
R E S E A R C H Open Access

© The Author(s) 2024. Open Access  This article is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 
International License, which permits any non-commercial use, sharing, distribution and reproduction in any medium or format, as long as you 
give appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and indicate if you modified the 
licensed material. You do not have permission under this licence to share adapted material derived from this article or parts of it. The images or 
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory regulation or 
exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this licence, visit ​h​t​​​​t​p​:​/​/​c​r​e​​a​​​t​i​
v​e​​c​​o​​m​​m​​o​n​s​.​o​r​g​/​l​i​c​e​n​s​e​s​/​b​y​-​n​c​-​n​d​/​4​.​0​/​​​​​.​​​

Cheng et al. Archives of Public Health          (2024) 82:225 
https://doi.org/10.1186/s13690-024-01445-8

Archives of Public Health

*Correspondence:
Tong Sun
stxx1314@126.com
Guoxin Huang
xzyxhgx@163.com

1Department of Traditional Chinese Medicine (TCM) Geriatrics, Huadong 
Hospital, Fudan University, Shanghai 200040, China
2Department of Neonatology, Jiuting Hospital, Shanghai 201615, China
3Department of Evidence-Based Medicine Center, People’s Hospital, 
Hubei University of Medicine, Xiangyang No.1, Xiangyang 441000, China

Abstract
Background  Added sugars intake is common among individuals with Parkinson’s disease (PD), yet the link between 
added sugars intake and PD is not well understood. Our study aims to investigate the association between added 
sugars intake and PD.

Methods  This study utilized data from the National Health and Nutrition Examination Survey (NHANES) from1990 to 
2020. Added sugars intake was estimated based on a 24-hour dietary recall from participants. Multivariable logistic 
regression analysis was employed to explore the relationship between added sugars intake and the prevalence of 
PD. Restricted cubic spline (RCS) was used to explore the nonlinear association between added sugars intake and PD. 
To further observe whether the conclusions were consistent across different subgroups, we conducted subgroup 
analyses to investigate the association of added sugars intake with PD in different populations.

Results  The study included 12,489 participants, of which 100 had PD. When weighted, the data represented 
136,959,144 participants. The study revealed a positive association between added sugars intake and the prevalence 
of PD. In multivariable regression models adjusted for all confounding factors, compared with the lowest quartile of 
added sugars intake, the third quartile (OR = 2.99; 95% CI: 1.43–6.26) and those consuming more than 25% of their 
calories from added sugars (OR = 3.34; 95% CI: 1.03–10.86) had the highest risk of PD. The RCS curve showed an 
L-shaped nonlinear association between added sugars intake and PD. Two-segment linear regression by sex revealed 
that PD prevalence in women was linearly related to sugar intake (nonlinear P = 0.465), while men exhibited an 
L-shaped nonlinear relationship (nonlinear P = 0.03). Additionally, subgroup analysis showed that alcohol consumption 
and diabetes significantly influenced the association between added sugars intake and the prevalence of PD.

Conclusion  These results highlight a positive association between added sugars intake and the prevalence of PD, 
particularly among women, heavy drinkers, and individuals with diabetes.
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Text box 1. Contributions to the literature
• This study underscores the potential influence of dietary factors on 
the progression of Parkinson’s disease, focusing on non-genetic risk 
factors in a largely underexplored area.
• We highlight a positive association between added sugar intake and 
the prevalence of Parkinson’s disease, suggesting that dietary modifica-
tions may serve as a preventive strategy in public health initiatives 
aimed at reducing the risk of this condition.
• Public health policies can be customized for diverse populations, 
particularly targeting women, heavy drinkers, and individuals with 
diabetes, to implement effective added sugar restriction measures.

Introduction
Parkinson’s disease (PD) is a rapidly progressing neuro-
degenerative disorder [1] that has become a significant 
global public health concern. In Europe, the prevalence 
and incidence rates of PD are approximately 108–257 
per 100,000 and 11–19 per 100,000 per year, respectively 
[2]. The global incidence of PD is rising, being more 
common in older adults and men. The increase in prev-
alence has exceeded changes in population demograph-
ics, placing substantial pressure on healthcare systems 
[3]. Parkinson’s is a heterogeneous disease in its clinical 
presentation, pathology, and genetics, with its etiological 
mechanisms remaining unclear [4]. In most cases, non-
genetic factors play a significant role. The heterogeneity 
of Parkinson’s begins in the prodromal phase. Although 
the long prodromal period complicates causal interpreta-
tions, some epidemiological studies have identified non-
genetic risk factors such as dairy consumption, smoking, 
caffeine intake, and physical activity (PA) as potential 
influences on the development of PD [3].

