031 (0.679, 1.563) 0.969 (0.621, 1.512) 0.688 (0.398, 1.191) 0.242
Sex 0.467
Male 213 413369.39 1.00 (reference) 0.689 (0.487, 0.974) 0.869 (0.608, 1.241) 0.638 (0.395, 1.030) 0.103
Female 55 458510.2 1.00 (reference) 1.224 (0.601, 2.490) 0.945 (0.445, 2.004) 0.678 (0.294, 1.563) 0.296
Trial group 0.696
Intervention 133 427859.26 1.00 (reference) 0.875 (0.568, 1.349) 0.889 (0.561, 1.408) 0.596 (0.330, 1.076) 0.130
Control 135 444020.36 1.00 (reference) 0.672 (0.431, 1.048) 0.852 (0.543, 1.337) 0.662 (0.374, 1.173) 0.201
Energy intake from 
diet

0.705

<=median 96 436424.28 1.00 (reference) 0.856 (0.491, 1.492) 0.810 (0.466, 1.409) 0.675 (0.370, 1.231) 0.227
> median 172 435455.3 1.00 (reference) 0.734 (0.506, 1.065) 0.943 (0.637, 1.394) 0.566 (0.311, 1.030) 0.144
BMI (kg/m2) 0.480
≤ 30 215 678412.9 1.00 (reference) 0.784 (0.556, 1.104) 0.816 (0.566, 1.177) 0.688 (0.441, 1.073) 0.123
> 30 53 193466.71 1.00 (reference) 0.704 (0.349, 1.420) 1.108 (0.563, 2.180) 0.424 (0.141, 1.276) 0.344
Alcohol intake 0.871
No 60 234366.13 1.00 (reference) 0.717 (0.350, 1.469) 0.923 (0.467, 1.823) 0.742 (0.345, 1.599) 0.595
Yes 208 637513.5 1.00 (reference) 0.784 (0.557, 1.104) 0.858 (0.595, 1.237) 0.576 (0.351, 0.947) 0.049
Family history of 
HNC

0.175

No 251 837764.70 1.00 (reference) 0.771 (0.566, 1.05) 0.847 (0.616, 1.165) 0.573 (0.379, 0.867) 0.043
Yes/possibly 17 34114.92 1.00 (reference) 0 (0, Inf ) 0.546 (0.051, 5.892) 2.902 (0.331, 25.428) 0.991
Smoker 0.607
Never 62 424544.34 1.00 (reference) 1.037 (0.531, 2.022) 0.847 (0.418, 1.714) 0.672 (0.304, 1.489) 0.278
Current or former 206 447335.28 1.00 (reference) 0.709 (0.499, 1.008) 0.904 (0.629, 1.299) 0.630 (0.387, 1.027) 0.120
Aspirin use < 0.001
No 123 466406.80 1.00 (reference) 0.406 (0.244, 0.675) 0.915 (0.595, 1.406) 0.292 (0.130, 0.652) 0.017
Yes 145 405472.82 1.00 (reference) 1.257 (0.828, 1.909) 0.862 (0.530, 1.403) 0.991 (0.591, 1.660) 0.630
History of 
hypertension

0.130

No 183 594960.31 1.00 (reference) 0.740 (0.506, 1.083) 1.068 (0.734, 1.553) 0.601 (0.354, 1.020) 0.266
Yes 85 276919.32 1.00 (reference) 0.827 (0.488, 1.402) 0.516 (0.272, 0.980) 0.660 (0.342, 1.276) 0.075
History of diabetes 0.997
No 252 818456.1 1.00 (reference) 0.774 (0.564, 1.064) 0.875 (0.628, 1.219) 0.641 (0.420, 0.980) 0.070
Yes 16 53423.56 1.00 (reference) 0.648 (0.180, 2.327) 0.767 (0.207, 2.836) 0.475 (0.090, 2.514) 0.424
Physical activity 0.099
<=median 159 440583.91 1.00 (reference) 1.059 (0.723, 1.551) 1.000 (0.650, 1.538) 0.739 (0.417, 1.312) 0.436
> median 109 431295.72 1.00 (reference) 0.437 (0.256, 0.747) 0.692 (0.427, 1.119) 0.479 (0.266, 0.863) 0.033
HRs were adjusted for age (years), sex (male, female) and race (white, non-white), educational level (college below, college graduate, postgraduate), trial group 
(intervention, control), energy intake from diet (kcal/day), BMI (kg/m2), smoker (never, current or former), alcohol intake (no, yes), family history of HNC (no, yes/
possibly), aspirin use (no, yes), history of hypertension (no, yes), history of diabetes (no, yes), and physical activity (min/week)
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dose-response manner. To our knowledge, this is the first 
prospective study with up to 98,456 participants demon-
strating an inverse association between LFD patterns and 
HNC risk

