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Abstract

Our aim was to conduct an umbrella review of evidence from meta-analyses of observational
studies investigating the link between sugar-sweetened beverage consumption and human health
outcomes. Using predefined evidence classification criteria, we evaluated evidence from 47 meta-
analyses encompassing 22,055,269 individuals. Overall, 79% of these analyses indicated direct
associations between greater sugar-sweetened beverage consumption and higher risks of adverse
health outcomes. Convincing evidence (class I) supported direct associations between sugar-
sweetened beverage consumption and risks of depression, cardiovascular disease, nephrolithiasis,
type 2 diabetes mellitus, and higher uric acid concentrations. Highly suggestive evidence (class II)
supported associations with risks of nonalcoholic fatty liver disease and dental caries. Out of
the remaining 40 meta-analyses, 29 were graded as suggestive or weak in the strength of ev-
idence (classes III and IV), and 11 showed no evidence (class V). These findings inform and
provide support for population-based and public health strategies aimed at reducing sugary drink
consumption for improved health.
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INTRODUCTION

Sugar-sweetened beverages are characterized as any drink containing added caloric sweeteners,
which can include ingredients such as fruit juice concentrates, high-fructose corn syrup, and su-
crose (62). These beverages are considered to be ultraprocessed in the Nova food classification
system, which aims to categorize consumables based on the extent and purpose of industrial pro-
cessing (71). Ultraprocessed foods, which include beverages and belong to group four in the Nova
system, are defined as industrial formulations made from food extracts, derivatives, or synthesized
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compounds, typically lacking whole-food components (71). In many high-income countries, the
consumption of sugar-sweetened beverages is approaching or has already surpassed the recom-
mended limit that is set at less than 10% of total daily energy intake from added sugar (97) or
free sugar (107). Free sugar is defined as added sugar plus the natural sugars present in fruit juices,
honey, and syrup (84). Consumption of sugar-sweetened beverages is also on the rise in many low-
and middle-income countries (3, 65). Notably, per capita sales of these beverages are among the
highest in the world in countries such as Argentina and Mexico (101). At the national level in the
United States, individuals who are younger, male, of Hispanic and non-Hispanic Black decent,
current smokers, residents of nonmetropolitan counties, and employed and those with less than a
high school education, a high body mass index, and no physical activity tend to exhibit higher in-
take of sugar-sweetened beverages compared with other sociodemographic groups and behavioral
and health-related characteristics (58, 84).

Many individual studies, along with several subsequent meta-analyses, have consistently shown
direct associations between sugar-sweetened beverage consumption and adverse health outcomes
related to chronic noncommunicable diseases. These outcomes include higher risks of cancers
(56), cardiometabolic diseases (111), and depression (37), as well as all-cause and cause-specific
mortality (79). One recent umbrella review of meta-analyses emphasized that overall dietary
consumption of sugar can be considered detrimental, particularly in terms of cardiometabolic
outcomes (38). While examining nutrient intakes such as sugar provides valuable insights, it is
essential to prioritize research efforts on major food sources and widely consumed items, such
as sugar-sweetened beverages. This approach allows for a more comprehensive assessment of di-
etary associations with health outcomes. Such an endeavor holds the potential to better inform
population-based strategies and public health policies, particularly in the context of improving
overall dietary quality. Our aim was to conduct an umbrella review to evaluate the evidence
from meta-analyses of observational studies assessing the associations between sugar-sweetened
beverage consumption and human health outcomes.

METHODS

Our systematic umbrella review of meta-analyses was conducted and reported in line with the
PRISMA (preferred reporting items for systematic reviews and meta-analyses) guidelines (78).

Literature Search and Selection Criteria

Meta-analyses of data extracted from original research articles using observational designs (e.g.,
cross-sectional, prospective, and case-control) that examined the association between sugar-
sweetened beverage intake and adverse health outcomes were eligible. There were no restrictions
on population type or age group. All and any detrimental health outcomes were eligible for in-
clusion, including chronic physical diseases (e.g., cardiovascular disease), mental disorders (e.g.,
depression), intermediate risk factors (e.g., hypertension), and mortality (e.g., all-cause).