Common dietary sugars, in addition to naturally occur-
ring sugars, include added sugars, free sugars, and sweet-
eners. Added sugars are those introduced during food 
processing or preparation, while free sugars encompass 
both added sugars and sugars naturally found in honey, 
syrups, and fruit juices [5]. Sweeteners, on the other 
hand, are sugar substitutes used to provide sweetness 
without the caloric content, and they can be either arti-
ficial or natural [6]. Generally, sugar-sweetened bever-
ages are the most common and largest source of added 
sugars, and their consumption is steadily increasing in 
many developing countries [7], which has led to poor 
health outcomes [8]. It is worth noting that recent large-
scale prospective cohort studies have supported the asso-
ciation between added sugars intake and various adverse 
health outcomes, including the induction of cardiovascu-
lar diseases [9], a reduction in handgrip strength [10] and 
weight gain [11]. Meanwhile, added sugars is common 
among PD patients, and increased sugar consumption 
is associated with an increase in non-motor symptoms, 
including reduced quality of life, increased severity of 
constipation, and a higher daily requirement for levodopa 
[12]. However, clinical evidence directly revealing the 

relationship between added sugars and PD is limited. The 
latest guidelines from the World Health Organization 
recommend avoiding the use of non-sugar sweeteners 
(low-calorie and no-calorie sweeteners) for weight con-
trol [11]. Before detailed sugar restriction policies can 
be formulated, it is necessary to comprehensively evalu-
ate the quality of existing evidence on the association 
between dietary sugar intake and all health outcomes.

Currently, no treatment can halt the progression of 
PD [13], underscoring the need for further research into 
non-genetic factors and the identification of risk or pro-
tective factors. In-depth research elucidating the rela-
tionship between added sugars intake and PD incidence 
can help clarify the impact of added sugars on public 
health, thereby informing the development of appropri-
ate preventive strategies.

Materials and methods
Study participants
The National Health and Nutrition Examination Survey 
(NHANES) is a series of cross-sectional surveys designed 
to assess the health status of the entire U.S. popula-
tion. The study protocol was approved by the NCHS 
Research Ethics Review Board, and all participants pro-
vided written informed consent. We included 10 cycles of 
NHANES data from 1990 to 2020, with a total of 116,752 
participants with information on PD, and 24,045 partici-
pants with information on added sugars intake. PD was 
defined as detailed in the section ‘Assessment of Par-
kinson ‘. After excluding individuals under 18 years old, 
those lacking Parkinson’s information, and those without 
added sugar data, covariates were separately extracted 
for analysis, allowing us to obtain data from 62,524 to 
116,876 participants. After merging all variables, 116,876 
participants were included. Further exclusions of 104,387 
participants with missing covariate data resulted in a 
final inclusion of 12,489 participants, among which 100 
had Parkinson’s disease and 12,389 did not. After weight-
ing, these participants represented 136,959,144 individu-
als (Fig. 1). The main outcome and exposure assessment 
result is whether participants have PD.

Assessment of added sugars intakes
The primary exposure factor is added sugar, which refers 
to caloric sweeteners added to foods during prepara-
tion, processing, or at the table as ingredients, excluding 
naturally occurring sugars. In NHANES, added sugars 
include brown sugar, cane syrup, corn syrup, corn syrup 
solids, dextrose, fructose, fruit syrup, honey, maple syrup, 
molasses, pancake syrup, raw sugar, sorghum syrup, and 
white sugar [14]. All NHANES participants were eligible 
for two 24-hour dietary recall interviews, which were 
used to estimate added sugars intake. The average of 
the two interviews was then used for data analysis. The 
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first dietary recall interview was collected in person at 
the Mobile Examination Center (MEC), and the second 
interview was conducted by telephone 3 to 10 days later. 
Dietary data, including total energy and added sugars, 
were extracted from the first day (DR1TOT), the second 
day (DR2TOT), and the USDA MyPyramid Equivalents 
Database/Food Patterns Equivalents Database (MPED/
FPED) files. In the FPED, one teaspoon equivalent of 
added sugars is defined as 4.2 g of sugar, with 1 gram of 
added sugars equaling 3.87  kcal. We calculated added 
sugars intake as a percentage of total daily energy (% kcal) 
and categorized the population into quartiles (Q1-Q4) 
with cut-off points at the 25th (7.35%), 50th (13.83%), and 

75th (23.71%) percentiles. Additionally, we classified the 
percentages into < 5%, 5–10%, 10–25%, and ≥ 25% based 
on cut-off points recommended by different institutions.

