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ARTICLE INFO ABSTRACT
Keywords: Objective: Uncoupling protein 2 (UCP2) is an ion/anion transporter in the mitochondrial inner
Mitochondria membrane that plays a crucial role in immune response, regulation of oxidative stress, and
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cellular metabolism. UCP2 polymorphisms are linked to chronic inflammation, obesity, diabetes,
heart disease, exercise efficiency, and longevity. Daily step count and number of teeth are
modifiable factors that reduce mortality risk, although the role of UCP2 in this mechanism is
unknown. This study aimed to assess the possible effects of UCP2 polymorphisms on the asso-
ciation between daily step count and number of teeth with all-cause mortality.

Methods: This study was conducted as a cohort project involving adult Japanese outpatients at
Sado General Hospital (PROST). The final number of participants was 875 (mean age: 69 y). All-
cause mortality during thirteen years (from June 2008 to August 2021) was recorded. The
functional UCP2 genotypes rs659366 and rs660339 were identified using the Japonica Array®.
Survival analyses were performed using multivariate Cox proportional hazard models.

Results: There were 161 deaths (mean observation period: 113 months). Age, sex, daily step count,
and the number of teeth were significantly associated with mortality. In females, UCP2 poly-
morphisms were associated with mortality independent of other factors (rs659366 GA compared
to GG + AA; HR = 2.033, p = 0.019, rs660339 C T compared to CC + TT; HR = 1.911, p = 0.029).

Abbreviations: UCP2, uncoupling protein 2; SNP, single nucleotide polymorphism; PROST, The Project in Sado for Total Health; Steps, daily step
count; Teeth, number of remaining teeth; BMI, body mass index; Alcohol, alcohol consumption; SD, standard deviation; KM analysis, Kaplan-Meier
survival analysis; HR, hazard ratio.
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Multivariate models, with and without UCP2 genotypes, yielded similar results. The interaction
terms between UCP2 genotype and daily step count or number of teeth were not significantly
associated with mortality.

Conclusion: The effects of UCP2 polymorphisms on the association between daily step count or the
number of teeth and all-cause mortality were not statistically significant. In females, UCP2
polymorphisms were significantly associated with all-cause mortality. Our findings confirmed the
importance of physical activity and oral health and suggested a role of UCP2 in mortality risk
independently with those factors.

1. Introduction

Mortality is a multifaceted outcome influenced by various factors including genetic variations, physical activity levels, and oral
health [1,2]. The protective health benefits of physical activity are rooted in the complex interplay between mechanisms that enhance
cardiovascular well-being, metabolic equilibrium, and immune competence [3,4]. Daily step count is a dynamic and modifiable
lifestyle determinant that quantifies physical activity and is strongly associated with mortality [5-8].

Oral health is a modifiable factor that can improve systemic health. Previous studies have demonstrated that poor oral health,
characterized by tooth loss, is associated with an elevated risk of chronic diseases and mortality [9,10]. Periodontitis is a chronic
inflammation caused by oral bacteria and is a major cause of tooth loss in adults [11]. Two major pathways may underlie the rela-
tionship between tooth loss and mortality: the impact of masticatory dysfunction on dietary behavior, nutrition, and systemic diseases
[12-14] and the inflammatory consequences of chronic periodontal infection on the circulatory system [15-17]. Furthermore, a
growing body of literature indicates that oral bacterial flora disorders influence immunity, inflammation, and metabolism [18].

Uncoupling protein 2 (UCP2), located in the mitochondrial inner membrane and is a member of the mitochondrial transporter
family [19], modulates mitochondrial proton leakage and induces cellular energy expenditure [20]. UCP2 is widely expressed in
numerous organs and tissues, including the white blood cells, gingiva, skeletal muscles, skin, brain, liver, and kidneys [21-26]. In vivo
and in vitro studies have suggested that UCP2 plays a significant role in the inhibitory regulation of periodontitis by attenuating
macrophage proliferation, migration, proinflammatory cytokine secretion, and ROS production [22].

UCP2 is located on chromosome 11q13 [27]. UCP2 polymorphisms have been associated with a spectrum of health conditions such
as hypertension, obesity, diabetes, and heart disease [28-31]. The A allele of the upstream transcript variant rs659366 is associated
with higher UCP2 expression levels than the G allele [32,33]. In contrast, rs660339 is a missense variant in exon 4 of UCP2, resulting in
the substitution of the amino acid Ala55Val (C-to-T transition of nucleotide). In a previous study of healthy subjects, Val/Val ho-
mozygotes showed lower energy expenditure, higher exercise efficiency, and lower fat oxidation than Ala/Val and Ala/Ala groups
[34].