Three authors (W.M., N.T., and E.G.) independently searched MEDLINE (via PubMed),
Epistemonikos, and EMBASE from database inception to January 2023.Key search terms pertain-
ing to sugar-sweetened beverage consumption and the study design of meta-analyses are outlined
in the Supplemental Material. Two authors (E.G. and W.M.) used the Covidence systematic
review software (https://www.covidence.org) to undertake independent screening, first based
on the title and abstract, and then by examining the full text. Any discrepancies between authors
over study eligibility were resolved by consensus. To limit biases caused by the nonidentification
of studies (33), and in line with methods used in prior umbrella reviews (67, 102), the most re-
cently updated and/or largest meta-analysis was included where two or more meta-analyses were
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available for the same disease outcome.Wheremeta-analyses modeled the sugar-sweetened bever-
age consumption continuously (e.g., dose-response) and categorically (e.g., high versus low intake),
both pooled analyses were included.

Data Extraction

For the description of review characteristics and evidence synthesis, data from the included meta-
analyses (e.g., study design, sample size, outcome types, and effect sizes) were extracted in duplicate
using a purpose-designed spreadsheet. In the case of missing information in the meta-analyses,
data were retrieved from the original research articles cited by the meta-analyses and/or data
reported upon request from the studies’ corresponding author(s). When discrepancies arose be-
tween the data presented in the original research article and the meta-analysis included in our
review, we gave priority to extracting data from the original research article. In cases where a
meta-analysis did not provide enough information, such as individual study effect sizes or missing
citations necessary for reanalysis, we excluded that particular analysis from our review.

Data Analysis

The characteristics of included meta-analyses were summarized by the approximate number of
risk factors, total number of participants, number of cases, and their design. A random effect
meta-analysis model was used to reanalyze all extracted effect sizes for each outcome, includ-
ing risk ratios (RRs), hazard ratios (HRs), odds ratios (ORs), and standardized mean differences or
weighted mean differences (WMDs), with 95% confidence intervals (CIs) (33). Additionally, the
95% prediction intervals were calculated for all random effect sizes, which provide the possible
range in which the effect sizes of additional future studies are expected to fall (36). In the context
of an umbrella review, when 95% prediction intervals do not include the null, it indicates that
the range of effect sizes being considered is statistically significant (36). Statistical heterogeneity
between studies was evaluated using the I 2 statistic, with a value ≥50% indicative of high het-
erogeneity and values ≥75% suggestive of very high heterogeneity. We used Egger’s regression
asymmetry test to assess whether there was evidence for small-study effects (i.e., whether smaller
studies tended to give substantially larger estimates of effect size compared with larger studies)
(21). A test for excess significance for all outcomes was conducted (40), which evaluated whether
the number of studies with nominally significant results (i.e., P < 0.05) within an included meta-
analysis exceeded what would be expected based on the statistical power of the meta-analysis.
Data analyses were conducted using the online version of the R statistical package metaumbrella
(https://metaumbrella.org) (33). The terms direct and inverse were used to describe the direc-
tion of associations between sugar-sweetened beverage consumption and adverse health outcomes,
with direct indicating a higher risk and inverse indicating a lower risk. These terms were chosen
to avoid ambiguity compared with so-called positive or negative associations.

Evidence Grading

In agreement with the approach taken in previous umbrella reviews, and for the purpose of con-
sistency and comparison (67, 103), each pooled result within this umbrella review was categorized
using evidence classification criteria (39). These categories include convincing, highly suggestive,
suggestive, weak, or no evidence, as outlined in Table 1 (39).

