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Abstract

:

There is little evidence for the association between fruit juice, especially 100% fruit juice, and mortality risk. In addition, whether 100% fruit juice can be a healthy alternative to whole fruit remains uncertain. This prospective study utilized the data from the US National Health and Nutrition Examination Survey (NHANES) from 1999 to 2014. After a median follow-up of 7.8 years, 4904 deaths among 40,074 participants aged 18 years or older were documented. Compared to non-consumption, daily consumption of 250 g or more of 100% fruit juice was associated with higher overall mortality (hazard ratio (HR) = 1.30, 95% confidence interval (CI): 1.11–1.52) and mortality from heart disease (HR = 1.49, 95 CI: 1.01–2.21). A similar pattern was observed for total fruit juice, with HRs of 1.28 (95% CI: 1.09–1.49) for overall mortality and 1.48 (95% CI: 1.01–2.17) for heart disease mortality. Replacing 5% of energy from whole fruit with 100% or total fruit juice was associated with a 9% (95% CI: 2–16%) and 8% (95% CI: 1–15%) increased mortality risk, respectively. Our findings suggest that both total and 100% fruit juice could be associated with high mortality risk, and need to be validated in well-designed studies given the potential misclassification of diet and death reasons.
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1. Introduction


It is well acknowledged that the consumption of whole fruit benefits health [1,2], but the evidence pertaining to the effects of fruit juice, especially 100% fruit juice, is limited and debatable [3,4,5]. Current dietary recommendations for 100% fruit juice consumption differ across countries. The dietary guidelines from the United States, United Kingdom, and France all state that the recommended daily fruit intake can be partly replaced by 100% fruit juice [6,7,8]. In contrast, Dutch and Italian guidelines keep a more prudent attitude toward 100% fruit juice due to its high content of natural sugars being similar to the sugar content of sugar-sweetened beverages (SSBs), and thus suggest minimizing consumption [9,10]. Therefore, more evidence for the health effects of fruit juice is needed. In addition, whether 100% fruit juice can be a healthy alternative to whole fruit remains to be further investigated.



However, few epidemiological studies have examined the associations between fruit juice and mortality risk, yielding an inverse [11], null [12,13], and a positive association [14]. In addition, the above-mentioned studies did not consider the non-linear association, which cannot be ruled out in the actual relation of fruit juice intake and death risk [15]. Moreover, no study, to our knowledge, has assessed the associations between replacing whole fruit with 100% or total fruit juice and mortality risk.



To fill in the knowledge gap, we aimed to prospectively investigate the associations between fruit juice consumption and the risk of overall and CVD mortality among US adults, allowing for the potential linear and non-linear relationships. Additionally, we performed a substitution analysis to evaluate the associations between isocalorically replacing whole fruit consumption with 100% or total fruit juice and death risk.




2. Materials and Methods


2.1. Study Population


The National Health and Nutrition Examination Survey (NHANES) consists of a series of continuous cross-sectional surveys of the civilian, noninstitutionalized US population since 1999, with a complex, stratified, multistage probability sampling design. It combines personal interviews with standardized physical examinations and laboratory tests administered by a specially trained staff that travels to selected survey sites to collect data on a nationally representative sample of the US population. Details of the NHANES study protocol and data collection methods have been reported elsewhere [16].



For the present study, participants of the NHANES survey cycles from 1999–2000 to 2013–2014 were included, since the mortality data of the participants were renewed until 2015. We excluded the participants who were younger than 18 years old (n = 34,735), had anomalous energy intake (<600 or >3500 kcal/day for women and <800 or >4200 kcal/day for men, n = 2100), had missing dietary data (n = 5132), or did not have linked mortality data (n = 50). Therefore, a total of 40,074 participants were included in the final analysis (Figure S1).




2.2. Dietary Assessment


After obtaining informed consent, participants were scheduled for a mobile examination center (MEC) visit. Dietary data were collected using a 24-h dietary recall administered by trained interviewers in the MEC using the Automated Multiple-Pass Method (AMPM). The AMPM is a computer-assisted multiple-pass format interview system with standardized probes, developed by the USDA to estimate current dietary intake and to minimize misreporting [17]. From 1999 to 2002, only a single 24-h dietary recall was performed. Since 2003, an additional 24-h dietary recall was conducted 3–10 days after the first recall to account for day-to-day variation.



The definition of 100% fruit juice is described in Table S1. Total fruit juice intake was defined as the sum of all kinds of fruit juice, including fruit juice added with free sugars or sweeteners (Table S2). For the participants with two 24-h dietary recalls (n = 27,580, 68.8%), the averages of the intake amounts were used, otherwise the intake amounts from the single 24-h dietary recall (n = 12,494, 31.2%) were used.




2.3. Assessment of Covariates


Information on covariates was collected through questionnaires, administrated during the household interview, that included demographic and lifestyle factors (i.e., age, sex, race/ethnicity, educational level, family income, physical activity, and smoking status). Information on body weight, height, and alcohol drinking status was obtained during the MEC visit. The body mass index (BMI) was calculated as weight (kg) divided by the square of height (m2). The income-to-poverty ratio (IPR) was used as the measure of economic status, calculated by dividing the total family income by the poverty threshold. Histories of diabetes, hypertension, other CVDs, and cancer were defined according to self-reported medical diagnoses of these diseases and use of prescribed medications due to these diseases. The participants with a fasting glucose of 126 mg/dL or greater were also defined as diabetic patients. Hypertension (a systolic blood pressure ≥140 mmHg or a diastolic blood pressure ≥90 mmHg) was also identified through physical examination in the MEC. Dyslipidemia was defined according to the methods by Huang et al. [18].




2.4. Ascertainment of Deaths


We ascertained mortality status via record linkage to the National Death Index (NDI) through 31 December 2015. In our analysis, CVD mortality was defined using the 10th revision of the International Classification of Diseases (ICD-10), including deaths from diseases of the heart (ICD-10 codes I00-I09, I11, I13, I20-I51) and cerebrovascular diseases (I60–169). The NDI has been proven to be a reliable and efficient utility for ascertainment of deaths in large epidemiological studies, and over 98% of deaths can be identified using this approach [19,20].




