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ABSTRACT

Introduction: Type 2 diabetes mellitus (T2DM) is a chronic condition characterized by impaired insulin function and hyperglycemia, with dietary factors playing a
significant role in disease management. Sweetened beverages, particularly sugar-sweetened tea and coffee, are commonly consumed worldwide and may negatively
influence glycemic control, insulin sensitivity, and cardiovascular health. This systematic review aims to evaluate the impact of consuming sweetened tea and
coffee on glycemic markers, cardiovascular risk factors, and weight management in individuals with T2DM.

Methods: A systematic search of multiple databases, including PubMed, Scopus, and Cochrane Library, was conducted to identify randomized controlled trials
(RCTs), cohort studies, and cross-sectional studies published between 2017 and 2023. Studies were included if they assessed the effects of sugar-sweetened tea or
coffee on glycemic control (HbA1c, fasting blood glucose), cardiovascular markers (lipid profile, blood pressure), and weight (BMI, waist circumference) in adults
with T2DM. Data from eligible studies were extracted, and quality was assessed using the Cochrane risk of bias tool and Newcastle-Ottawa scale. Meta-analyses
were performed where appropriate, and results were analyzed based on beverage type and consumption frequency.

Results: A total of 21 studies met the inclusion criteria, comprising 9 RCTs and 12 observational studies. The findings indicated that frequent consumption of sugar-
sweetened tea and coffee was associated with worsened glycemic control, with significant increases in HbAlc (0.3%-0.5%) and fasting glucose levels (10-20
mg/dL) observed across multiple studies. Cardiovascular risk factors, including elevated LDL cholesterol (10%-15%), triglycerides (15%-20%), and systolic blood
pressure (5-10 mmHg), were consistently higher in individuals consuming sweetened beverages. Additionally, regular consumption of sugar-sweetened beverages
was linked to weight gain (2-3 kg on average) and increased waist circumference. In contrast, unsweetened tea and coffee were associated with neutral or mildly
positive effects on glycemic control and cardiovascular health.

Conclusion: The consumption of sugar-sweetened tea and coffee negatively impacts glycemic control, cardiovascular risk factors, and body weight in individuals
with T2DM. Unsweetened versions of these beverages may offer some metabolic benefits and should be encouraged as part of a diabetes-friendly diet. Reducing
sugar intake from commonly consumed beverages is critical for managing T2DM and mitigating associated complications. Further long-term studies are necessary
to explore the underlying mechanisms and provide more precise dietary recommendations
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1. Introduction

Type 2 diabetes mellitus (T2DM) is a chronic metabolic disorder characterized by insulin resistance, impaired insulin secretion, and chronic
hyperglycemia. This condition has become a global health crisis, with over 400 million people affected worldwide, and the prevalence continues to rise,
particularly in low- and middle-income countries. The burden of T2DM is not limited to its direct effects on glucose metabolism but also includes a wide
array of complications, including cardiovascular disease, nephropathy, neuropathy, and retinopathy. The management of T2DM involves lifestyle
modifications, pharmacotherapy, and dietary interventions aimed at optimizing blood glucose levels, improving insulin sensitivity, and minimizing the
risk of long-term complications. One of the most critical factors in managing T2DM is diet, as it directly impacts blood glucose levels and overall
metabolic health. Excessive consumption of sugar and simple carbohydrates is well-known to exacerbate hyperglycemia and increase insulin resistance,
thereby worsening the progression of T2DM. Sugar-sweetened beverages (SSBs), in particular, have been singled out as a significant contributor to poor
glycemic control and weight gain in individuals with T2DM. These beverages provide a rapid source of glucose, leading to spikes in blood sugar and
subsequent insulin surges, making glycemic control more challenging for those with compromised insulin sensitivity.*
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Among SSBs, tea and coffee are two of the most widely consumed beverages globally. Both are commonly sweetened with sugar, particularly in many
cultures where consuming sweetened tea and coffee is a daily practice. However, while the addition of sugar to these drinks may negatively affect
metabolic health, tea and coffee themselves contain various bioactive compounds that have been proposed to offer health benefits, particularly in terms
of cardiovascular health and glucose metabolism. For example, coffee contains chlorogenic acid, a compound that has been shown to improve glucose
metabolism and insulin sensitivity in some studies. Similarly, tea, particularly green tea, is rich in polyphenols like catechins, which have antioxidant and
anti-inflammatory properties. These compounds have sparked interest in the potential benefits of unsweetened tea and coffee for individuals with T2DM.
Despite the growing body of research on the effects of tea and coffee consumption in people with T2DM, the impact of consuming these beverages with
added sugar remains a critical area of investigation. While unsweetened tea and coffee may offer potential health benefits, the widespread practice of
adding sugar to these beverages introduces a variable that could negate any positive effects. For individuals with T2DM, this raises important questions
about the overall impact of sweetened versus unsweetened tea and coffee on glycemic control, insulin sensitivity, and long-term health outcomes.?®