Quality Assessment

The quality of all eligible meta-analyses was assessed using the second edition of the AMSTAR 2
(a measurement tool to assess systematic reviews) quality assessment tool (88). This tool provided

386 Lane et al.
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Table 1 Evidence classification criteria

Class Description
Convincing (class I) The number of cases is >1,000 (or >20,000 for continuous outcomes),

statistically significant using a P of <1 × 10−6, I 2 < 50%, 95%
prediction interval excludes the null hypothesis, no small-study effects,
and no excess significance bias

Highly suggestive (class II) The number of cases is >1,000, statistically significant using a P value of
<1 × 10−6, the largest included individual study has a statistically
significant effect (P ≤ 0.05), and other class I criteria not met

Suggestive (class III) The number of cases is >1,000, P of <1 × 10−3, and class I–II criteria
not met

Weak (class IV) Statistically significant (P ≤ 0.05) and class I–III criteria not met
No evidence (class V) No statistical significance (P > 0.05)

a broad assessment of quality across critical domains that may have affected the validity of a review.
These domains included the adequacy of the literature search, justification for excluding individ-
ual studies, risk of bias from individual studies being included in the review, appropriateness of
meta-analytical methods, and consideration of the risk of bias when interpreting the results of the
review (88). A qualitative appraisal was applied, with consideration of the potential impact of an
inadequate rating for each item given, particularly the critical domains shown in Supplemental
Table 1 (88).

RESULTS

After removing duplicates, the systematic search yielded 534 unique and nonrepeated studies
(Figure 1). After applying the eligibility criteria, 25 studies (1, 2, 4, 7, 12, 19, 20, 25, 26, 37, 43, 49,
51, 52, 56, 57, 63, 69, 73, 76, 79, 85, 99, 109, 112) with 47 distinct meta-analyses of an outcome
were included.

Study Characteristics

All but one of the included studies (63) were published within the past 5 years. The average
number of individual original research articles included in each distinct meta-analysis was 8 and
ranged from 3 (85) to 26 (49). The total number of children and adult participants included
across the 47 distinct meta-analyses was 22,055,269 and ranged between 7,676 (26) and 9,574,173
(49). The average number of cases (i.e., individuals who developed an outcome of interest) was
17,729 and ranged from 1,090 (26) to 138,641 (79). Close to half of the meta-analyses included
prospective designs (n = 21), with the remaining meta-analyses including a mix of study designs
(n = 15) or cross-sectional designs (n = 11). Table 2 shows the range of adverse health pa-
rameters reviewed across seven key outcome domains, such as mortality and cancer, as well as
cardiometabolic, mental/cognitive, dental, respiratory, and gastrointestinal health.

Sugar-sweetened beverage consumption was modeled in a dose-response manner in 10 meta-
analyses, each focusing on different health outcomes. These dose-response meta-analyses related
to the associations between an increase of 250 mL per day and all-cause mortality (79), cancer
mortality (79), obesity (85), and stroke (7). Additionally, these dose-response meta-analyses related
to the associations between an increase in daily servings and bodymass index (63), bodymass index
one-year change in children (63), cardiovascular disease (69), coronary heart disease (109), type 2
diabetes mellitus (69), and weight gain in adults (63).

Most outcomes (n = 38) across the 47 distinct meta-analyses were modeled categorically
and compared the highest versus lowest sugar-sweetened beverage consumption categories (e.g.,
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Reports sought for retrieval
(n = 130)

Reports assessed for eligibility
(n = 130)

Records removed before screening:

Records excluded:

Reports not retrieved
(n = 0)

Reports excluded (n = 105):

Studies included in review
(n = 25)
(47 meta-analyses)

Ineligible study design (n = 76)

Outdated/smaller meta-analysis (n = 29)

Duplicate records removed (n = 325)

Title and abstract not related (n = 425)

Figure 1

PRISMA (preferred reporting items for systematic reviews and meta-analyses) guidelines flowchart.

tertiles, quartiles). Nine outcomes were modeled continuously, with the following six in children:
body mass index (63), one-year change in body mass index (63), high- and low-density lipoprotein
cholesterol (76), total cholesterol (76), and triglyceride concentrations (76). In adults, bone density
(1), uric acid concentrations (20), and weight change (63) were modeled continuously.