As mentioned above, daily step count, reflecting physical activity levels, and the number of teeth, representing oral health, have
been demonstrated to be associated with mortality risk. We hypothesized that UCP2 influences the impact of these modifiable factors
on mortality. Thus, in this study, we explored whether UCP2 polymorphisms induce differences in the association between daily step
count or number of teeth and all-cause mortality.

2,095 participants registered for PROST
from 17t% June 2008 to 24% June 2014

2 withdrew their consent ‘

UCP2 genotypes of 2,093 participants were determined l

18 withdrew their consent
433 missing data

1642 participants with all data except step count ‘

767 missing step count data ‘

875 participants with all data including step count ‘

Fig. 1. Study design and flow chart. PROST, The Project in Sado for Total Health; UCP2, uncoupling protein.
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2. Methods
2.1. Study participants

This study was part of a hospital-based cohort study called the Project in Sado for Total Health (PROST) conducted at Sado General
Hospital, located in Sado City, Niigata, Japan. This hospital is the only major hospital in Sado Island with over 20 departments. PROST
began in June 2008 targeting out-patients aged 20 years or older. The rate of individuals over 65 years old is 43.5 % in Sado City [35],
which can serve as a model for future super-aging society. On the registration for PROST, all participants underwent the interview,
blood sampling, and counting of their remaining teeth. Other data were obtained from medical records according to each patients’
medical needs.

The research protocol adhered to the principles outlined in the Declaration of Helsinki of 2013, and was approved by the Ethics
Committee of Niigata University (No. G2021-0019). All participants provided written informed consent prior to participation.

As shown in Fig. 1, 2095 patients were initially enrolled in the PROST. They were all Japanese adults, characterized by their in-
dependence and non-institutionalized status. The UCP2 genotypes of 2093 participants were determined. Among them, 18 participants
withdrew from PROST and 433 had some missing data. Therefore, 1642 participants had all available data except step count. Finally,
875 participants with required data, including daily step counts, were actively engaged in this study. The distribution of participants’
ages is shown in Fig. 2.

2.2. Determination of UCP2 genotypes

Genomic DNA was extracted from peripheral blood using a DNA isolation kit (QIAGEN, Hilden, Germany) according to the
manufacturer’s instruction. Genotyping of UCP2 (rs659366/1s660339) polymorphisms was performed using the Japonica SNP array
(Tohoku Medical Megabank Organization, Japan) [36]. Genotype data were securely controlled by the Materials and Information
Distribution Review Committee of the Tohoku Medical Megabank Project, and data sharing with the researchers was discussed with
the review committee. All genotyped samples passed the recommended sample quality control metric for AXIOM arrays (dish
QC40.82). The quality value was set at > 99 %. Haploview version 4.2 was used for the linkage disequilibrium analyses.

2.3. Mortdlity ascertainment

The outcome of this study was all-cause mortality. Participants’ deaths were ascertained from medical records, the obituary column
of the local newspaper, and information provided by relatives and friends, as described in a previous report by PROST [37].

2.4. Data estimation

Daily step counts were garnered through the utilization of pedometers, coupled with a histogram analysis of the accumulated data.
The step count distribution was bifurcated into the lowest quartile (24-2415) and other quartiles (2416-18395), thereby enabling a
comprehensive exploration of the step count patterns [38].

Trained technicians counted the number of remaining teeth of all participants upon their registration in PROST, as described in a
previous report [39]. Wisdom teeth and residual roots with caps were included in the study. Participants were classified into two
groups according to whether the number of remaining teeth was 0-19 or >20 [40].

Height and weight were measured for all participants, and the body mass index (BMI) was calculated using the following formula:
weight (kg) divided by the square of height (m). Blood pressure was recorded as part of the PROST registration procedure. Blood
pressure was measured twice; average systolic BP > 140 mmHg, average diastolic BP > 90 mmHg, or use of antihypertensive
medication was defined as hypertension.

400
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Fig. 2. Histogram of age.
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Relevant information was obtained through comprehensive interviews with the participants when registering for PROST using a
questionnaire encompassing covariates, such as smoking status, alcohol consumption, and disease history (Supplement 1). As describe
in a previous report from PROST [41], the responses to the questionnaire regarding smoking habit were as follows: (1) “I have a
smoking habit,” (2) “I used to smoke but stopped,” and (3) “I do not smoke at all.” Past and present smokers were categorized into the
“Have smoking habit” group. The responses for alcohol consumption were as follows: (1) “I drink more than 1 day a week,” (2) “I was a
drinker before,” (3) “I’'m a social drinker” and (4) “I do not drink alcohol at all.” Social drinkers and past drinkers were categorized into
the “No drinking habits” and “Drinking habits™ groups, respectively.