2.5. Statistical Analysis


Person-years were calculated from the baseline to the date of death, loss to follow-up, or 31 December 2015, whichever came first. After rounding, both 100% fruit juice and total fruit juice consumption were categorized as 0, 1–124, 125–249, and 250 or more (g/day). These cut-off values provide relatively equal sample sizes for each exposure group among fruit juice consumers in the present analysis. We used Cox proportional hazards regression models to calculate hazard ratios (HRs) and 95% confidence intervals (CIs) of death according to fruit juice consumption categories. HRs of death risk for each 100 g/day increase in fruit juice intake was also calculated. Sampling weights were used to enable the study population to better represent the entire national population. Model 1 was adjusted for sex, age, and total energy intake. Model 2 was further adjusted for race/ethnicity, education, marital status, ratio of family income to poverty, physical activity, smoking status, drinking status, body mass index, diabetes, cancer, dyslipidemia, hypertension, other CVDs (without hypertension), and the Healthy Eating Index-2015 (HEI-2015). To avoid over-adjustment, the intake component of 100% fruit juice was removed from the HEI-2015 score. Restricted cubic splines with 3 knots were used to test the potential non-linear relationship between fruit juice intake and death risk. We also investigated the association between two specific 100% fruit juices (i.e., orange juice and citrus juice) and mortality risk. Due to relatively low intake levels, we only reported HRs and 95% CIs for each 100 g/day increase in the individual 100% fruit juice.



The substitution analysis was performed to evaluate whether replacement of whole fruit with fruit juice is beneficial or deleterious for health. We used the leave-one-out model [21] to investigate the associations between the isocaloric replacement of 5% of energy from whole fruit with the equivalent energy from total or 100% fruit juice and mortality risk.



A subgroup analysis was conducted by age, sex, race/ethnicity, education level, IPR, marital status, smoking status, alcohol drinking status, physical activity level, BMI, and history of diabetes. We used the Wald test to examine whether the interaction (i.e., cross-product terms) between these variables and exposures were statistically significant. In a sensitivity analysis, we repeated the analysis by excluding individuals with only a single 24-h dietary recall interview. To reduce the reverse causation, we also repeated the analysis by excluding deaths that occurred within 3 years after the first dietary recall. Considering that participants may change their dietary habits due to their health conditions, we performed an analysis on participants who did not have a history of diabetes, cancer, or major CVDs (i.e., congestive heart failure, angina pectoris, coronary heart disease, heart attack, and stroke) at the baseline. All p-values are 2-sided at a type I error rate of 0.05. All statistical tests were performed using SAS version 9.4 (SAS Institute Inc, Cary, NC, USA).





3. Results


3.1. Baseline Characteristics


After following 40,074 participants (mean age, 47.3 years; SD, 19.4 years) for 325,905 person-years (median follow-up time, 7.8 years), 4904 deaths, including 1029 CVD-specific deaths, were documented. Among participants who reported consuming 100% or total fruit juice, their median intake levels of 100% or total fruit juice were 182 (interquartile range (IQR): 101–299) g/day and 186 (IQR: 108–311) g/day, respectively. Participants consuming more 100% fruit juice were less likely to be non-Hispanic white, had a higher energy intake, adhered to the HEI-2015 (without the intake component of fruit juice), and were more physically active (Table 1).




3.2. Association between Fruit Juice Consumption and Mortality


In general, higher consumption of 100% and total fruit juice was associated with increased risk of all-cause mortality and heart disease-specific mortality, but not with cerebrovascular disease-specific mortality (Table 2). In the fully adjusted model, the HR of overall mortality was 1.30 (95% CI: 1.11–1.52, ptrend < 0.001) for those who consumed 250 g/day or more of 100% fruit juice, compared with non-consumers. Each 100 g/day increase in 100% fruit juice consumption was associated with a 6% (95% CI: 3–9%) increased risk of all-cause mortality. We found a significant association between 100% fruit juice and heart disease-specific mortality (HR = 1.49, 95% CI: 1.01–2.21, ptrend = 0.026), but not with cerebrovascular disease-specific mortality (HR = 0.89, 95% CI: 0.30–2.62, ptrend = 0.518).



When assessing the specific 100% fruit juice, each 100 g/day increase in orange juice and citrus juice generally showed a positive association with mortality risk, with HRs of 1.07 (95% CI: 1.02–1.11) and 1.07 (95% CI: 1.02–1.11) for total mortality (Table S3).



When assessing total fruit juice, the HRs (comparing daily consumption of 250 g or more of total fruit juice with no consumption) were 1.28 (95% CI: 1.09–1.49, ptrend < 0.001) for overall mortality, 1.48 (95% CI: 1.01–2.17, ptrend = 0.023) for heart disease-specific mortality, and 0.83 (95% CI: 0.28–2.42, ptrend = 0.399) for cerebrovascular disease-specific mortality.



A restricted multivariable cubic spline analysis did not support a non-linear association between 100% or total fruit juice intake and mortality risk (Figure 1), as all p-values for non-linearity were greater than 0.05.




3.3. Substitution Analysis


In isocalorical models (Table 3), the replacement of 5% of energy intake from whole fruit with an equivalent energy intake from 100% fruit juice was associated with an increased risk of overall mortality (HR = 1.09, 95% CI:1.02–1.16), but not with CVD mortality (HR = 1.00, 95% CI:0.88–1.15). Similarly, the substitution of total fruit juice for whole fruit was associated with an 8% (95% CI:1–15%) elevated risk of all-cause mortality, but not with CVD mortality risk.




3.4. Secondary Analysis


In the subgroup analysis, we did not find any significant differential association between fruit juice intake and risk of overall mortality (Figure 2) according to age, sex, race/ethnicity, education level, IPR, marital status, smoking, alcohol drinking, physical activity, BMI, or diabetes (all p-values for interactions were greater than 0.05).



In the sensitivity analysis, after excluding individuals who received only one dietary interview (n = 12,494, 31.2%), individuals who passed away within 3 years after the first dietary recall (n = 1308, 3.3%), or individuals who had a history of diabetes, cancer, or CVD at the baseline (n = 6716, 16.8%), the results were not essentially changed (Table S4).