Overall, and after applying a random effects model, 37 (79%) of the 47 distinct meta-analyses
reported statistically significant associations between greater sugar-sweetened beverage consump-
tion and higher risks of adverse health outcomes at P ≤ 0.05. Additionally, seven of these
associations remained statistically significant at a more stringent significance level (P< 1 × 10−6).
This was observed for outcomes such as depression (37), dental caries (99), cardiovascular disease
(69), nephrolithiasis (51), nonalcoholic fatty liver disease (12), type 2 diabetes mellitus (69), and
uric acid concentrations (20).

In 26 (55%) meta-analyses, the largest included study (i.e., with the highest number of
participants) was statistically significant (as per P ≤ 0.05). This included associations of greater
sugar-sweetened beverage consumption with higher risks of all-cause mortality (dose-response
and high versus low) (79), overall cancer (49), coronary heart disease (dose-response and high

388 Lane et al.
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versus low) (109), gout (19), hyperuricemia (19), high-density lipoprotein cholesterol (children)
(76), metabolic syndrome (73), nonalcoholic fatty liver disease (12), nephrolithiasis (51), obesity
(dose-response and high versus low) (85), total cholesterol (children) (76), triglycerides (children)
(76), type 2 diabetes mellitus (dose-response and high versus low) (69), uric acid (20), waist
circumference (4), weight change (63), depression (37), dental caries (99), dental erosion (99),
asthma (adults and children) (2), and inflammatory bowel disease (43).

In seven (15%) meta-analyses, we observed small-study effects, which refer to the evidence
from smaller studies showing different, often larger, effect estimates compared with larger studies
within the same meta-analysis (92). This small-study effect was found for associations of greater
sugar-sweetened beverage consumption with higher risks of dental erosion (99), all-cause mortal-
ity (79), metabolic syndrome (73), type 2 diabetes mellitus (dose-response) (69), body mass index
one-year change in children (63), weight change in adults (63), and bone density (1). Heterogene-
ity was generally high with approximately half of the meta-analyses (23, 49%) displaying an I 2

value ≥ 50%. For 15 outcomes, the 95% prediction intervals excluded the null value. These out-
comes included cardiovascular diseasemortality (112), coronary heart disease (109), cardiovascular
disease (69), dental carries (99), depression (37), hypertension in children (25), nephrolithiasis (51),
overall cancer (105), prostate cancer (56), gout (19), nonalcoholic fatty liver disease (12), stroke
(dose-response) (7), type 2 diabetes mellitus (69), uric acid concentrations (20), and total choles-
terol in children (76). This suggests that in future studies exploring these associations, there is a
greater chance of identifying a statistically significant range of effect estimates.

Evidence Grading

When the credibility assessment criteria were applied, convincing evidence (class I) was found for
direct associations of greater sugar-sweetened consumption with higher risks of depression (RR:
1.31, 95% CIs: 1.21, 1.42) (37) and several cardiometabolic parameters, including cardiovascular
disease (RR: 1.16, 95% CIs: 1.10, 1.23) (69), nephrolithiasis (RR: 1.38, 95% CIs: 1.26, 1.51) (51),
type 2 diabetes mellitus (RR: 1.29, 95% CIs: 1.22, 1.37) (69), and higher uric acid concentrations
(WMD: 0.176, 95% CIs: 0.11, 0.25) (20). Highly suggestive (class II) evidence supported direct
associations between greater sugar-sweetened beverage consumption and higher risks of nonal-
coholic fatty liver disease (RR: 1.48, 95% CIs: 1.29, 1.69) (12) and dental carries (OR: 1.95, 95%
CIs: 1.57, 2.41) (99).