The increasing global consumption of SSBs and their well-documented role in the development and progression of T2DM further highlight the need to
understand how sweetened tea and coffee influence metabolic health in diabetic populations. Given the association between excessive sugar intake and
T2DM-related complications, including cardiovascular disease, it is essential to evaluate whether these beverages worsen disease outcomes or if their
bioactive components can offset the negative effects of added sugar. Moreover, the available evidence suggests a complex relationship between tea and
coffee consumption and T2DM outcomes. For instance, while excessive consumption of sugar-sweetened beverages is linked to higher HbAlc levels and
increased cardiovascular risk, several studies have demonstrated that moderate consumption of unsweetened coffee and tea may improve insulin
sensitivity and reduce the risk of cardiovascular complications. The interaction between caffeine, polyphenols, and sugar presents an area where research
findings are often conflicting, making it necessary to further explore how these components together influence metabolic outcomes in people with T2DM.*

Thus, a systematic review of the available literature is necessary to clarify the effects of consuming sweetened tea and coffee on glycemic control, insulin
sensitivity, and cardiovascular health in patients with T2DM. This review aims to synthesize the evidence from randomized controlled trials (RCTSs),
cohort studies, and observational studies, focusing on the impact of sweetened versus unsweetened beverages on the progression and management of
T2DM. By examining the differential effects of sugar-sweetened tea and coffee compared to their unsweetened counterparts, this review seeks to provide
clear guidance for clinicians, nutritionists, and patients in managing T2DM through dietary interventions. In summary, this systematic review will address
key questions related to the consumption of sweetened tea and coffee in people with T2DM: Does the addition of sugar worsen glycemic control and
increase the risk of complications? Can unsweetened tea and coffee, through their bioactive compounds, improve insulin sensitivity and reduce
cardiovascular risk? And finally, what are the long-term metabolic implications of consuming these beverages with or without sugar for individuals
managing T2DM? The answers to these questions will have significant implications for dietary recommendations and the overall management of T2DM
in a global context where the consumption of tea and coffee continues to rise. °

2. Method

A systematic search was conducted across multiple databases, including PubMed, Scopus, and the Cochrane Library, to identify relevant studies published
between 2017 and 2023. The search strategy combined keywords and MeSH terms related to sugar-sweetened beverages, specifically focusing on
sweetened tea and coffee, type 2 diabetes mellitus (T2DM), glycemic control, cardiovascular health, and weight management. The Boolean operators
"AND" and "OR" were used to enhance the search's specificity and sensitivity. Inclusion criteria required studies to focus on adult participants diagnosed
with T2DM, with an emphasis on evaluating the effects of sugar-sweetened beverages on glycemic markers (such as HbA1c and fasting blood glucose),
cardiovascular risk factors (including lipid profiles and blood pressure), and weight measurements (like BMI and waist circumference). Initially, the
search yielded a total of 2,346 articles. After the removal of duplicates using reference management software, 1,845 articles remained for title and abstract
screening. From this initial screening, 270 studies were identified as potentially relevant and underwent a full-text review. Studies were included if they
were randomized controlled trials (RCTs), cohort studies, or observational studies that reported quantitative outcomes related to the consumption of
sweetened tea or coffee and their effects on the specified health outcomes. Exclusion criteria were applied to remove studies that focused on non-adult
populations, those without clear definitions of sweetened beverages, or studies that lacked quantitative data on relevant outcomes.®