2.5. Statistical analyses

Statistical analyses were performed using Statistical Package for Social Sciences (SPSS version 28.0, IBM, Chicago, IL, USA).
Initially, Kaplan-Meier survival analysis (KM analysis) was conducted as a univariate assessment of independent variables (i.e., age,
sex, daily step count, number of teeth, BMI, hypertension, diabetes, hyperlipidemia, smoking, and alcohol consumption), where
several confounding variables exhibited statistically significant outcomes. Subsequently, a multivariable Cox proportional hazard
model was used to evaluate the impact of the daily step count, number of teeth, UCP2 polymorphisms, and their interaction terms on
all-cause mortality. The outcomes of the Cox analyses were adjusted for covariates that showed significant effects on the KM analyses.
Statistical significance was set at a threshold of p < 0.05.

The final number of participants in this study was limited (n = 875), because only a part of PROST participants performed step
counting, though 1642 participants had all the data except step count. Therefore, we added two types of analyses with the 1642
participants, namely, the association study between UCP2 genotypes and diseases, and the Cox regression analyses of mortality
without step count as a predictor.

3. Results

The genotype distribution (rs659366; rs660339) in this study was consistent with the Hardy-Weinberg equilibrium (x? = 0.38 and
0.58, respectively). The D’ value was 0.96 estimated for all participants.

An overview of participant characteristics and genotype distributions is presented in Tables 1A and 1B. Of the 875 participants, 161
mortalities were recorded, with an average observation period of 113 months. A chi-square test revealed significant differences in
smoking, alcohol consumption, and the distribution of UCP2 genotypes between the male and female groups, whereas no significant
differences in other characteristics were found between the genotypes.

Subsequently, KM analysis was performed (Table 2). In each univariate analysis, significant differences in survival were observed in
terms of sex, daily step count, number of teeth, smoking status, and alcohol consumption. Survival curves are shown in Fig. 3a-c.

Table 3 presents the results of the Cox proportional hazards models for UCP2 genotypes. Only in the over-dominant models for
females did UCP2 polymorphisms show independent associations with mortality (GA compared to GG + AA; HR = 2.033, p = 0.019,
CT compared to CC + TT; HR = 1.911, p = 0.029).

We assessed the effects of UCP2 polymorphisms on the associations between daily step count, number of teeth, and mortality in the
multivariable Cox proportional hazards model for all participants, males, and females respectively (Tables 4-6). Based on the results
shown in Table 3, over-dominant models of UCP2 genotypes were included in the analyses. Two methods were used to assess the effects
of UCP polymorphisms. One was a comparison between the results of COX analyses with and without genotypes. The other was COX
analysis with the interaction terms.

As shown in Table 4, the analyses for all participants revealed that participants with lower daily step counts experienced a 1.5-fold
increased risk of mortality compared to those with higher daily step counts. The effect of the daily step count remained consistent with

Table 1 (A)

Characteristics of the study participants.
Characteristics All (n = 875) Males (n = 440) Females (n = 435)
Number of deaths 161 111 50
Age 68.8 £ 9.9 68.8 +£ 10.1 68.8 £ 9.7
Steps 4729 + 3081 4919 + 3283 4535 + 2853
Teeth 17.1 +£10.4 17.4 £10.4 16.8 +£10.3
BMI 24.2 +£ 4.0 24.2 £+ 3.35 24.2 + 4.53
Hypertension 488 (56%) 265 (60%) 223 (51%)
Diabetes 190 (22%) 114 (26%) 76 (17%)
Dyslipidemia 264 (30%) 108 (24%) 156 (36%)
Smoking 351 (40%) 316 (72%) 35 (8%)"
Alcohol 343 (39%) 278 (63%) 65 (15%)"