Suggestive evidence (class III) was shown for associations of greater sugar-sweetened beverage
consumption with higher risks of mortality outcomes [i.e., all-cause mortality (dose-response HR:
1.04, 95% CIs: 1.02, 1.07 and high versus low HR: 1.11, 95% CIs: 1.05, 1.19) (79) and cardiovas-
cular disease mortality (dose-response HR: 1.08, 95% CIs: 1.05, 1.12) (112)]. Suggestive evidence
(class III) was also demonstrated for a number of cardiometabolic outcomes [i.e., body mass index
in children (dose-response WMD: 0.07, 95% CIs: 0.01, 0.12) (63), cardiovascular disease (dose-
response RR: 1.09, 95% CIs: 1.05, 1.14) (69), coronary heart disease (dose-response RR: 1.15,
95% CIs: 1.09, 1.22 and high versus low RR: 1.19, 95% CIs: 1.08, 1.30) (109), gout (RR: 1.35,
95% CIs: 1.18, 1.66) (19), hyperuricemia (RR: 1.35, 95% CIs: 1.19, 1.52) (19), hypertension in
children (OR: 1.36, 95% CIs: 1.14, 1.63) (25), high-density lipoprotein cholesterol in children
(WMD: −1.41, 95% CIs: −2.23, −0.59) (76), type 2 diabetes mellitus (dose-response OR: 1.63,
95% CIs: 1.24, 2.14) (69), and weight change in adults (dose-response WMD: 0.21, 95% CIs:
0.09, 0.34) (63)].

More than half (27; 57%) of the 47 meta-analyses revealed weak evidence (class IV) or no
evidence (class V), including for the associations of sugar-sweetened beverage consumption with
higher risks of some cancers [cancer mortality (79), breast cancer (56), and pancreatic cancer (56)];
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cardiometabolic outcomes [chronic kidney disease (57), metabolic syndrome (73), obesity (85),
stroke (7), triglycerides (76), and low-density lipoprotein (76) and total cholesterol in children
(76)]; mental and cognitive outcomes [attention-deficit/hyperactivity disorder (26) and cognition
(52)]; gastrointestinal outcomes [Crohn’s disease (43), ulcerative colitis (43), and inflammatory
bowel disease (43)]; as well as dental erosion (99) and asthma (2).This was most notable in terms of
P > 0.05 for some outcomes such as cancer [cancer mortality (79) and pancreatic cancer (56)] and
gastrointestinal outcomes [Crohn’s disease (43), ulcerative colitis (43), and inflammatory bowel
disease (43)].

Quality Assessment

Using the AMSTAR 2 tool, the overall quality of the results of most meta-analyses was consid-
ered low based largely on the inadequate provision of details pertaining to the justification for
excluding individual studies, AMSTAR critical item 7 (Supplemental Table 1) (88). This item,
which requires authors to present a list of potentially relevant studies with justifications for their
exclusion, is essential to prevent the introduction of bias into the review findings. The lack of de-
tailed justifications for exclusions increases the risk of incomplete or skewed assessments (see the
supplementary appendix 1: AMSTAR 2 guidance document in 88).

DISCUSSION

This umbrella review provides a high-level overview and evaluates the observational evidence
investigating associations between greater sugar-sweetened beverage consumption and the risks
of adverse health outcomes. Twenty-five studies comprising 47 discrete meta-analyses and a total
population of 22,055,269 participants were included.These meta-analyses covered seven outcome
domains related to mortality and cancer, as well as cardiometabolic, mental/cognitive, dental, res-
piratory, and gastrointestinal health. On average, greater sugar-sweetened beverage consumption
was linked to poorer health outcomes (79%), in contrast with lower consumption levels. Of the
10 outcomes for which dose-response data were available, every 250-mL increase in daily sugar-
sweetened beverage intake was associated with higher risks of all-cause mortality (79), cancer
mortality (79), and stroke (7). In children, every serving increase in daily sugar-sweetened bev-
erages was associated with higher body mass index (63) and one-year changes in body mass index
(63). Additionally, in adults, every daily serving increase was associated with higher risks of coro-
nary heart disease (109), cardiovascular disease (69), type 2 diabetes mellitus (69), and greater
weight gain (63). Although the overall strength and quality of evidence varied across outcomes,
our findings related to changes in body weight are in line with the only meta-analysis of ran-
domized controlled trials (68), which demonstrated dose-dependent increases in weight upon the
addition of sugar-sweetened beverages to individuals’ diets.