Assessment of Parkinson
Similar to previously published articles based on 
NHANES, we used self-reported outcomes from the 
participants’ medical condition questionnaires [15]. 
Participants were asked in the health questionnaire 
whether they take anti-Parkinson’s medication. Those 
who answered “yes” were considered to have PD, which 
was defined by the use of medications such as Benztro-
pine, Methyldopa, Carbidopa, Levodopa, Entacapone, 

Fig. 1  The flow chart of study population selection: NHANES 1990–2020. NHANES, National Health and Nutrition Examination Survey; PD, Parkinson’s 
disease

 



Page 4 of 11Cheng et al. Archives of Public Health          (2024) 82:225 

Amantadine, and Ropinirole, while those who selected 
other responses were considered not to have PD [16].

Study covariates
The epidemiology of PD shows marked variations in age, 
geography, ethnicity, and sex. Therefore, demographic 
covariates in this study included age, sex (male, female), 
race/ethnicity (Mexican American, other Hispanic, non-
Hispanic White, non-Hispanic Black, other races), mari-
tal status (married, widowed, divorced, separated, never 
married, and living with a partner), education level (less 
than high school, high school graduate, more than high 
school), poverty income ratio (PIR).

Underweight was associated with an increased risk 
of PD incidence [17], while physical exercise, alco-
hol consumption, and smoking trends are thought to 
potentially have protective effects against Parkinson’s 
disease [3, 18]. As a result, we included them as covari-
ates in our analysis. Body mass index (BMI, a measure 
of body fat based on an individual’s weight in kilograms 
divided by the square of their height in meters, catego-
rized as < 25, 25–30, and ≥ 30  kg/m²); PA (measured by 
the total metabolic equivalent of task (MET) minutes per 
week, combining work, recreational activities, and walk-
ing or bicycling, and categorized as < 500 or ≥ 500 MET 
minutes/week); Personal lifestyle factors based on self-
reporting, including smoking status (never: smoked less 
than 100 cigarettes in life; former: smoked more than 100 
cigarettes in life and smoke not at all now; now: smoked 
more than 100 cigarettes in life and smoke some days or 
every day) and alcohol-drinking (never: had < 12 drinks in 
lifetime; former: had 12 drinks in 1 year and did not drink 
last year, or did not drink last year but drank ≥ 12 drinks 
in lifetime; heavy: men who had ≥ 4 drinks per day or 
women who had ≥ 3 drinks per day; moderate: men who 
had 3 drinks per day or women who had 2 drinks per day; 
others were defined as ‘mild’).

A review of existing meta-analyses identified a link 
between added sugars intake and various chronic dis-
eases, prompting us to include the following diseases as 
covariates [14]. Several self-reported diseases (all clas-
sified as yes/no): cancer, diabetes (diagnosed by any of 
the following: told by a doctor or health professional; 
HbA1c ≥ 6.5%; fasting plasma glucose ≥ 7.0 mmol/L; ran-
dom plasma glucose ≥ 11.1 mmol/L; 2-hour plasma glu-
cose (oral glucose tolerance test, OGTT) ≥ 11.1 mmol/L; 
use of antidiabetic medications. Individuals with 
impaired glucose tolerance and impaired fasting glucose, 
as well as those self-reporting as “borderline,” were con-
sidered non-diabetic), hypertension (diagnosed by any 
of the following: told by a doctor or health professional; 
use of antihypertensive medication; systolic blood pres-
sure ≥ 140 mmHg and/or diastolic blood pressure ≥ 90 
mmHg).