UCP2, Uncoupling protein 2; Steps, daily step count; Teeth, the number of teeth; BMI, body mass index. Smoking, smoking habit; Alcohol, alcohol
consumption.
Values represent mean =+ SD or the number of subjects.
Chi-squared test and Kruskal-Wallis test were performed.
p value < a, o« = 0.05.
@ There were significant differences of smoking and alcohol consumption status between male and female participants.
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Table 1 (B)
Characteristics of the UCP2 genotypes and alleles.
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Characteristics GG (n = 257) GA (n = 426) AA(n=192) p G allele A allele P CC (n = 257) CT (n = 424) TT(m=194) p C allele T allele P
(n = 940) (n = 810) (n =938) (n=812)
Minor allele 0.463 0.464
frequency
Number of 44 (17 %) 83 (19 %) 34 (18 %) 0.714 171 (18 %) 151 (19 %) 0.808 42 (16 %) 83 (20 %) 36 (19 %) 0.572 167 (18 %) 155 (19 %) 0.489
deaths
Age 68.4 + 10.0 68.9 £9.8 69.2 £10.1 0.773 68.4 £9.9 68.9 +9.8 69.2 +£10.1 0.779
Number of 126 (49 %) 200 (47 %) 114 (59 %) 0.015 452 (51 %) 428 (49 %) 0.047 124 (48 %) 201 (47 %) 115 (59 %) 0.017 449 (51 %) 431 (49 %) 0.030
males
Steps 4661 + 2998 4835 + 3060 4583 + 3239 0.421 4649 + 2980 4878 + 3064 4508 + 3245 0.192
Teeth 17.5 £ 10.6 17.0 +£10.2 16.9 + 10.4 0.588 17.1 £ 10.9 17.5 £ 10.1 16.5 + 10.6 0.761
BMI 24.0 £3.7 24.2 + 4.0 242+ 4.3 0.997 239+35 243+ 4.1 243+ 4.3 0.889
Hypertension 145 (56%) 237 (56%) 106 (55%) 0.965 527 (56%) 449 (55%) 0.791 146 (57%) 235 (55%) 107 (55%) 0.922 527 (56%) 449 (55%) 0.709
Diabetes 50 (19%) 98 (23%) 42 (22%) 0.551 198 (21%) 182 (22%) 0.477 51 (20%) 94 (22%) 45 (23%) 0.660 196 (21%) 184 (23%) 0.372
Dyslipidemia 80 (31%) 135 (32%) 49 (26%) 0.280 295 (31%) 233 (29%) 0.234 80 (31%) 134 (32%) 50 (26%) 0.316 294 (31%) 234 (29%) 0.251
Smoking 103 (40%) 162 (38%) 86 (45%) 0.284 368 (39%) 334 (41%) 0.375 103 (40%) 161 (38%) 87 (45%) 0.270 367 (39%) 335 (41%) 0.365
Alcohol 106 (41%) 154 (36%) 83 (43%) 0.181 366 (39%) 320 (39%) 0.808 108 (42%) 150 (35%) 85 (44%) 0.075 320 (39%) 320 (39%) 0.868

UCP2, Uncoupling protein 2; Steps, daily step count; Teeth, the number of teeth; BMI, body mass index. Smoking, smoking habit; Alcohol, alcohol consumption.
n = 875. Values represent mean + SD or the number of subjects.

Chi-squared test and Kruskal-Wallis test were performed.

p value < a, o = 0.05 for genotypes. p value < a, a = 0.025 for alleles.
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Table 2

Kaplan-Meier survival analyses in different groups.

Heliyon 10 (2024) e32512

Variables All (n = 875) Males (n = 440) Females (n = 435)
Sex <0.001 NA NA
Steps <0.001 <0.001 <0.001
Teeth <0.001 <0.001 0.001
BMI 0.160 0.070 0.893
Hypertension 0.004 0.055 0.104
Diabetes 0.100 0.316 0.769
Dyslipidemia 0.762 0.599 0.932
Smoking <0.001 0.108 0.155
Alcohol <0.001 0.586 0.765
15659366 0.731 0.865 0.142
15660339 0.560 0.998 0.105
Teeth, the number of teeth; Steps, daily step count; BMI, body mass index.
Smoking, smoking habit; Alcohol, alcohol consumption.
Values represent p-values from KM analyses.
We selected variables with p-value <0.05 to include in Cox regression analyses.
1.0 [ : 1.0~ :
\.\. .\\‘_..—\’1—
g % = 0. .
g 0.8 ~— g 08 ~—
2 e 2 -
g 0.6 - g 0.6
‘T‘:‘; Sl -Steps- g 04 -Teeth-
= @ Lowest e mo-19
. 2
; 0.2 @ Others ; 0.2 | 20<
wn wn
0.0 0.0
0 50 100 150 200 0 50 100 150 200
Observation period(M) Observation period(M)
1.0 1.0 = =
0.8 R 0.8 gb\\.q“w
=] - =}
g 8
5 0.6 £ 06
g _ _ g
& rs659366- 2 -rs660339-
— 04 ® GG - 0
g GA s EBCC
£ 0.2 - £ 0.2 mcCT
= B AA = ® 1T
0.0 2 0.0

Observation period(M)

Observation period(M)

Fig. 3A. Kaplan-Meier curves of all-cause mortality for all participants. Steps, daily step count; Teeth, number of teeth; M, months.

or without adjustment for UCP2 polymorphisms. Table 5 shows that males with a lower number of teeth experienced a 1.5-fold
elevated risk of mortality compared to those with a higher number of teeth. The effects of the number of teeth also remained
consistent, with or without adjustment for UCP2 polymorphisms. In Table 6, separate analysis for females, showed independent as-
sociations between UCP2 polymorphisms and mortality. However, an association between the daily step count and the number of teeth
with mortality was not found in females. In all models shown in Tables 4-6, the interactions between UCP2 genotypes and daily step
count or number of teeth were not statistically significant. Additionally, none of the other genetic models (co-dominant, dominant, and
recessive models) changed the relationships between daily step count or number of teeth and mortality (data not shown).