Althoughmost meta-analyses included in our review demonstrated direct associations between
greater sugar-sweetened beverage consumption and higher risks of adverse health outcomes (as
per the commonly used inference criterion of P ≤ 0.05), less than a fifth (15%) were graded as
convincing (class I) or highly suggestive (class II) evidence. These meta-analyses encompassed a
range of effect sizes, from a 29% higher risk for type 2 diabetes mellitus (69) to a considerable 95%
higher risk for dental caries (99) when comparing higher sugar-sweetened beverage consumption
to lower consumption. The majority of associations (83%) were thus considered as suggestive
evidence (class III) or lower. This can largely be attributed to two factors: (a) a notable level of
statistical heterogeneity (49%, with I 2 ≥ 50%), and (b) a P value greater than 10−6 (81%).

The notable level of between-study variance or heterogeneity observed in the current review
may have been due to the proportion of meta-analyses that included mixed study designs (15/47,
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32%) (104). Compared with prospective study designs, cross-sectional and case-control studies
may observe larger effect estimates (67). Indeed, close to half (6/15, 40%) of these mixed study
design meta-analyses reported 95% CIs that included the null value such as for breast cancer
(56), pancreatic cancer (56), chronic kidney disease (57), Crohn’s disease (43), ulcerative colitis
(43), and inflammatory bowel disease (43). This suggests heterogeneity of variance in the data
around the point estimate (106). The proximity of the lower-bound CIs for these mixed study
design meta-analyses was relatively close to the composite null hypothesis of 1.0 (range: 0.73 to
0.99), with the upper-bound CIs showing a possible higher risk of up to three times (range: 1.10
to 2.7). This indicates that based on the available data, there is some uncertainty in the estimated
effect sizes, but it does not necessarily indicate that there is no evidence of an association (106).
In addition, only 45% of the meta-analyses included in our review pooled results exclusively from
prospective cohort studies. Approximately 23% of meta-analyses pooled estimates from cross-
sectional studies, encompassing a range of outcomes such as asthma (2), dental caries (99), dental
erosion (99), biochemical metabolic outcomes (19, 20, 76), hypertension (25), and bone density
(1). It is important to note that while causation cannot be established from any observational data,
cross-sectional meta-analyses are more liable to issues that limit causal inferences such as reverse
causation and incidence-prevalence bias (i.e., the inclusion of prevalent cases in a study) (41). To
address these existing limitations, and given the constraints of randomized controlled trials in
nutritional research for evaluating the effects of products that are considered to be potentially
harmful to health, including unattainable (and unethical) hard disease end points (e.g., incident
cancer and cardiovascular disease), more well-designed prospective cohort studies are needed.

Potential Mechanisms

Any risk of adverse cardiometabolic outcomes associated with greater consumption of sugar-
sweetened beverage intakes may occur via a range of mechanisms, for example, the metabolic
effects of glucose and other intermediate risk factors that are induced by the liver’s metabolism
of glucose to fructose (44). The overconsumption of fructose has been implicated in the devel-
opment of gout and nonalcoholic fatty liver disease through hepatic de novo lipogenesis and uric
acid production (61). That is, higher hepatic uric acid production or hyperuricemia typically pre-
cipitates gout (13, 14), and both hyperuricemia and gout have been associated with cardiovascular
disease, hypertension, and type 2 diabetes mellitus (75, 82). Higher risk for cardiometabolic out-
comes may also ensue through the typically moderate-to-high glycemic load of sugar-sweetened
beverages (5). Limited evidence exists for an association between high-glycemic-index consum-
ables and weight-related outcomes (30). However, there appears to be evidence for associations
with the development of type 2 diabetes mellitus (10, 55) and coronary heart disease (54), as well
as elevations in related intermediates including insulin resistance and circulatory concentrations
of inflammatory cytokines such as high-sensitivity C-reactive protein (53). In addition, habitual
dietary intake of ultraprocessed, high-glycemic-load consumables such as sugar-sweetened bev-
erages has been implicated in the development of some cancers (e.g., colorectal and endometrial)
through the induction of insulin-like growth factor axis and hyperinsulinemia (32).