Many genetic risk factors for PD have lipid-related 
functions [19], and added sugars intake is associated with 
dyslipidemia [20], prompting us to include laboratory 
data serum levels related to lipid metabolism as covari-
ates: fasting triglycerides (mmol/L), total cholesterol 
(mmol/L), HDL-C (high density lipoprotein cholesterol) 
(mmol/L), and LDL-C (low density lipoprotein choles-
terol) (mmol/L). Specific techniques and quality control 
information for all covariates can be obtained from the 
NHANES website.

Statistical analysis
All statistical analyses were performed using R statistical 
software (R 4.3.1), with a two-sided P-value < 0.05 con-
sidered statistically significant. We combined the sample 
weights for 10 consecutive cycles as recommended on 
the NHANES website, and all data were weighted using 
the variable wtsaf2  year.lipid to account for the sam-
pling design. Normality of the continuous variables was 
assessed using the Shapiro-Wilk test. In the baseline 
information table, continuous variables that conformed 
to a normal distribution were expressed as means (stan-
dard deviations), those that did not conform to a normal 
distribution were expressed as medians (interquartile 
ranges), and categorical variables were expressed as per-
centages. Group comparisons for continuous variables 
that conformed to a normal distribution were performed 
using t-tests, those that did not conform to a normal dis-
tribution were compared using Kruskal-Wallis H tests, 
and group comparisons for categorical variables were 
performed using chi-square tests.

In this study, to explore the relationship between 
added sugars and the prevalence of PD, we conducted 
multivariable logistic regression analyses. Three models 
were constructed for analysis: the crude model without 
any covariates, Model 1 adjusted for sex, age, and race, 
and Model 2 adjusted for all covariates. Added sugars 
energy percentage (classified into four categories based 
on cut-off points of 5%, 10%, and 25%) and the quar-
tiles of the percentage of total daily energy from added 
sugars (Q1-Q4) were used as categorical variables, with 
the lowest category serving as the reference group for 
trend tests, yielding the corresponding odds ratios and 
p-values. Additionally, we employed restricted cubic 
spline (RCS) analyses to assess potential nonlinear asso-
ciations between added sugars and PD, incorporating all 
covariates.

Finally, we used stratified logistic regression models 
and interaction tests based on all potential confound-
ers in the baseline table to determine the consistency of 
these associations across different subgroups, including 
sex, age, race, education level, smoking status, diabetes 
status, and hypertension status.
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Results
Population, outcome and exposure factors characteristics
Table  1 shows the baseline characteristics of the overall 
population, along with the characteristics of each quar-
tile of %kcal added sugars and the percentage of energy 
from added sugars. A total of 12,489 Americans aged 
were included, with a weighted mean age of 45.32 years, 
of which 51.72% were male and 48.28% were female. The 
overall prevalence of PD was 0.74%.

The weighted mean age for participants in the Q1 
quartile of added sugars calorie percentage was 48.21, 
Q2: 47.63, Q3: 45.09, and Q4: 40.83 years, respectively. 
Additionally, there were significant differences (P < 0.05) 
in BMI, age, PIR, triglycerides, total cholesterol, HDL-C, 
alcohol-drinking, tumor presence, sex, race, marital sta-
tus, education, diabetes, hypertension, and smoking sta-
tus among the different quartiles of added sugars calorie 
percentage and between the quartiles of added sugars 
intake. An increase in added sugars intake was associ-
ated with a higher prevalence of PD, a lower age, a lower 
probability of chronic diseases, and sex differences (more 
males, fewer females).

Multivariate regression analysis
In this study, three models were constructed to examine 
the relationship between added sugars and PD (Table 2). 
We found a positive correlation between the percentage 
of calories from added sugars and PD. In Model 1, which 
adjusted for some confounding factors, the odds ratio 
(OR) was 1.02 (95% CI 1.01–1.03; P = 0.004), indicating 
that for each unit increase in added sugars, the risk of PD 
increased by 2%. This relationship remained in Model 2 
(OR = 1.02; 95% CI 1.01–1.03; P < 0.05).

Through multivariate regression analysis, compared 
with the first quartile of the percentage of calories from 
added sugars, in the fully adjusted model, the third quar-
tile had the highest prevalence of PD (OR = 2.99; 95% CI: 
1.43–6.26; P = 0.004), and the fourth quartile also had a 
higher prevalence of PD (OR = 2.99; 95% CI: 1.43–6.26; 
P = 0.01), with a trend p-value < 0.05. Additionally, com-
pared to those consuming less than 5% of their calories 
from added sugars, in the fully adjusted model, those 
consuming 10–25% of their calories from added sugars 
had a higher prevalence of PD (OR = 2.72; 95% CI: 1.07–
6.95; P = 0.04). The same trend was observed in those 
consuming more than 25% of their calories from added 
sugars (OR = 3.34; 95% CI: 1.03–10.86).