4. Discussion


In this prospective study of 40,074 nationally representative US adults, both 100% and total fruit juice consumption could be associated with a higher risk of overall mortality and mortality from heart diseases. In addition, substituting 100% or total fruit juice for whole fruit might be associated with increased mortality risk. These findings add novel evidence to the ongoing debate on the potential long-term health effects of 100% fruit juice, suggesting more caution when considering 100% fruit juice as the alternative to whole fruit in daily food selection.



Previous studies of fruit juice and all-cause mortality are limited and have yielded inconsistent results [11,12,13,14]. A prospective cohort study utilizing the data of 198,285 UK Biobank participants (aged 40–69 years) demonstrated an apparent inverse dose–response relationship of fruit or vegetable juice with all-cause mortality [11], whereas the association did not persist after additional adjustment for a diet quality score. However, in the present study, we did not observe such inverse associations in the model without adjustment for HEI-2015. The discrepancies could be possibly due to the inclusion of vegetable juice in the UK Biobank study. In another prospective study of 52,584 Chinese participants (aged 45–74 years), a null association was found between the intake frequency of fruit or vegetable juice and all-cause or specific-cause mortality [13]. A different quantitation method of juice consumption could partly explain the discrepancies. In accordance with our results, a US cohort study of 13,440 participants aged 45 years or older (mean age: 63.6 years), the Reasons for Geographic and Racial Differences in Stroke (REGARDS) Study, reported a 24% (9–42%) increased risk of total mortality for each additional 12 oz of 100% fruit juice consumption [14]. Our findings extend the associations between 100% fruit juice consumption and enhanced all-cause and heart disease-specific mortality risk in a nationally representative sample of US adults aged 18 years and older.



Similarly, epidemiological evidence regarding the associations of 100% fruit juice consumption and CVD mortality or incidence remains controversial [12,14,22,23,24,25]. Consistent with our results, most studies showed a non-significant association between fruit juice and CVD mortality, including results of the REGARDS cohort [14], the Nurses’ Health Study and the Health Professionals Follow-up Study [22], and the Singapore Chinese Health Study [13], though in the Singapore Chinese Health Study 100% fruit juice was not distinguished from total fruit juice. In a recent meta-analysis of 21 prospective studies and 35 randomized controlled trials, higher consumption of 100% fruit juice is not associated with cardiovascular risk (e.g., blood pressure, lipid profile, glucose homeostasis), whereas low to moderate intake of 100% fruit juice was inversely associated with the risk of incident stroke and total CVDs [24]. In addition, studies have shown a non-linear relationship between 100% fruit juice and CVD incidence, revealing a protective effect at moderate doses (~80 mL/day [24] or less than 150 mL/day [15]) but indicating harm at higher doses [15]. However, in the present study, our results did not support a non-linear association between 100% fruit juice intake and all-cause or CVD-specific mortality. The conflicting results can be partly explained by different dietary assessment methods, different confounders adjusted for in these studies, and different dietary habits among diverse populations. More prospective studies with larger sample sizes are still needed to explore the dose–response relationship between 100% fruit juice consumption and mortality risk.



The conflicting results are reflected in the inconsistencies among different dietary guidelines about the recommendations for the proper status of 100% fruit juice. The major contradiction lies on whether 100% fruit juice can be considered as an acceptable alternative to whole fruit. All international guidelines recommend consuming enough fruit [26,27], but only a small minority of the population consumes the recommended amount of fruit and vegetables due to factors related to practicalities, convenience, and the effort required [28,29]. Fruit juice is convenient, easily transportable, and requires no preparation, offering a solution to many of these problems. Hence, 100% fruit juice counts as a part of the recommended fruit per day in some countries [7,8,29]. The dietary guidelines from the UK state that 100% fruit juice can contribute one portion to the daily fruit portion size of 150 mL [7]. The French guidelines also suggest that fruit juice can count as one portion of fruit and vegetables per day, but the consumption should be limited to less than one glass/day [8]. The Dietary Guidelines for Americans (GDA) 2020–2025 states that less than half of the recommended daily fruit intake can be replaced by 100% fruit juice, but daily intake of 100% fruit juice should be restricted due to the lower dietary fiber content when compared to whole fruit [6]. Other dietary guidelines have claimed that fruit juice is little more than a source of sugar and have proposed that fruit juice should not be included in daily fruit consumption [30,31]. The Dutch guidelines classify fruit juice as SSBs; thus, they suggest minimizing the consumption [9]. The Italian guidelines also consider fruit juice as unnecessary consumption [10]. The World Health Organization (WHO) recommends reducing the intake of free sugars, including both added sugars and sugars naturally present in fruit juice, to less than 10% (and, ideally, less than 5%) of the total daily energy intake [32]. The method of substitution analysis enables us to address such contradictions. According to our results from the substitution analysis, replacing a part of daily whole fruit consumption with 100% fruit juice is possibly not a healthy choice. Our findings support the recommendations to limit the intake of fruit juice, including 100% fruit juice. Still, more further studies are needed to confirm our findings.



There are several plausible biological mechanisms to explain the elevated mortality risk that comes with higher 100% fruit juice consumption. Firstly, 100% fruit juice usually contains a similar amount of sugar as SSBs, and end up with similar energy densities [15]. Compared with whole fruit, fruit juice provides much less satiety, leading to passive energy hyperconsumption and weight gain [33]. Therefore, the effect of overweight and obesity onset could partly explain these associations. However, in this study, BMI and energy intake were adjusted for our full model, and stratification by baseline BMI status presented similar results. Moreover, 100% fruit juice presented a similar pattern to that of total fruit juice in the associations with death risk. It seems that it is the sugar itself in the fruit juice, which is mostly fructose, rather than excess energy intake that possibly cause the adverse health effect. It has been suggested that fructose might enhance lipogenesis, worsen blood lipids, and promote visceral adiposity independently of body weight [34,35,36,37], causing a long-term all-cause death risk. In addition, the high glycemic index or glycemic load of fruit juice consumption is reported to be related to a higher systemic inflammation, which is a risk factor for many chronic diseases [38]. Apart from the rich liquid fructose, fruit juice contains much less fiber than whole fruit; this can also be related to the hazardous effect of replacing whole fruit with 100% fruit juice. A dietary crossover study demonstrated that intake of both whole apples and cloudy apple juice can reduce serum LDL concentration, but clear apple juice increased serum LDL concentration, revealing the necessary role of the fiber component in the cholesterol-lowering effect of fruit [39]. These findings also give a hint that distinguishing cloudy juice from clear juice in further studies will help to better access the intrinsic effects of different types of juice. Although the nutrients appear as the main driver of the association, other chemical compounds, such as pesticides or additives in the bottled fruit juice products, might also be causal factors [40,41].