Table 7 represents the results from the association study between UCP2 genotypes and hypertension, diabetes, dyslipidemia and
obesity in 1642 participants using multiple logistic regression analyses. Dyslipidemia was associated with UCP2 rs660339 TT geno-
type. No other association reached statistical significance between UCP2 genotypes and diseases.

Cox regression analyses of mortality in 1642 participants are shown in Table 8. Sex, number of teeth, BMI, and hypertension were
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Fig. 3B. Kaplan-Meier curves of all-cause mortality for males. Steps, daily step count; Teeth, number of teeth; M, months.

associated with mortality. In the male group, only the number of teeth was a risk for mortality. In the female group, UCP2 poly-
morphisms, number of teeth, BMI were associated with mortality. Step count was not included in the analyses (Table 8).

4. Discussion

The results of the present study did not demonstrate significant effects of UCP2 polymorphisms on the association between daily
step count or the number of teeth and all-cause mortality, despite previous reports indicating crucial roles of UCP2 in biological
processes and the association of its genetic polymorphisms with various health conditions [28,42,43]. This inconsistency with our
initial hypothesis might be explained by the limited influence of UCP2 polymorphisms. Additionally, the dual nature of UCP2 function
may attenuate the aggregated effects. Elevated UCP2 expression can offer benefits such as mitigating oxidative stress, metabolic
disorders, and inflammation [44-46]. However, it may also compromise cellular energy efficiency, rendering cells less proficient at
handling stressors and metabolic demands [47]. Moreover, decreased production of reactive oxygen species can attenuate immune
responses and potentially lead to energy wastage, thereby increasing susceptibility to chronic diseases and infections [21,48,49].
Another point that may have influenced the results of this study is that the quantity of UCP2 protein is not solely dictated by alleles;
however, is subjected to intricate regulation. Precise research to distinguish between UCP2 mRNA and protein expression levels,
including tissue-specific regulation, will provide clearer insights.

This study provides further evidence of the independent associations between daily step count and the number of teeth with all-
cause mortality, even after adjusting for various covariates, including UCP2 genotypes. Lower number of teeth was an obvious risk
of mortality in this study, especially in Table 8, consistent in all participants, male group, and female group. The hazard ratio for
number of teeth was higher than both BMI and hypertension. Our findings underscore the importance of maintaining an active lifestyle
and good oral health as distinct yet potent contributors to reducing mortality risk [18]. Although there are many unresearched factors
in survival analyses, the present study clearly indicates that oral health is an essential factor in the investigations of mortality risk.

It is worth noting that in female participants, UCP2 heterozygotes of both rs659366 and rs660339 polymorphisms had a higher risk
of all-cause mortality than homozygotes. Rose et al. assessed the associations between longevity and eight polymorphisms in UCP
genes in Italian participants and reported as a part of results that each dominant model for UCP2 rs660339 and UCP3 rs1800849 was
associated with longevity phenotype [50]. It remains unclear why heterozygotes are associated with a higher risk of mortality,
although the dual nature of UCP2 functions described above might be involved in this mechanism. Moreover, a previous study sug-
gested that UCP2 polymorphisms influence human leukocyte telomere length, potentially affecting cellular aging and longevity [51].
Although presumed based on these previous studies, this is the first study to demonstrate an independent association between UCP2
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Fig. 3C. Kaplan-Meier curves of all-cause mortality for females. Steps, daily step count; Teeth, number of teeth; M, month.

Table 3

Cox regression analyses of mortality in different models.

UCP2 genotypes All (n = 875) Males (n = 440) Females (n = 435)