RCS analysis
RCS was used to fit a smooth curve, indicating an 
L-shaped nonlinear relationship between added sug-
ars intake and PD (nonlinear P = 0.021; Fig.  2A), with 
a turning point at 13.83. As the proportion of calo-
ries from added sugars increased, the prevalence of PD 

significantly increased, but this increase was more pro-
nounced at lower levels of added sugars intake.

The threshold effects of added sugars on PD were fur-
ther analyzed using two-segment linear regression by 
sex. As shown in Fig. 2B, the prevalence of PD in women 
was linearly related to added sugars intake (nonlinear 
P = 0.465), while men remained an L-shaped nonlinear 
association with added sugars intake (nonlinear P = 0.03). 
After the cut point (15.97), the association between 
added sugars and PD showed different trends in men and 
women.

Subgroup analysis and interactions
To further observe whether the conclusions were con-
sistent across different subgroups, we analyzed the asso-
ciation between added sugars intake and PD in various 
subpopulations. All variables recorded in Model 2 were 
retained in this analysis, and the entire population was 
stratified based on age, sex, BMI, hypertension, dia-
betes mellitus (DM), alcohol-drinking, and smoking 
status. Considering potential differences among these 
populations and specific environmental factors, we also 
tested their interactions. Continuous stratified analysis 
revealed no interaction between added sugars and sex, 
BMI, age, hypertension, or smoking (interaction P > 0.05) 
after adjusting for other covariates. However, alcohol 
consumption and diabetes were effect modifiers in the 
relationship between added sugars and PD. For individu-
als with diabetes, the OR was 1.08 (95% CI: 1.03–1.13; 
P = 0.003), while for those without diabetes, the OR was 
1.02 (95% CI: 1.00–1.03; P = 0.02), with an interaction 
p-value < 0.001. For moderate drinkers, the OR was 1.04 
(95% CI: 1.01–1.06; P = 0.003), and for heavy drinkers, the 
OR was 1.06 (95% CI: 1.01–1.12; P = 0.02), with an inter-
action P = 0.05. (Fig. 3)

Discussion
Previous research has suggested that the onset of PD is 
related to dietary habits, with certain phenotypes being 
modifiable through diet [12, 21]. However, the asso-
ciation between added sugars intake and PD remains 
unclear. This cross-sectional study aims to investigate the 
potential impact of added sugars intake on the prevalence 
of PD by analyzing data from ten consecutive cycles of 
NHANES, as well as exploring whether this association is 
consistent across different populations.

Growing evidence indicates that added sugars, partic-
ularly high-fructose corn syrup, are associated with the 
global rise in obesity rates [22]. Recent studies suggest 
that consuming high-sugar foods can lead to increased 
insulin levels, which may positively impact dopamine 
concentrations in the brain, compensating for the dopa-
mine deficiency in PD [23]. The Dietary Guidelines 
for Americans (DGA) 2020–2025 report recommends 
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reducing the limit on added sugars from 10% of total 
energy intake to 6% [24]. In our baseline data, we indeed 
observed that populations in the higher quartiles of 
added sugars intake and percentage groups exhibited a 
correspondingly higher prevalence of PD, which aligns 
with the existing literature. Clinical research has con-
firmed that PD patients tend to consume more added 
sugars, which may exacerbate oxidative damage in the 
brain, such as inducing neuroinflammation, oxida-
tive stress, synaptic loss, and the degeneration of spe-
cific neuronal populations [25]. A study involving 5,824 
participants from the NHANES database found that 
increased adherence to the Mediterranean diet (espe-
cially with reduced sweets intake) was associated with a 

lower probability of PD prevalence [26]. Although there 
are few existing studies on the association between added 
sugars and PD, the impact of dietary patterns on PD is 
well-established [27]. Previous studies have found that 
the complex bidirectional communication between the 
gut and brain is regulated by dietary patterns, playing a 
crucial role in the pathogenesis of PD [28], and caloric 
restriction can reduce its incidence [29]. Meanwhile, 
another cross-sectional study discovered significant asso-
ciations between PD and dietary factors such as sugar, 
fish, and milk [30].