Several potential mechanisms may be involved in the 
association between LFD scores and risk of HNC. LFD 
patterns may inhibit carcinogenesis in the head and neck 
region by regulating hormone levels, improving insu-
lin sensitivity, controlling body weight, reducing intake 
of detrimental fats, and increasing intake of beneficial 
foods. Fat intake is associated with changes in hormone 
levels. High-fat diets may increase levels of estrogen and 
testosterone, and higher endogenous estrogen is linked 
to increased risk of HNC [40]. LFD may exert anticancer 
effects by decreasing hormone levels. High-fat diets can 
lead to insulin resistance, while activation of insulin and 
IGF-1 signaling pathways is implicated in cancer devel-
opment [41]. LFD may suppress tumor development by 
improving insulin sensitivity and lowering IGF-1 lev-
els. Excess fat intake is associated with obesity, which 
is a risk factor for HNC [42]. LFD patterns can control 
body weight and thus lower cancer risk. Different types 
of fats have varying mechanisms of action. Saturated fats 
provoke inflammatory responses while trans fats cause 
oxidative stress [43]. LFD can restrict intake of these det-
rimental fats. LFDs are rich in beneficial components like 
dietary fiber and antioxidant nutrients which may have 
anticancer effects [44].

Strengths of the present analysis include the prospec-
tive design, large sample size, long follow-up duration, 
ability to control for smoking and alcohol as major risk 
factors, and assessment of overall dietary patterns rather 
than individual nutrients or foods. Most importantly, 
this is the first study to demonstrate that adherence to 
an LFD pattern is associated with reduced risks of total 

HNC as well as its subtypes, suggesting a potential pre-
ventive effect against HNC

This study also has some limitations. First, although we 
considered a comprehensive range of confounding fac-
tors, and sensitivity analysis also showed that the results 
are stable, residual confounding factors cannot be com-
pletely ruled out. Moreover, due to the unavailability 
of data, we were unable to conduct analyses for certain 
confounding factors such as HPV infection. There is cur-
rently little evidence on whether the association between 
diet and HNC risk changes in people with different HPV 
infection status. One study showed that fruit consump-
tion was associated with a reduced HNSCC risk among 
HPV-16-seronegative individuals but an increased 
HNSCC risk among the HPV-16-seropositive individuals 
[45]. The mechanism is currently unclear. It is also pos-
sible that the LFD score is associated with HNC risk dif-
ferently in people with different HPV status, which needs 
to be explored in more clinical studies in the future. 
Second, as with other nutritional epidemiology studies, 
measurement error in dietary assessment remains a con-
cern despite the survey questionnaires used in the cohort 
being validated and showing good validity. Third, we 
were unable to evaluate the impact of potential dietary 
changes over time since only baseline diet information 
was comprehensive in the PLCO trial, and subsequent 
supplementary diet questionnaires had missing diet data. 
Forth, in our study, over 90% of participants were non-
hispanic White; over 60% had educational degree of some 
college or less; and around half were aspirin users or ever 
smokers. Therefore, our results may not be applicable to 
other populations. Finally, participants in this study were 
U.S. adults aged 55 to 74, so the results need to be applied 
with caution to other populations

Table 4  Sensitivity analyses on the association of LFD scores with the risk of HNC
No. of No. of Hazard Ratio (95% Confidence Interval) by LFD 

Scores a

Categories Participants Cases Quartile 1 
(≤ 10)

Quartile 2 
(11–15)

Quartile 3 
(16–20)

Quartile 4 
(≥ 21)

Ptrend

Repeated analysis in participants with non-missing data 71,492 169 1.00 (reference) 0.80 (0.54, 
1.18)

0.94 (0.63, 
1.41)

0.74 (0.46, 
1.21)

0.355

Excluded participants with family history of HNC b 96,516 251 1.00 (reference) 0.77 (0.56, 
1.06)

0.85 (0.61, 
1.18)

0.59 (0.39, 
0.90)

0.025

Excluded participants with a history of diabetes c 91,990 252 1.00 (reference) 0.76 (0.56, 
1.04)

0.85 (0.61, 
1.17)

0.61 (0.41, 
0.93)

0.036

Excluded cases observed within the first 2 years of 
follow-up

98,407 216 1.00 (reference) 0.80 (0.57, 
1.13)

0.91 (0.64, 
1.30)

0.71 (0.46, 
1.10)

0.189

Excluded cases observed within the first 4 years of 
follow-up

98,341 150 1.00 (reference) 0.80 (0.52, 
1.19)

0.93 (0.61, 
1.42)

0.64 (0.37, 
1.11)

0.201

a: HRs were adjusted for age (years), sex (male, female) and race (white, non-white), educational level (college below, college graduate, postgraduate), trial group 
(intervention, control), energy intake from diet (kcal/day), BMI (kg/m2), family history of HNC (no, yes, possibly), smoker (never, current or former), alcohol intake (no, 
yes), aspirin use (no, yes), history of hypertension (no, yes), history of diabetes (no, yes), physical activity (min/week)

b: Hazard ratio was not adjusted for family history of HNC

c: Hazard ratio was not adjusted for history of diabetes
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Conclusion
In summary, we established an association between 
higher LFD score and reduced risk of HNC and larynx 
cancer. Thus, our findings support potential benefits of 
adhering to LFD dietary patterns as a HNC and larynx 
cancer prevention strategy
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