This study has several strengths, including the use of a nationally representative sample of US adults, large sample size, and a prospective cohort design. There are also several limitations. First, the dietary information was collected by the 24-h dietary recall, which can cause misclassification of sugar-sweetened juice as 100% fruit juice, although such misclassification is also inevitable in other dietary assessment methods such as the food frequency questionnaire and dietary record [42]. Second, dietary information was collected based on the baseline measurement, but the participants may change their dietary habits during the follow-up. Third, although we have adjusted for a wide range of risk factors, the possibility of residual confounding variables, such as individuals’ gene variants and metabolic status, cannot be totally ruled out. Fourth, despite a nationally representative sample in the study, our findings might not be generalizable to other populations (e.g., Asian populations). Therefore, studies in diverse populations are warranted to refute or replicate our results.




5. Conclusions


Our study found that consumption of 100% or total fruit juice could be associated with a higher risk of mortality, and substituting 100% or total fruit juice for whole fruit might be associated with an increased death risk. However, these results should be interpreted with caution, given the single measurement of diet using 24-h recalls and the death ascertainment using the NDI, which may lead to misclassifications of fruit juices and death reasons. Further studies with a larger sample size, careful consideration of fruit juice type (clear or cloudy), and other possible confounders are warranted to confirm our findings and to shape evidence-based dietary guidelines.








Supplementary Materials


The following are available online at https://www.mdpi.com/article/10.3390/nu14102127/s1, Figure S1: Flow chart of selection of participants in this analysis; Table S1: Food codes of 100% fruit juice in NHANES (1999–2014); Table S2: Food codes of total fruit juice in NHANES (1999–2014); Table S3: HRs (95% CIs) for mortality risk according to each 100 g/day increase in intake of 100% orange juice and 100% citrus juice in NHANES (1999–2014); Table S4: Sensitivity analyses on association between consumption of fruit juice with the risk of all-cause mortality in NHANES (1999–2014).





Author Contributions


Conceptualization, Z.Z. and W.Y.; methodology, Z.Z. and W.Y.; software, Y.Z. and X.L.; validation, X.Z., M.L. and T.Z.; formal analysis, Z.Z., X.Z. and M.L.; resources, Z.Z. and W.Y.; data curation, Z.Z., X.Z. and M.L.; writing—original draft preparation, Z.Z.; writing—review and editing, Z.Z. and W.Y.; visualization, H.L., H.Y. and Y.H.; supervision, W.Y.; project administration, W.Y.; funding acquisition, Z.Z. and W.Y. All authors have read and agreed to the published version of the manuscript.




Funding


This work was supported by the National Natural Science Foundation of China (82073651 and 82103796), Anhui Provincial Natural Science Foundation (2008085MH262 and 2108085QH357), Anhui Provincial Education Department (gxyqZD2021099), and grants from Anhui Medical University (XJ201935, 2020xkj010 and 2021xkjT007). The funding agency had no role in study design, data collection and analysis, decision to publish, or preparation of the manuscript.




Institutional Review Board Statement


Ethics approval was accepted by the institutional review board of the NCHS, Protocol #98-12 (NHANES 1999-2004), Protocol #2005-06 (NHANES 2005-2010), and Protocol #2011-17 (NHANES 2011-2014). And the study design was confirmed in accordance with the Helsinki Declaration.




Informed Consent Statement


All participants provided informed consent before enrollment.




Data Availability Statement


Data described in the manuscript, code book, and analytic code will be made publicly and freely available without restriction (Available online: https://www.cdc.gov/nchs/nhanes/index.htm, accessed on 5 September 2021).




Acknowledgments


This study uses data from the NHANES. We thank the NCHS and the US Centers for Disease Control and Prevention (CDC) for their financial support for data collection and analysis. We also thank the study participants and staff.




Conflicts of Interest


The authors declare no conflict of interest.




References


	



Dreher, M.L. Whole Fruits and Fruit Fiber Emerging Health Effects. Nutrients 2018, 10, 1833. [Google Scholar] [CrossRef] [PubMed]

	



Wallace, T.C.; Bailey, R.L.; Blumberg, J.B.; Burton-Freeman, B.; Chen, C.O.; Crowe-White, K.M.; Drewnowski, A.; Hooshmand, S.; Johnson, E.; Lewis, R.; et al. Fruits, vegetables, and health: A comprehensive narrative, umbrella review of the science and recommendations for enhanced public policy to improve intake. Crit. Rev. Food Sci. Nutr. 2020, 60, 2174–2211. [Google Scholar] [CrossRef] [PubMed]

	



Ruxton, C.H.S.; Myers, M. Fruit Juices: Are They Helpful or Harmful? An Evidence Review. Nutrients 2021, 13, 1815. [Google Scholar] [CrossRef] [PubMed]

	



Pepin, A.; Stanhope, K.L.; Imbeault, P. Are Fruit Juices Healthier than Sugar-Sweetened Beverages? A Review. Nutrients 2019, 11, 1006. [Google Scholar] [CrossRef] [PubMed]

	



Auerbach, B.J.; Dibey, S.; Vallila-Buchman, P.; Kratz, M.; Krieger, J. Review of 100% Fruit Juice and Chronic Health Conditions: Implications for Sugar-Sweetened Beverage Policy. Adv. Nutr. 2018, 9, 78–85. [Google Scholar] [CrossRef] [PubMed]

	



U.S. Department of Agriculture and U.S. Department of Health and Human Services. Dietary Guidelines for Americans, 2020–2025. 9th Ed. December 2020. Available online: https://www.dietaryguidelines.gov/ (accessed on 24 December 2021).

	



Nutrition Science Team, Public Health England. The Eatwell Guide. Available online: https://www.gov.uk/government/publications/the-eatwell-guide (accessed on 24 December 2021).

	



Health, High Council for Public Health. Statement Related to the Update of the French Nutrition and Health Programme’s Dietary Guidelines for Adults for the Period 2017–2021. Available online: https://www.hcsp.fr/Explore.cgi/Telecharger?NomFichier=hcspa20170216_reperesalimentairesactua2017_en.pdf (accessed on 24 December 2021).