Furthermore, our multivariate regression analysis, 
adjusted for potential confounders such as BMI, blood 
lipids, smoking, and socioeconomic status, revealed a 

Table 2  Weighted multivariate logistic regression results of the associations between added sugars intake and PD: NHANES 1990–
2020
Characters Crude model Model 1 Model 2

OR (95%CI) OR (95%CI) OR (95%CI)

95%CI P-value 95%CI P-value 95%CI P-value
Quartile %kcal added sugars
Q1 1.00 (Ref ) 1.00 (Ref ) 1.00 (Ref )
Q2 1.52 (0.73,3.17) 0.26 1.57 (0.74,3.33) 0.24 1.68 (0.78,3.60) 0.18
Q3 2.31 (1.13,4.74) 0.02 2.82 (1.38,5.75) 0.005 2.99 (1.43,6.26) 0.004
Q4 2.04 (0.86,4.87) 0.11 3.30 (1.33,8.16) 0.01 3.28 (1.29,8.34) 0.01
P-value for trend 0.08 0.004 0.01
Percentage of energy from added sugars
<5 1.00 (Ref ) 1.00 (Ref ) 1.00 (Ref )
5–10 1.99 (0.84,4.71) 0.12 1.92 (0.81, 4.55) 0.14 1.94 (0.81,4.61) 0.13
10–25 2.28 (0.92,5.64) 0.08 2.55 (1.02, 6.35) 0.05 2.72 (1.07,6.95) 0.04
>25 2.26 (0.76,6.75) 0.14 3.50 (1.12,10.93) 0.03 3.34 (1.03,10.86) 0.05
P-value for trend 0.2 0.03 0.04
Odds ratios (95% CIs) for risk of PD were analyzed using logistic regression models. Crude model: No covariates were adjusted; Model 1: age, sex, race; Model 2: 
alcohol-drinking, BMI, cancer, age, sex, race, marital, PIR, education, DM, lipids, PA, hypertension, smoking status. OR, odds ratio; CI, confidence intervals. Q1, 1st 
quartile; Q2, 2nd quartile; Q3, 3rd quartile; Q4, 4th quartile

Bold value: the value has statistical significance

Fig. 2  Dose-response relationships between added sugars intake with PD: NHANES 1990–2020. Odds ratios (ORs) and 95% confidence intervals (CIs) are 
based on a logistic regression model adjusted for variables in Model 2. The solid lines represent ORs, and the shaded areas represent 95%CIs. (A) Nonlinear 
relationship between added sugars intake and PD. (B) Two-segment linear regression by sex. PD, Parkinson’s disease
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strong association in which individuals in the highest 
quartile of added sugars intake exhibited nearly three 
times the prevalence of PD compared to those in the low-
est quartile. This correlation underscores the significant 
positive relationship between added sugars intake and 
PD revealed by our study. From the perspective of the 
pathological mechanism, neuronal homeostasis relies on 
monosaccharides and complex sugars, and their meta-
bolic dysregulation can impair neural function, lead-
ing to neurodegenerative diseases [31]. Recent research 
suggests that high-sugar diets may alter neurochemical 
pathways and modulate neuroinflammation or oxidative 
stress, which are key mechanisms in neurodegenerative 
diseases like PD, further impacting disease progression 
[32, 33]. Moreover, excessive carbohydrate metabolism 

has been identified as a cause of mitochondrial dysfunc-
tion in PD [34]. In line with this, animal studies have 
found a strong association between fructose and neuro-
degenerative diseases, with high-fructose intake induc-
ing early signs of neurodegeneration in the hippocampus 
[35]. The aforementioned research supports the findings 
of our study.