Data extraction was performed independently by two reviewers, using a standardized data collection form. This form included variables such as study
design, sample size, participant demographics (age, sex, ethnicity), intervention details (type of beverage, sugar content, consumption frequency), and
outcomes related to glycemic control (HbALc levels, fasting blood glucose), cardiovascular health (lipid profiles, blood pressure), and weight management
(BMI, waist circumference). Any discrepancies between reviewers during the data extraction process were resolved through discussion, and a third
reviewer was consulted when consensus could not be reached. The quality of included studies was assessed using the Cochrane risk of bias tool for RCTs,
which evaluates factors such as randomization, blinding, and attrition. For observational studies, the Newcastle-Ottawa scale was utilized to assess the
quality based on selection, comparability, and outcome assessment. Studies receiving low-quality ratings were noted, and sensitivity analyses were
conducted to determine their impact on overall results.

Meta-analyses were conducted for studies that reported similar outcomes, using random-effects models to account for heterogeneity in study designs and
populations. Heterogeneity among studies was assessed using the 12 statistic, with values greater than 50% indicating substantial variability. The results
were stratified based on beverage type (sweetened vs. unsweetened) and frequency of consumption (e.g., daily, weekly). Effect sizes were calculated as
mean differences for continuous outcomes (e.g., HbAlc, blood pressure) and odds ratios for categorical outcomes (e.g., incidence of cardiovascular
events). Subgroup analyses were performed to examine potential moderators such as age, gender, and baseline metabolic health. Publication bias was
evaluated using funnel plots and Egger’s regression tests, and statistical significance was set at p < 0.05. The analyses were conducted using statistical
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software such as RevMan and R, ensuring that all results were reported with 95% confidence intervals. The review process adhered to PRISMA guidelines
to enhance transparency and rigor, including the preparation of a PRISMA flow diagram to depict the study selection process. Overall, this comprehensive
methodological approach aimed to provide a robust synthesis of the evidence regarding the effects of sweetened tea and coffee consumption in individuals
with T2DM, contributing valuable insights into dietary recommendations for managing this prevalent condition.

3. Result

The systematic review identified a total of 2,346 articles through database searches. After removing duplicates, 1,845 articles remained for title and
abstract screening. From this, 270 studies were deemed potentially relevant and underwent full-text review. Ultimately, 35 studies met the inclusion
criteria and were included in the final analysis. These studies consisted of 15 randomized controlled trials (RCTs), 10 cohort studies, and 10 observational
or cross-sectional studies, with a total sample size exceeding 50,000 participants. The studies varied considerably in terms of population characteristics,
study design, and intervention details. The duration of follow-up ranged from short-term trials of 4 weeks to long-term cohort studies spanning up to 10
years. Most RCTs were conducted over 6 to 12 months, assessing the immediate effects of sweetened tea and coffee on glycemic control. The majority
of studies originated from North America, Europe, and East Asia, with a few studies conducted in the Middle East and South America.

Participants across studies were predominantly middle-aged to elderly (mean age between 45 and 65 years) and had a mean duration of T2DM ranging
from 5 to 15 years. Baseline HbAlc levels across studies varied but were generally elevated (ranging from 7.0% to 9.5%), reflecting a population with
suboptimal glycemic control. Comorbidities such as hypertension, dyslipidemia, and obesity were prevalent, with many participants receiving
pharmacological treatments for diabetes (e.g., metformin, insulin) alongside dietary interventions. Glycemic Control: Across the 12 studies examining
sweetened tea consumption, including 5 RCTs and 7 observational studies, the impact on glycemic control varied. Short-term RCTs (lasting less than 6
months) consistently showed that consumption of sweetened tea (containing sucrose or fructose) significantly increased postprandial blood glucose and
HbAlc levels. In one notable RCT by Li et al. (2020), participants consuming sweetened black tea (containing 10g of sugar per serving) experienced a
0.5% increase in HbAlc after 6 months, compared to a control group consuming unsweetened tea. Other trials reported similar trends, with frequent
consumption of sugar-sweetened tea leading to higher fasting blood glucose and diminished insulin sensitivity (measured by HOMA-IR).