	



Kromhout, D.; Spaaij, C.J.; de Goede, J.; Weggemans, R.M. The 2015 Dutch food-based dietary guidelines. Eur. J. Clin. Nutr. 2016, 70, 869–878. [Google Scholar] [CrossRef]

	



Umana—SINU, Società Italiana di Nutrizione Umana. IV Revisione dei Livelli di Assunzione di Riferimento di Nutrienti ed energia per la Popolazione Italiana (LARN). Available online: https://sinu.it/tabelle-larn-2014/ (accessed on 24 December 2021).

	



Anderson, J.J.; Gray, S.R.; Welsh, P.; Mackay, D.F.; Celis-Morales, C.A.; Lyall, D.M.; Forbes, J.; Sattar, N.; Gill, J.M.R.; Pell, J.P. The associations of sugar-sweetened, artificially sweetened and naturally sweet juices with all-cause mortality in 198,285 UK Biobank participants: A prospective cohort study. BMC Med. 2020, 18, 97. [Google Scholar] [CrossRef]

	



Pan, B.; Ge, L.; Lai, H.; Wang, Q.; Wang, Q.; Zhang, Q.; Yin, M.; Li, S.; Tian, J.; Yang, K.; et al. Association of soft drink and 100% fruit juice consumption with all-cause mortality, cardiovascular diseases mortality, and cancer mortality: A systematic review and dose-response meta-analysis of prospective cohort studies. Crit. Rev. Food Sci. Nutr. 2021, 1–12. [Google Scholar] [CrossRef]

	



Odegaard, A.O.; Koh, W.P.; Yuan, J.M.; Pereira, M.A. Beverage habits and mortality in Chinese adults. J. Nutr. 2015, 145, 595–604. [Google Scholar] [CrossRef]

	



Collin, L.J.; Judd, S.; Safford, M.; Vaccarino, V.; Welsh, J.A. Association of Sugary Beverage Consumption with Mortality Risk in US Adults: A Secondary Analysis of Data from the REGARDS Study. JAMA Netw. Open 2019, 2, e193121. [Google Scholar] [CrossRef]

	



Khan, T.A.; Chiavaroli, L.; Zurbau, A.; Sievenpiper, J.L. A lack of consideration of a dose-response relationship can lead to erroneous conclusions regarding 100% fruit juice and the risk of cardiometabolic disease. Eur. J. Clin. Nutr. 2019, 73, 1556–1560. [Google Scholar] [CrossRef] [PubMed]

	



(CDC), Centers for Disease Control and Prevention. About the National Health and Nutrition Examination Survey. Available online: https://www.cdc.gov/nchs/nhanes/about_nhanes.htm (accessed on 24 December 2021).

	



Raper, N.; Perloff, B.; Ingwersen, L.; Steinfeldt, L.; Anand, J. An overview of USDA’s dietary intake data system. J. Food Compos. Anal. 2004, 17, 545–555. [Google Scholar] [CrossRef]

	



Huang, Y.Q.; Shen, G.; Lo, K.; Huang, J.Y.; Liu, L.; Chen, C.L.; Yu, Y.L.; Sun, S.; Zhang, B.; Feng, Y.Q. Association of circulating selenium concentration with dyslipidemia: Results from the NHANES. J. Trace Elem. Med. Biol. 2020, 58, 126438. [Google Scholar] [CrossRef] [PubMed]

	



Stampfer, M.J.; Willett, W.C.; Speizer, F.E.; Dysert, D.C.; Lipnick, R.; Rosner, B.; Hennekens, C.H. Test of the National Death Index. Am. J. Epidemiol. 1984, 119, 837–839. [Google Scholar] [CrossRef] [PubMed]

	



Rich-Edwards, J.W.; Corsano, K.A.; Stampfer, M.J. Test of the National Death Index and Equifax Nationwide Death Search. Am. J. Epidemiol. 1994, 140, 1016–1019. [Google Scholar] [CrossRef]

	



Song, M.; Giovannucci, E. Substitution analysis in nutritional epidemiology: Proceed with caution. Eur. J. Epidemiol. 2018, 33, 137–140. [Google Scholar] [CrossRef]

	



Wang, D.D.; Li, Y.; Bhupathiraju, S.N.; Rosner, B.A.; Sun, Q.; Giovannucci, E.L.; Rimm, E.B.; Manson, J.E.; Willett, W.C.; Stampfer, M.J.; et al. Fruit and Vegetable Intake and Mortality: Results from 2 Prospective Cohort Studies of US Men and Women and a Meta-Analysis of 26 Cohort Studies. Circulation 2021, 143, 1642–1654. [Google Scholar] [CrossRef]

	



Scheffers, F.R.; Boer, J.M.A.; Verschuren, W.M.M.; Verheus, M.; van der Schouw, Y.T.; Sluijs, I.; Smit, H.A.; Wijga, A.H. Pure fruit juice and fruit consumption and the risk of CVD: The European Prospective Investigation into Cancer and Nutrition-Netherlands (EPIC-NL) study. Br. J. Nutr. 2019, 121, 351–359. [Google Scholar] [CrossRef]

	



D’Elia, L.; Dinu, M.; Sofi, F.; Volpe, M.; Strazzullo, P.; Sinu Working Group, Endorsed by SIPREC. 100% Fruit juice intake and cardiovascular risk: A systematic review and meta-analysis of prospective and randomised controlled studies. Eur. J. Nutr. 2021, 60, 2449–2467. [Google Scholar] [CrossRef]

	



Zurbau, A.; Au-Yeung, F.; Mejia, S.B.; Khan, T.A.; Vuksan, V.; Jovanovski, E.; Leiter, L.A.; Kendall, C.W.C.; Jenkins, D.J.A.; Sievenpiper, J.L. Relation of Different Fruit and Vegetable Sources with Incident Cardiovascular Outcomes: A Systematic Review and Meta-Analysis of Prospective Cohort Studies. J. Am. Heart Assoc. 2020, 9, e017728. [Google Scholar] [CrossRef]

	