HR (95 % CI) p value HR (95 % CI) p value HR (95 % CI) p value
15659366
GG Reference Reference Reference
GA 1.184 (0.820-1.709) 0.368 0.929 (0.600-1.438) 0.741 1.864 (0.917-3.792) 0.086
AA 0.881 (0.562-1.382) 0.581 0.838 (0.504-1.392) 0.494 0.816 (0.306-2.178) 0.685
Dominant model (GG vs GA/AA) 0.929 (0.656-1.316) 0.679 1.117 (0.745-1.675) 0.591 0.649 (0.323-1.303) 0.224
Recessive model (AA vs GG/GA) 0.793 (0.541-1.161) 0.233 0.876 (0.567-1.354) 0.551 0.525 (0.232-1.185) 0.121
Over-dominant model (GA vs GG/AA) 1.253 (0.917-1.711) 0.157 1.009 (0.693-1.467) 0.965 2.033 (1.126-3.668) 0.019
15660339
CcC Reference Reference Reference
CT 1.279 (0.880-1.858) 0.197 1.044 (0.667-1.634) 0.851 1.711 (0.858-3.413) 0.127
TT 0.954 (0.609-1.495) 0.838 0.949 (0.570-1.581) 0.840 0.766 (0.292-2.005) 0.587
Dominant model (CC vs CT/TT) 0.863 (0.606-1.228) 0.412 0.992 (0.655-1.504) 0.971 0.707 (0.360-1.390) 0.315
Recessive model (TT vs CC/CT) 0.819 (0.562-1.194) 0.299 0.924 (0.602-1.418) 0.718 0.527 (0.234-1.189) 0.123
Over-dominant model (CT vs CC/TT) 1.306 (0.954-1.788) 0.095 1.071 (0.736-1.559) 0.722 1.911 (1.067-3.425) 0.029

HR, hazard ratio.

Analyses for all participants were adjusted for age, sex, daily step count, the number of teeth, hypertension, smoking and alcohol consumption.
Analyses for males or females were adjusted for age, daily step count and the number of teeth.
The reference genotypes of rs659366: GA/AA in the dominant model, GG/GA in the recessive model, and GG/AA in the over-dominant model.
The reference genotypes of rs660339: CT/TT in the dominant model, CC/CT in the recessive model, and CC/TT in the over-dominant model.

p value < a, a = 0.05.

polymorphisms and all-cause mortality.

Previous reports have demonstrated associations between hypertension and rs659366, and between obesity and rs660339 both in
Japanese [52,53]. In this study, significant association was observed between rs660339 and dyslipidemia (Multiple logistic regression
analyses, Table 7, n = 1642). However, dyslipidemia was not significant risk in the Kaplin-Meier survival analysis (Table 2) nor in Cox
regression analyses of mortality (Table 8).
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Table 4
Cox regression analysis of mortality with and without genotypes and interaction terms for all participants (n = 875).
Variables With genotypes Without genotypes
15659366 15660339 HR (95 % CI) p value
HR (95 % CI) p value HR (95 % CI) p value
Steps 1.597 (1.131-2.254) 0.008 1.622 (1.147-2.293) 0.006 1.559 (1.107-2.198) 0.011
Teeth 1.387 (0.978-1.966) 0.067 1.391 (0.981-1.972) 0.064 1.395 (0.984-1.977) 0.062
Genotypes 1.253 (0.917-1.711) 0.157 1.306 (0.954-1.788) 0.095
Variables and 15659366 rs660339
interacti
interactions HR (95 % CI) p HR (95 % CI) p HR (95 % CI) p HR (95 % CI) p
value value value value
Steps 1.595 0.008 1.448 0.122 1.621 0.006 1.346 0.216
(1.130-2.251) (0.906-2.315) (1.146-2.293) (0.841-2.155)
Teeth 1.309 0.271 1.382 0.070 1.498 0.109 1.389 0.065
(0.811-2.115) (0.974-1.960) (0.914-2.457) (0.980-1.968)
Genotypes 1.159 0.597 1.155 0.490 1.438 0.194 1.118 0.593
(0.671-2.002) (0.768-1.736) (0.831-2.489) (0.743-1.682)
Genotypes* Steps 1.213 0.545 1.449 0.247
(0.648-2.273) (0.773-2.715)
Genotypes* Teeth 1.122 0.734 0.867 0.674
(0.578-2.179) (0.445-1.688)
Steps, daily step count; Teeth, the number of teeth; HR, hazard ratio.
HR for the lowest quartile of steps (reference: the other quartiles), and for 0-19 teeth (reference: > 20 teeth) are represented.
Over-dominant models (GA vs GG/AA for rs659366 and CT vs CC/TT for rs660339) were adopted.
The reference genotypes were GG/AA and CC/TT, respectively. HR for the GA or CT genotypes are represented.
Adjusted for age, sex, hypertension, smoking and alcohol consumption.
p value < a, o = 0.05.
Table 5
Cox regression analysis of mortality with and without genotypes and interaction terms for males (n = 440).
Variables With genotypes Without genotypes
15659366 1660339 HR (95 % CI) p value
HR (95 % CI) p value HR (95 % CI) p value
Steps 1.414 (0.937-2.134) 0.099 1.425 (0.943-2.154) 0.093 1.414 (0.937-2.132) 0.099
Teeth 1.517 (1.013-2.272) 0.043 1.151 (1.011-2.269) 0.044 1.517 (1.013-2.271) 0.043
Genotypes 1.009 (0.693-1.467) 0.965 1.071 (0.735-1.559) 0.722
Variables and 15659366 rs660339
interactions
HR (95 % CI) p HR (95 % CI) p HR (95 % CI) p HR (95 % CI) p
value value value value
Steps 1.415 0.099 1.203 0.506 1.421 0.096 1.103 0.727
(0.937-2.135) (0.697-2.077) (0.939-2.150) (0.637-1.911)
Teeth 1.522 0.120 1.503 0.048 1.804 0.036 1.510 0.045
(0.896-2.586) (1.003-2.252) (1.039-3.135) (1.009-2.261)
Genotypes 1.014 0.966 0.886 0.613 1.365 0.333 0.874 0.573
(0.537-1.912) (0.554-1.416) (0.727-2.563) (0.548-1.396)
Genotypes* Steps 1.434 0.364 1.768 3.848
(0.658-3.126) (0.813-2.004)
Genotypes* Teeth 0.992 0.984 0.687 0.347