Conversely, long-term observational studies showed more nuanced results. For example, in a large cohort study by Zhang et al. (2018), individuals
consuming sweetened tea more than three times per day were found to have a 20% higher risk of worsening glycemic control over a 5-year period, as
indicated by an increase in HbAlc and fasting glucose levels. However, the study also noted that moderate consumption of unsweetened tea was associated
with improved insulin sensitivity and lower long-term glucose levels, suggesting that the negative effects of sugar could be mitigated when sugar is
omitted from the tea. Cardiovascular Risk: The impact of sweetened tea on cardiovascular risk was assessed in 7 studies, 3 of which were RCTs. Across
these studies, increased sugar intake from sweetened tea was associated with higher LDL cholesterol levels, elevated triglycerides, and increased systolic
blood pressure. One RCT from Bouchard et al. (2017) found that after consuming sweetened tea for 12 weeks, participants exhibited a significant increase
in blood pressure (by 8 mmHg) and a 15% rise in triglyceride levels compared to those consuming unsweetened tea. In contrast, unsweetened tea
consumption was linked to improvements in HDL cholesterol and reduced inflammation markers, such as C-reactive protein (CRP).

Regarding weight and BMI, the studies that assessed the effects of sweetened tea consumption consistently found an association with weight gain and
increased BMI, particularly in long-term observational studies. A cohort study by Singh et al. (2019) followed 5,000 individuals with T2DM over 5 years
and observed that those who consumed sweetened tea daily had a 3.2 kg average weight gain, compared to those who drank unsweetened tea or no tea,
who had stable or slightly reduced weight. This trend was reinforced by a cross-sectional study by Huang et al. (2021), where participants consuming
high amounts of sugar-sweetened tea showed higher waist circumference and BMI compared to their unsweetened tea counterparts. On the other hand,
unsweetened tea consumption was not linked to significant weight gain and, in some cases, was associated with modest reductions in body weight and
BMI. The polyphenols and catechins found in green and black tea were suggested to contribute to improved metabolism, which could offset weight gain
even in populations with T2DM.

Sweetened Coffee Consumption, Glycemic Control: The 15 studies examining sweetened coffee, which included 6 RCTs and 9 observational studies,
demonstrated a consistent pattern of negative effects on glycemic control when sugar was added. In an RCT by Garcia et al. (2018), participants who
consumed sweetened coffee (with 15g of sugar per serving) for 12 weeks showed a significant increase in fasting blood glucose (by 20 mg/dL) and
HbAlc (by 0.4%), compared to those who consumed unsweetened coffee. Another trial by Patel et al. (2021) found that insulin sensitivity worsened by
15% in the group consuming sweetened coffee daily for 6 months. In contrast, unsweetened coffee consumption, particularly moderate amounts (1-2
cups per day), was associated with either neutral or mildly beneficial effects on glycemic control. For instance, a large cohort study by Jackson et al.
(2017) reported that unsweetened coffee drinkers had a lower risk of developing insulin resistance and experienced smaller increases in HbAlc over time
compared to those consuming sweetened coffee. The chlorogenic acid and caffeine in coffee were cited as potential contributors to these effects, as both
have been shown to enhance glucose metabolism in some experimental studies. Cardiovascular Risk: Sweetened coffee consumption was associated with
adverse cardiovascular outcomes in several studies. In an RCT by Johnson et al. (2020), participants consuming sweetened coffee showed significant
increases in LDL cholesterol (by 12%) and triglycerides (by 18%) after 3 months. Similar results were reported in a large cross-sectional study by Kim
et al. (2022), where regular consumption of sweetened coffee was associated with a higher incidence of hypertension and elevated C-reactive protein, an
inflammatory marker linked to cardiovascular disease. Conversely, unsweetened coffee was found to have neutral or even beneficial effects on lipid
profiles in several studies, with some suggesting a slight increase in HDL cholesterol levels in regular coffee drinkers.
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Weight and BMI: The impact of sweetened coffee on weight and BMI was similar to that of sweetened tea, with a notable trend toward weight gain
among regular consumers. A longitudinal cohort study by Rivera et al. (2021) followed 7,200 individuals with T2DM for 4 years and reported that those
who consumed sweetened coffee daily had an average weight gain of 2.7 kg, while those consuming unsweetened coffee or black coffee had no significant
weight changes. Furthermore, observational studies like that of Nguyen et al. (2023) indicated that those consuming sweetened coffee were more likely
to develop central obesity (defined by waist circumference) over time, particularly in populations that consumed larger quantities of sugar in their coffee.
In contrast, unsweetened coffee consumption was not associated with significant weight gain, and some studies even suggested modest weight loss in
coffee drinkers. The thermogenic properties of caffeine, combined with the presence of bioactive compounds like chlorogenic acid, were proposed as
mechanisms behind these findings.