The alterations to the food matrix structure in ultraprocessed formulations offer a plausible,
novel explanation for the associations of sugar-sweetened beverage consumption with adverse
health outcomes (72). For example, fructose, which is abundant in ultraprocessed sugar-sweetened
beverages in some regions, is more bioavailable and metabolized differently than the fructose
found in whole foods, such as fruits and dairy products, due to changes in the food matrix struc-
ture (24). Indeed, another recent meta-analysis that focused on major dietary sources of fructose,
including sugar-sweetened beverages, but that was limited to cardiovascular outcomes, supports
this notion (93). It found that the direct associations observed between greater intakes of sugary
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drinks and higher risks of cardiovascular diseases, coronary heart disease, and stroke morbidity
and mortality did not extend to other dietary sources of fructose, such as fruits, breakfast cereals,
and yogurt (93). The authors of that review concluded that the food matrix appeared to alter the
relationship between fructose intake and cardiovascular outcomes (93).

Furthermore, weight gain may also partly explain the observed associations of sugar-sweetened
beverage consumption with adverse cardiometabolic and mental disorder outcomes. Mendelian
randomization studies support high body mass index or adiposity as being causally related to ad-
verse cardiometabolic and mental health outcomes (9, 11, 16, 23, 35, 59, 77, 90, 96, 100, 108).
Several behavioral and biological pathways are implicated in the possible adiposity-mediated asso-
ciation between sugar-sweetened beverage consumption and adverse cardiometabolic and mental
health. These pathways include the notion that liquid calories sourced from sugar-sweetened bev-
erages may be unsatiating compared with calories obtained from solid food (61). In this instance,
energy imbalance might disrupt the satiety mechanisms and absolute intake of calories from foods
consumed in subsequent meals [otherwise known as an incomplete compensatory reduction in
calorie intake (64)]. Moreover, rapid absorption of glucose from sugar-sweetened beverage con-
sumption and subsequent induction of hyperinsulinemia (5, 94), as well as stimulation of the brain’s
dopaminergic reward system, may foster overconsumption (6, 18).

Limitations and Strengths

An essential limitation of our umbrella review is its reliance on meta-analyses as the primary
source of evidence. While recent individual studies have consistently reported associations be-
tween higher sugar-sweetened beverage consumption and higher risks of outcomes such as obesity
(110) and dental caries (34), it is worth noting that these studies might not have been incorporated
into meta-analyses at this stage, potentially restricting the comprehensiveness of our analysis.
Another limitation of this umbrella review is its focus on sugar-sweetened beverages as a sin-
gle food-and-beverage category in the absence of participants’ dietary patterns. People typically
consume food combinations rather than isolated or individual items, and foods comprise many
components (nonnutritive and nutritive) that are likely to have synergistic effects (87).Thus, focus-
ing only on sugar-sweetened beverages does not account for the composite interactions between
consumables and broader dietary patterns (98). However, direct associations have recently been
reported between so-called “unhealthy” behavioral patterns including higher intakes of ultrapro-
cessed foods, as a broad food category, and higher odds of sugar-sweetened beverage consumption
(83). Although sugar-sweetened beverage consumption appears to be independently associated
with adverse physical and mental health, such consumption is likely indicative of a high overall
proportion of ultraprocessed food intake. In high-income regions, more than 50% of total energy
intake consists of ultraprocessed foods (86), and higher versus lower consumption patterns of these
foods are associated with many of the health outcomes included in our review (22, 45–47).