Whelton, P.K.; Carey, R.M.; Aronow, W.S.; Casey, D.E., Jr.; Collins, K.J.; Himmelfarb, C.D.; DePalma, S.M.; Gidding, S.; Jamerson, K.A.; Jones, D.W.; et al. 2017 ACC/AHA/AAPA/ABC/ACPM/AGS/APhA/ASH/ASPC/NMA/PCNA Guideline for the Prevention, Detection, Evaluation, and Management of High Blood Pressure in Adults: A Report of the American College of Cardiology/American Heart Association Task Force on Clinical Practice Guidelines. Hypertension 2018, 71, e13–e115. [Google Scholar] [CrossRef] [PubMed]

	



Williams, B.; Mancia, G.; Spiering, W.; Rosei, E.A.; Azizi, M.; Burnier, M.; Clement, D.L.; Coca, A.; de Simone, G.; Dominiczak, A.; et al. 2018 ESC/ESH Guidelines for the management of arterial hypertension: The Task Force for the management of arterial hypertension of the European Society of Cardiology and the European Society of Hypertension: The Task Force for the management of arterial hypertension of the European Society of Cardiology and the European Society of Hypertension. J. Hypertens 2018, 36, 1953–2041. [Google Scholar] [CrossRef] [PubMed]

	



Li, Y.; Zhang, D.; Pagan, J.A. Social Norms and the Consumption of Fruits and Vegetables across New York City Neighborhoods. J. Urban Health 2016, 93, 244–255. [Google Scholar] [CrossRef] [PubMed]

	



Benton, D.; Young, H.A. Role of fruit juice in achieving the 5-a-day recommendation for fruit and vegetable intake. Nutr. Rev. 2019, 77, 829–843. [Google Scholar] [CrossRef] [PubMed]

	



Lustig, R. Fat Chance: The Bitter Truth about Sugar; HarperCollins UK: Glasgow, UK, 2012. [Google Scholar]

	



Gillespie, D. Sweet Poison; Penguin UK: London, UK, 2008. [Google Scholar]

	



World Health Organization. Healthy Diet. Available online: https://www.who.int/initiatives/behealthy/healthy-diet (accessed on 24 December 2021).

	



Pan, A.; Hu, F.B. Effects of carbohydrates on satiety: Differences between liquid and solid food. Curr. Opin. Clin. Nutr. Metab. Care 2011, 14, 385–390. [Google Scholar] [CrossRef]

	



Stanhope, K.L.; Schwarz, J.M.; Keim, N.L.; Griffen, S.C.; Bremer, A.A.; Graham, J.L.; Hatcher, B.; Cox, C.L.; Dyachenko, A.; Zhang, W.; et al. Consuming fructose-sweetened, not glucose-sweetened, beverages increases visceral adiposity and lipids and decreases insulin sensitivity in overweight/obese humans. J. Clin. Investig. 2009, 119, 1322–1334. [Google Scholar] [CrossRef]

	



Ma, J.; McKeown, N.M.; Hwang, S.J.; Hoffmann, U.; Jacques, P.F.; Fox, C.S. Sugar-Sweetened Beverage Consumption Is Associated with Change of Visceral Adipose Tissue Over 6 Years of Follow-Up. Circulation 2016, 133, 370–377. [Google Scholar] [CrossRef]

	



Chazelas, E.; Srour, B.; Desmetz, E.; Kesse-Guyot, E.; Julia, C.; Deschamps, V.; Druesne-Pecollo, N.; Galan, P.; Hercberg, S.; Latino-Martel, P.; et al. Sugary drink consumption and risk of cancer: Results from NutriNet-Sante prospective cohort. BMJ 2019, 366, l2408. [Google Scholar] [CrossRef]

	



Bray, G.A. Energy and fructose from beverages sweetened with sugar or high-fructose corn syrup pose a health risk for some people. Adv. Nutr. 2013, 4, 220–225. [Google Scholar] [CrossRef]

	



Liu, S.; Manson, J.E.; Buring, J.E.; Stampfer, M.J.; Willett, W.C.; Ridker, P.M. Relation between a diet with a high glycemic load and plasma concentrations of high-sensitivity C-reactive protein in middle-aged women. Am. J. Clin. Nutr. 2002, 75, 492–498. [Google Scholar] [CrossRef]

	



Ravn-Haren, G.; Dragsted, L.O.; Buch-Andersen, T.; Jensen, E.N.; Jensen, R.I.; Nemeth-Balogh, M.; Paulovicsova, B.; Bergstrom, A.; Wilcks, A.; Licht, T.R.; et al. Intake of whole apples or clear apple juice has contrasting effects on plasma lipids in healthy volunteers. Eur. J. Nutr. 2013, 52, 1875–1889. [Google Scholar] [CrossRef] [PubMed]

	



Nardin, T.; Barnaba, C.; Abballe, F.; Trenti, G.; Malacarne, M.; Larcher, R. Fast analysis of quaternary ammonium pesticides in food and beverages using cation-exchange chromatography coupled with isotope-dilution high-resolution mass spectrometry. J. Sep. Sci. 2017, 40, 3928–3937. [Google Scholar] [CrossRef] [PubMed]

	



Albero, B.; Sanchez-Brunete, C.; Tadeo, J.L. Determination of organophosphorus pesticides in fruit juices by matrix solid-phase dispersion and gas chromatography. J. Agric. Food Chem. 2003, 51, 6915–6921. [Google Scholar] [CrossRef] [PubMed]

	



Makarem, N.; Bandera, E.V.; Lin, Y.; Jacques, P.F.; Hayes, R.B.; Parekh, N. Consumption of Sugars, Sugary Foods, and Sugary Beverages in Relation to Adiposity-Related Cancer Risk in the Framingham Offspring Cohort (1991–2013). Cancer Prev. Res. 2018, 11, 347–358. [Google Scholar] [CrossRef]








[image: Nutrients 14 02127 g001 550] 





Figure 1. Associations between fruit juice and overall mortality in NHANES (1999–2014). HRs—hazard ratios; NHANES—National Health and Nutrition Examination Survey. Covariates adjusted in the models were the same as those in Model 2 in Table 2 (see Table 2 footnote). 
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Figure 2. Subgroup analysis on the association between fruit juice (per 100 g/day increase) and all-cause mortality in NHANES (1999–2014) BMI—body mass index; CIs—confidence intervals; HRs—hazard ratios; METS—metabolic equivalent tasks; NHANES—National Health and Nutrition Examination Survey. Covariates adjusted in the models were the same as those in Model 2 in Table 2 (see Table 2 footnote). Of note, variables examined in this figure were not adjusted. Light physical activity was defined as participants with physical activity less than 8.3 METS-h per week, and moderate and vigorous activity was defined as participants who had physical activity of 8.3 METS-h per week or more. 
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Table 1. Age-adjusted characteristics of participants according to 100% fruit juice consumption in NHANES (1999–2014) a.
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Characteristic