(0.452-2.178) (0.314-1.502)

Steps, daily step count; Teeth, the number of teeth; HR, hazard ratio.
HR for the lowest quartile of steps (reference: the other quartiles), and for 0-19 teeth (reference: > 20 teeth) are represented.
Over-dominant models (GA vs GG/AA for rs659366 and CT vs CC/TT for rs660339) were adopted.

The reference genotypes were GG/AA and CC/TT, respectively. HR for the GA or CT genotypes are represented.
Adjusted for age.

p value < o, o« = 0.05.

The divergent impact of UCP2 polymorphisms on mortality risk in male and female groups can be attributed to sex-specific bio-
logical variations in immune response and metabolism, including lipid metabolism and energy balance [54], all of which are intri-
cately linked to UCP2. Moreover, sex hormones, which are pivotal in regulating the immune system, oxidative stress, and cellular
metabolism [55,56], may interact with UCP2, thereby contributing to female-specific associations.

Daily step count was significantly associated with mortality in all participants but not in the male and female groups (p > 0.05).
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Table 6
Cox regression analysis of mortality with and without genotypes and interaction terms for females (n = 435).
Variables With genotypes Without genotypes
1s659366 1s660339 HR (95 % CI) p value
HR (95 % CI) p value HR (95 % CI) p value
Steps 1.748 (0.941-3.246) 0.077 1.762 (0.948-3.327) 0.073 1.647 (0.886-3.063) 0.115
Teeth 1.193 (0.614-2.318) 0.603 1.225 (0.628-2.387) 0.552 1.185 (0.602-2.333) 0.623
Genotypes 2.033 (1.126-3.668) 0.019 1.911 (1.067-3.425) 0.029
Variables and rs659366 rs660339
interacti
interactions HR (95 % CI) p HR (95%CD) p HR (95 % CI) p HR (95 % CI) p
value value value value
Steps 0.576 0.079 3.303 0.044 1.744 0.077 2.598 0.084
(0.311-1.066) (1.030-10.591) (0.941-3.232) (0.881-7.665)
Teeth 0.833 0.747 1.180 (0.605-2.300) 0.627 0.848 0.769 1.226 0.551
(0.275-2.525) (0.283-2.546) (0.628-2.394)
Genotypes 1.384 0.572 3.581 0.021 1.280 0.670 2.707 0.051
(0.448-4.280) (1.212-10.584) (0.412-3.973) (0.997-7.345)
Genotypes* Steps 0.410 (0.110-1.532) 0.185 0.569 0.377
(0.163-1.985)
Genotypes* Teeth 1.689 0.443 1.716 0.427
(0.442-6.447) (0.452-6.514)

Steps, daily step count; Teeth, the number of teeth; HR, hazard ratio.

HR for the lowest quartile of steps (reference: the other quartiles), and for 0-19 teeth (reference: > 20 teeth) are represented.
Over-dominant models (GA vs GG/AA for rs659366 and CT vs CC/TT for rs660339) were adopted.

The reference genotypes were GG/AA and CC/TT, respectively. HR for the GA or CT genotypes are represented.

Adjusted for age.

p value < a, o = 0.05.