Our review’s focus on sugar-sweetened beverages is important and timely. Sugar-sweetened
beverages have been estimated to be one of the most commonly consumed subgroups of the broad
category of ultraprocessed foods in nationally representative samples from high-income countries
(60, 66). In children, adolescents, and adults, two recent studies found that sugar-sweetened bever-
ages were the only category to consistently be a top contributor to overall intakes of “nonessential”
or “discretionary” foodstuffs (27, 28). These are unnecessary for meeting nutritional requirements
or promoting health and are characterized by their limited nutritional value and high energy,
saturated fat, and sugar content, coupled with deficient essential micronutrient content (27, 28).

Another limitation is that although many original research articles included in the meta-
analyses of our review adjusted for potential confounders thatmay cluster with both ultraprocessed
foods and sugar-sweetened beverages, including smoking and sedentariness (83), residual
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confounding remains possible. The potential for residual confounding may be more pronounced
in our review because of variations in how adjustmentmethods were applied and differences in data
quality across the original research articles. However, residual confounding bias is a limitation of
epidemiological studies and quantitative reviews of such studies in general (17). It is also important
to note that umbrella reviews, by their nature (31), provide a broad overview and may not capture
specific nuances including how sugar-sweetened beverage consumption was measured and defined
in the original research articles, with divergent and even overlapping quantiles for lowest versus
highest consumption categories possibly explaining the observed meta-analysis heterogeneity. A
strength of our review is that we used the established frameworks to evaluate both the strength
(8, 67, 103) and quality (88) of the available evidence, with the key outputs from these providing
guidance for further research.

Implications

This umbrella review generated evidence implicating greater sugar-sweetened beverage con-
sumption with higher risks of adverse health outcomes, particularly depression, dental caries, and
cardiometabolic diseases. These findings are consistent with the 2017 Global Burden of Disease
Study, which identified compelling evidence of a causal relationship between sugar-sweetened
beverage consumption and adverse cardiometabolic outcomes, such as high body mass index, is-
chemic heart disease, and type 2 diabetes mellitus (91). Collectively, this body of evidence suggests
the need for strategies aimed at reducing the health risks associated with sugar-sweetened bever-
age consumption. These findings support recommendations by the World Health Organization,
which advocates for limiting added sugar intake (i.e., to less than 10% of daily energy consump-
tion, or preferably even lower, at less than 5%) (97). Furthermore, the findings from our review
can inform and bolster the implementation of other population-based strategies designed to curb
or eliminate sugar-sweetened beverage consumption. Such population-based strategies include
the incorporation of recommendations to avoid ultraprocessed products such as sugar-sweetened
beverages into national dietary guidelines and policies, as observed in Latin American countries
(29, 70) as well as France (48), and Israel (95). Similar recommendations to improve cardiovascular
health and prevent liver disease were recently made by the American Heart Association (50) and
The Lancet in conjunction with the European Association for the Study of the Liver, respectively
(42). Other population-based strategies include sweetened beverage taxation [as implemented
in countries such as Mexico (15) and the United Kingdom (80) and in cities such as Berkeley,
California (89)], as well as restrictions on marketing and front-of-package warning labels along
with concurrent public health education strategies (74, 81).

CONCLUSIONS

Our umbrella review shows that the strongest evidence against sugar-sweetened beverage con-
sumption pertains to direct associations with higher risks of depression, dental caries, and
cardiometabolic diseases. Dose-response evidence was found for each additional milliliter per
serving increase in sugar-sweetened beverages and higher risks of all-cause mortality, cancer mor-
tality, cardiovascular disease, coronary heart disease, stroke, and type 2 diabetes mellitus in adults,
as well as higher anthropometric measures in children and adults. To address the between-study
disparities and noted limitations in the strength and quality of evidence from other meta-analyses,
especially in relation to some cancer and gastrointestinal outcomes, further evidence is required
from well-designed and well-appraised meta-analyses of prospective cohort studies. Nonethe-
less, the weight of evidence is such that addressing sugar-sweetened beverage consumption by
population-based and public health strategies is a pressing imperative to improve dietary quality
and human health.
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