	
100% Fruit Juice (g/day)




	
0

	
1 to 124

	
125 to 249

	
≥250






	
No. of participants

	
27,032

	
4782

	
4156

	
4104




	
Age, years

	
46.7 (18.9)

	
51.5 (19.4)

	
50.7 (20.9)

	
43.4 (19.7)




	
Female, %

	
51.5

	
61.0

	
54.3

	
46.1




	
BMI, kg/m2

	
28.7 (6.8)

	
28.4 (6.5)

	
28.3 (6.5)

	
28.3 (6.5)




	
Race/ethnicity, %

	

	

	

	




	
Non-Hispanic white

	
48.1

	
41.9

	
44.1

	
38.3




	
Non-Hispanic black

	
19.9

	
19.8

	
23.5

	
26.1




	
Hispanic

	
6.7

	
8.8

	
8.5

	
8.8




	
Other

	
25.4

	
29.5

	
23.9

	
26.8




	
Education, %

	

	

	

	




	
≤12th grade

	
30.1

	
26.0

	
25.1

	
29.7




	
High school graduate/GED or equivalent

	
24.7

	
21.9

	
22.9

	
21.6




	
More than high school

	
45.1

	
52.0

	
52.0

	
48.6




	
Ratio of family income to poverty

	

	

	

	




	
<1.3

	
29.8

	
27.2

	
27.4

	
30.0




	
1.3 to 3.5

	
34.6

	
34.6

	
33.6

	
33.4




	
≥3.5

	
27.8

	
30.1

	
30.5

	
28.5




	
Marital status, %

	

	

	

	




	
Married

	
26.3

	
23.3

	
26.1

	
28.2




	
Widowed/divorced/separated

	
52.3

	
55.6

	
53.1

	
50.3




	
Never married

	
17.6

	
17.6

	
16.9

	
17.4




	
Smoking, %

	

	

	

	




	
Never smoking

	
47.7

	
58.1

	
55.4

	
53.8




	
Former smoking

	
24.1

	
22.1

	
24.1

	
21.6




	
Current smoking

	
21.6

	
14.3

	
14.0

	
15.7




	
Drinking, %

	

	

	

	




	
Never drinking

	
26.0

	
28.7

	
28.0

	
27.4




	
Low to moderate drinking

	
26.3

	
27.7

	
27.4

	
25.3




	
Heavy drinking

	
36.4

	
33.1

	
33.7

	
33.2




	
Physical activity, METS-h/week

	

	

	

	




	
<8.3

	
41.2

	
40.7

	
39.4

	
38.3




	
8.3–16.7

	
12.3

	
12.6

	
12.1

	
11.7




	
>16.7

	
46.2

	
46.4

	
48.3

	
49.6




	
Total energy, kcal/d

	
1975 (734)

	
1955 (695)

	
2049 (712)

	
2237 (737)




	
History of diseases, %

	

	

	

	




	
Diabetes

	
13.2

	
12.0

	
10.0

	
10.1




	
Other CVDs (without hypertension)

	
10.4

	
9.2

	
10.6

	
10.0




	
Cancer

	
8.4

	
9.1

	
9.4

	
7.6




	
Hypertension

	
35.7

	
35.2

	
35.8

	
33.3




	
Dyslipidemia

	
56.5

	
54.0

	
54.1

	
57.1




	
HEI-2015 (without fruit juice component)

	
48.7 (11.9)

	
52.2 (11.9)

	
52.6 (11.5)

	
53.6 (11.1)








BMI—body mass index; CIs—confidence intervals; CVD—cardiovascular diseases; GED—general educational development; HEI-2015—Healthy Eating Index-2015; METS—metabolic equivalent tasks; NHANES—National Health and Nutrition Examination Survey; SD—standard deviation. Of note, the intake component of fruit juice was removed from the HEI-2015; a variables were adjusted for age. Continuous variables were expressed as mean (SD) if normally distributed. Categorical variables were expressed as proportion (%). Values of polytomous variables may not sum to 100% due to missing values or rounding.
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Table 2. HRs (95% CIs) for mortality risk according to fruit juice consumption (g/day) in NHANES (1999–2014).
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Fruit Juice Consumption

	
HR (95% CI)

	
Ptrendc




	
(g/day)

	
0

	
1 to 124

	
125 to 249

	
≥250

	
Per 100 g/day Increase






	
100% fruit juice

	

	

	

	

	

	




	
All-cause mortality

	

	

	

	

	

	




	
No. of deaths/person-years

	
3180/222,833

	
630/34,656

	
649/32,387

	
445/36,029

	

	




	
Model 1 a

	
1 (Reference)

	
1.01 (0.89–1.16)

	
1.06 (0.92–1.22)

	
1.13 (0.94–1.35)

	
1.04 (0.99–1.08)

	
0.109




	
Model 2 b

	
1 (Reference)

	
1.15 (1.00–1.31)

	
1.17 (0.99–1.38)

	
1.30 (1.11–1.52)

	
1.07 (1.04–1.10)

	
<0.001




	
CVD mortality

	

	

	

	

	

	




	
No. of deaths/person-years

	
677/222,833

	
117/34,656

	
147/32,387

	
88/36,029

	

	




	
Model 1 a

	
1 (Reference)

	
0.74 (0.55–0.99)

	
0.91 (0.69–1.21)

	
1.13 (0.73–1.74)

	
1.03 (0.92–1.15)

	
0.633




	
Model 2 b

	
1 (Reference)

	
0.87 (0.65–1.15)

	
1.04 (0.74–1.45)

	
1.38 (0.93–2.06)

	
1.07 (0.99–1.16)

	
0.093




	
Heart disease mortality

	

	

	

	

	

	




	
No. of deaths/person-years

	
557/222,833

	
94/34,656

	
124/32,387

	
71/36,029

	

	