The inclusion of all covariates in the RCS analysis fur-
ther supports the robustness of these findings, indicating 
an L-shaped nonlinear association between added sugars 
intake and PD. As added sugars intake surpasses certain 
thresholds, the positive correlation continues to rise, 
albeit at a slower rate, suggesting a plateau effect at higher 
levels of intake. This nonlinear relationship underscores 
the complexity of the association between diet and PD, 

Fig. 3  Forest plot: Continuous stratified analysis of the association between added sugars (%kcal) and PD stratified by population characteristics. Odds 
ratios (ORs) and 95% confidence intervals (CIs) are based on a logistic regression model adjusted for variables in Model 2, stratified by the key risk factors. 
PD, Parkinson’s disease; BMI, body mass index; DM, diabetes mellitus. Likelihood ratio tests were used to assess the significance of interaction terms in the 
model, and two-sided P values are reported. Bold value: the value has statistical significance

 



Page 10 of 11Cheng et al. Archives of Public Health          (2024) 82:225 

highlighting the importance of considering nonlinear-
ity in dietary studies. We further analyzed the threshold 
effects of added sugars on PD using two-segment linear 
regression by sex. Interestingly, after the cut point, the 
association between added sugars and PD was more sig-
nificant in females than in males. This suggests that while 
males are the primary demographic for PD onset, females 
may experience greater negative impacts on PD risk and 
progression with increased added sugars intake. Despite 
the biological reasons behind this finding remain unclear, 
a multimodal biomarker study has found that gonado-
tropins may mediate the age-dependent phenomena of 
amyloid deposition and cognitive decline [36]. Similarly, 
a large-scale prospective study found that women exhibit 
greater susceptibility to weight changes following car-
bohydrate intake [11]. Future research should explore 
how these associations may vary across different demo-
graphics and health profiles, further clarifying the role of 
dietary sugars in the context of PD.

Increased added sugars intake is a major factor con-
tributing to common diseases related to metabolic dys-
function, such as obesity and diabetes, both of which are 
common risk factors for PD [37].Considering potential 
differences among populations, our subgroup analysis 
adjusted for other covariates and found no interaction 
between added sugars and sex, BMI, age, hypertension, 
or smoking (interaction P > 0.05). However, alcohol con-
sumption and DM were effect modifiers in the relation-
ship between added sugars and PD. Previous research 
has shown an association between PD and DM in both 
molecular and epidemiological studies, including links 
between α-synuclein and amyloid aggregation [38]. A 
high intake of rapid-acting carbohydrates can also affect 
insulin metabolism, which has recently been considered 
a potential factor influencing the progressive neurode-
generation in PD [39]. Understanding these nuances can 
help in developing targeted dietary interventions aimed 
at reducing the risk of PD in susceptible populations. 
To build on this, it’s essential to consider the underly-
ing mechanisms that may drive this relationship, such as 
the impact of added sugars on inflammation and insulin 
resistance, which could exacerbate neurodegenerative 
processes. Excessive levels of pro-inflammatory agents 
in insulin resistance can induce abnormal neuroinflam-
mation, suggesting that a similar mechanism may apply 
to PD [40]. Our study also indicated that heavy drinkers 
have a higher risk of PD. Alcohol is a psychoactive sub-
stance with dependence-producing properties. Contrary 
to our findings, previous studies have shown a significant 
negative association between alcohol consumption and 
PD risk [41], or no association at all [42]. This discrep-
ancy may be due to individuals with PD reducing their 
alcohol consumption due to symptoms or substituting 

alcoholic beverages for sugary drinks, which could 
explain the inconsistent results.

This is the first study to explore the relationship 
between added sugar intake and Parkinson’s disease inci-
dence using a large clinical sample, which indicates a 
significant positive correlation between increased added 
sugar intake and higher prevalence of Parkinson’s dis-
ease in the U.S. population. Second, the robustness of 
the findings was confirmed after adjusting for confound-
ing factors in the model. We also analyzed the associa-
tion between added sugars intake and PD across different 
population groups, taking into account potential differ-
ences and specific environmental factors, and tested for 
interactions between these variables. Nevertheless, the 
study has limitations. These include potential bias in the 
questionnaire collection, possible confounding effects 
from other chemicals in sugary drinks, and the cross-
sectional design’s inability to establish causality between 
added sugars intake and PD prevalence. Furthermore, we 
did not control for overall diet quality, including intake of 
other nutrients (e.g., fiber, fats, protein) or specific foods 
like fruits and vegetables, which could have influenced 
the associations observed. Finally, PD diagnoses were 
based on self-reported data, which may introduce bias.

Conclusion
In this cross-sectional study, our data indicated a positive 
association between added sugars intake and the preva-
lence of PD, particularly among women, heavy drinkers, 
and individuals with diabetes. Future research should 
adopt a longitudinal design and comprehensive dietary 
assessments to clarify the link between added sugars and 
PD.
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