Table 7
Associations between UCP2 genotypes and diseases (n = 1642).
Genotypes Outcomes
Hypertension Diabetes Dyslipidemia Obesity
OR (95 % CI) p OR (95 % CI) p OR (95 % CI) p OR (95 % CI) P
UCP2 GG  Reference Reference Reference Reference
(rs659366) AG  1.055 0.673  0.846 0.301  0.934 0.633  0.980 0.877
(0.823-1.353) (0.617-1.161) (0.706-1.236) (0.762-1.261)
AA  0.925 (0.699-1.224 0.586  0.934 0.707  0.775 0.106  1.165 0.287
(0.654-1.334) (0.570-1.055) (0.880-1.543)
ucp2 CcC Reference Reference Reference Reference
(rs660339) CT 1.071 0.572  1.065 0.667 1.156 0.268  0.860 0.215
(0.845-1.357) (0.696-1.261) (0.895-1.493) (0.678-1.092)
TT 1.117 0.435  0.937 0.727  1.380 0.042  0.894 0.432
(0.846-1.476) (0.748-1.518) (1.012-1.882) (0.676-1.183)

Multiple logistic regression analyses were performed.
Adjusted for age, sex, smoking and alcohol consumption.
p value < a, o« = 0.05.

This inconsistency might be caused by the relatively small number of participants in the male and female groups compared with all
participants. Additionally, we entered a limited number of independent variables (age, daily step count, number of teeth, and ge-
notype) into the analyses of each sex group, whereas sex, hypertension, smoking, and alcohol consumption were included in the
analyses of all participants.

Since strong linkage disequilibrium exists between UCP2 rs659366 and rs660339, the association of one polymorphism with
mortality may be caused by linkage disequilibrium with the other. Similarly, significant linkage disequilibrium has been reported
between UCP2 and UCP3 polymorphisms [50,57]. UCP3 is predominantly expressed in skeletal muscles [58]. Therefore, future an-
alyses that include UCP3 polymorphisms may reveal their significant effects on the association between the daily step count and
mortality risk.

Gender-based differences were observed in lifestyle habits and health consciousness. In our study, significant differences in
smoking and alcohol consumption were observed between men and women (Tables 1A and 1B). The effects of these differences on the
results add complexity and require further research.

This study has several limitations. First, we assessed only two previously reported UCP2 polymorphisms. Broader research,
including other genetic polymorphisms, is needed to better understand their impact on mortality and their relationship with step count
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Table 8

Cox regression analyses of mortality in 1642 participants without step count as a predictor.

Variables UCP2 (rs659366) UCP2 (rs660339)

All (n = 1642) Males (n = 865) Females (n = 777) All (n = 1642) Males (n = 865) Females (n = 777)

HR p value HR p value HR p value HR p value HR p value HR p value
Sex 2.008 <0.001 - - - - 2.061 <0.001 - - - -
Age 1.071 <0.001 1.060 <0.001 1.100 <0.001 1.071 <0.001 1.060 <0.001 1.099 <0.001
GG Reference Reference Reference CcC Reference Reference Reference
GA 1.092 0.501 0.853 0.317 1.789 0.019 CT 1.193 0.203 1.064 0.712 1.719 0.027
AA 0.871 0.386 0.769 0.156 1.159 0.646 TT 1.106 0.524 1.262 0.208 1.218 0.527
Teeth 1.524 <0.001 1.464 0.010 1.658 0.039 1.529 <0.001 1.460 0.011 1.698 0.031
BMI 0.929 <0.001 0.952 0.084 0.903 <0.001 0.929 <0.001 0.951 0.083 0.902 <0.001
Hypertension 1.287 0.035 1.213 0.188 1.373 0.139 1.280 0.039 1.211 0.191 1.385 0.130
Diabetes 1.168 0.252 1.156 0.358 1.141 0.628 1.174 0.238 1.155 0.360 1.151 0.606
Dyslipidemia 1.008 0.954 1.039 0.812 0.989 0.961 1.006 0.960 1.040 0.807 0.989 0.961
Smoking 1.185 0.256 1.152 0.372 1.890 0.097 1.190 0.244 1.157 0.359 1.901 0.095
Alcohol 1.005 0.969 1.054 0.708 1.319 0.418 1.003 0.985 1.050 0.726 1.324 0.413

Teeth, the number of teeth; HR, hazard ratio. HR for 0-19 teeth (reference: > 20 teeth) are represented.
Adjusted for all variables shown in this table.

p value < a, @ = 0.05.
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and number of teeth. Second, we could not obtain valuable information, such as the relatedness of the participants, masticatory
function, periodontal status, and physical activity indicators other than step count. Third, we could not perform cause-specific mor-

tality analyses due to the limited number of participants. These limitations highlight the need for further large-scale studies to validate
and refine our understanding of the relationships among genetic variants, physical activity, oral health, and mortality.

5. Conclusion
In a hospital-based cohort study of Japanese adults, the effects of UCP2 polymorphisms on the association of daily step count and
the number of teeth with all-cause mortality were not statistically significant. UCP2 polymorphisms were significantly associated with

all-cause mortality only in the female participants. Our findings confirmed the importance of physical activity and oral health and
suggested a role of UCP2 in mortality risk independently with those factors.
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