	
Model 1 a

	
1 (Reference)

	
0.75 (0.55–1.02)

	
0.94 (0.70–1.26)

	
1.20 (0.77–1.88)

	
1.05 (0.93–1.18)

	
0.471




	
Model 2 b

	
1 (Reference)

	
0.88 (0.65–1.20)

	
1.07 (0.76–1.51)

	
1.49 (1.01–2.21)

	
1.09 (1.01–1.18)

	
0.026




	
Cerebrovascular disease mortality

	

	

	

	

	

	




	
No. of deaths/person-years

	
120/222,833

	
23/34,656

	
23/32,387

	
17/36,029

	

	




	
Model 1 a

	
1 (Reference)

	
0.71 (0.29–1.77)

	
0.80 (0.34–1.85)

	
0.76 (0.26–2.22)

	
0.88 (0.67–1.16)

	
0.371




	
Model 2 b

	
1 (Reference)

	
0.79 (0.30–2.05)

	
0.89 (0.40–1.96)

	
0.89 (0.30–2.62)

	
0.92 (0.71–1.19)

	
0.518




	
Total fruit juice

	

	

	

	

	

	




	
All-cause mortality

	

	

	

	

	

	




	
No. of deaths/person-years

	
3117/217,026

	
631/34,829

	
670/34,056

	
486/39,995

	

	




	
Model 1 a

	
1 (Reference)

	
1.01 (0.89–1.15)

	
1.01 (0.89–1.16)

	
1.09 (0.91–1.31)

	
1.03 (0.99–1.07)

	
0.193




	
Model 2 b

	
1 (Reference)

	
1.14 (1.00–1.30)

	
1.15 (0.98–1.34)

	
1.28 (1.09–1.49)

	
1.06 (1.03–1.09)

	
<0.001




	
CVD mortality

	

	

	

	

	

	




	
No. of deaths/person-years

	
658/217,026

	
122/34,829

	
153/34,056

	
96/39,995

	

	




	
Model 1 a

	
1 (Reference)

	
0.84 (0.64–1.11)

	
0.92 (0.71–1.21)

	
1.09 (0.71–1.68)

	
1.02 (0.92–1.14)

	
0.709




	
Model 2 b

	
1 (Reference)

	
0.98 (0.75–1.28)

	
1.07 (0.78–1.47)

	
1.36 (0.92–2.01)

	
1.07 (0.99–1.16)

	
0.101




	
Heart disease mortality

	

	

	

	

	

	




	
No. of deaths/person-years

	
542/217,026

	
98/34,829

	
129/34,056

	
77/39,995

	

	




	
Model 1 a

	
1 (Reference)

	
0.87 (0.63–1.19)

	
0.97 (0.73–1.28)

	
1.16 (0.75–1.81)

	
1.04 (0.93–1.17)

	
0.518




	
Model 2 b

	
1 (Reference)

	
1.01 (0.73–1.40)

	
1.12 (0.81–1.56)

	
1.48 (1.01–2.17)

	
1.09 (1.01–1.17)

	
0.023




	
Cerebrovascular disease mortality

	

	

	

	

	

	




	
No. of deaths/person-years

	
116/217,026

	
24/34,829

	
24/34,056

	
19/39,995

	

	




	
Model 1 a

	
1 (Reference)

	
0.76 (0.32–1.81)

	
0.75 (0.32–1.73)

	
0.71 (0.24–2.06)

	
0.86 (0.66–1.14)

	
0.292




	
Model 2 b

	
1 (Reference)

	
0.84 (0.34–2.07)

	
0.81 (0.38–1.73)

	
0.83 (0.28–2.42)

	
0.90 (0.69–1.16)

	
0.399








BMI—body mass index; CIs—confidence intervals; CVD—cardiovascular diseases; GED—general educational development; HEI-2015—Healthy Eating Index-2015; HRs—hazard ratios; METS—metabolic equivalent tasks; NHANES—National Health and Nutrition Examination Survey. a Model 1 was adjusted for sex (male, female), age (18–45, 46–65, and ≥66 years), and total energy intake (kcal/day, tertile); b Model 2 was further adjusted for race/ethnicity (non-Hispanic white, non-Hispanic black, Hispanic, and other), education (≤12th grade, high school graduate/GED or equivalent, and more than high school), marital status (married, widowed/divorced/separated, and never married), ratio of family income to poverty (<1.30, 1.30–3.49, and ≥3.50), physical activity (<8.3, 8.3–16.7, and >16.7 METS h/week), smoking (never smoking, former smoking, and current smoking), drinking (never drinking, low to moderate drinking, and heavy drinking), BMI (<18.5, 18.5–24.9, 25.0–29.9, and 30.0 kg/m2), diabetes (no, yes), baseline of cancer (no, yes), dyslipidemia (no, yes), hypertension (no, yes), other CVDs (no, yes), and HEI-2015 (score, tertile). Of note, the intake component of fruit juice was removed from HEI-2015 to avoid over-adjustment in the multivariable-adjusted models. c Linear trend test was conducted by treating 100% or total fruit juice as continuous variable in the model.
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Table 3. HRs (95% CIs) for isocalorical replacement of whole fruit with fruit juice in NHANES (1999–2014) a.
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HR (95% CI)




	
Cause of Death

	
100% Fruit Juice

	
Total Fruit Juice






	
All-cause mortality

	

	




	
Model 1 b

	
1.18 (1.10–1.27)

	
1.16 (1.08–1.25)




	
Model 2 c

	
1.09 (1.02–1.16)

	
1.08 (1.01–1.15)




	
CVD mortality

	

	




	
Model 1 b

	
1.03 (0.91–1.17)

	
1.01 (0.89–1.15)




	
Model 2 c

	
1.00 (0.88–1.15)

	
0.99 (0.87–1.13)








CIs—confidence intervals; CVD—cardiovascular diseases; HRs—hazard ratios; NHANES—National Health and Nutrition Examination Survey. a HRs were calculated as the mortality risk for isocaloric replacement of 5% of energy from whole fruit with equivalent energy from total or 100% fruit juice; b covariates adjusted in Model 1 were the same as those in Model 1 in Table 2 (see Table 2 footnote); c covariates adjusted in Model 2 were the same as those in Model 2 in Table 2 (see Table 2 footnote).
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