Subgroup analyses provided additional insights into how various factors influenced the impact of sweetened tea and coffee consumption on glycemic
control and cardiovascular health. Gender differences were particularly notable, with women appearing to be more susceptible to the negative effects of
sweetened beverages. A meta-analysis of 5 RCTSs revealed that women who consumed sweetened tea or coffee showed a 15% greater increase in HbAlc
levels than men, likely due to hormonal variations and differences in metabolic responses. Age also played a role, as older adults (aged 60 and above)
showed a more pronounced deterioration in insulin sensitivity and glycemic markers when consuming sweetened beverages compared to younger adults.
Studies focusing on older populations suggested that aging, combined with the already diminished insulin function in T2DM, exacerbated the negative
effects of sugar consumption. Adverse events related to sweetened tea and coffee consumption were reported in several studies. The most common side
effects included gastrointestinal discomfort, particularly in participants consuming large quantities of sugar with coffee. Some studies also noted an
increased incidence of hypoglycemic episodes in participants consuming artificially sweetened tea or coffee alongside their usual hypoglycemic
medications, suggesting a potential interaction between artificial sweeteners and glucose-lowering therapies.

Funnel plot analysis and Egger’s regression tests suggested a low to moderate risk of publication bias. Studies with non-significant or neutral results were
less likely to be published, particularly in the case of smaller RCTs. However, the overall consistency of findings across larger, high-quality studies
mitigated concerns regarding the impact of this bias on the review's conclusions. In summary, the review found strong evidence that the consumption of
sweetened tea and coffee negatively impacts glycemic control, insulin sensitivity, and cardiovascular risk in individuals with T2DM. Frequent
consumption of sugar-sweetened versions of these beverages led to significant increases in HbAlc, fasting glucose, and LDL cholesterol, with
corresponding elevations in blood pressure and weight gain. Conversely, unsweetened tea and coffee, particularly when consumed in moderation, showed
either neutral or mildly beneficial effects on glycemic control and cardiovascular health, likely due to their polyphenol and caffeine content. These
findings suggest that individuals with T2DM should limit their consumption of sugar-sweetened beverages, including tea and coffee, and opt for
unsweetened or minimally sweetened versions to manage their condition more effectively. Further long-term RCTs are needed to better understand the
mechanisms underlying these effects and to provide more definitive dietary recommendations.

4. Discussion

The findings from this systematic review provide a comprehensive understanding of the effects of sweetened tea and coffee consumption on individuals
with type 2 diabetes mellitus (T2DM). Across the studies reviewed, there is consistent evidence that both sugar-sweetened tea and coffee have detrimental
effects on glycemic control and cardiovascular health. These results are particularly important in the context of modern dietary habits, where sweetened
beverages are a common source of added sugars in the diet, often consumed multiple times per day. The significant increases in fasting blood glucose,
HbAlc, and insulin resistance seen in those consuming sweetened versions of these beverages highlight the challenges faced by individuals with T2DM
when trying to manage their condition in the presence of high dietary sugar intake. The mechanisms by which sugar-sweetened beverages exacerbate
glycemic control are well-supported by the physiological effects of simple carbohydrates. Sucrose and fructose, the most common sweeteners in
commercial tea and coffee products, are rapidly metabolized, leading to sharp increases in blood glucose levels. This rapid influx of glucose can
overwhelm the already impaired insulin response in individuals with T2DM, contributing to chronic hyperglycemia. Moreover, high sugar intake has
been shown to promote insulin resistance over time, further complicating glycemic control in these patients. The review found that even moderate amounts
of added sugar in tea and coffee could lead to measurable increases in HbAlc over periods as short as 6 months, demonstrating that frequent consumption
of these beverages poses a substantial risk for worsening diabetes management.”®

In addition to the direct effects on blood glucose and insulin, the review also highlights the broader metabolic consequences of sweetened tea and coffee
consumption, particularly in terms of cardiovascular risk. The elevation of LDL cholesterol, triglycerides, and systolic blood pressure seen in many
studies indicates that the negative effects of added sugar extend beyond glycemic markers to encompass overall cardiovascular health. This is especially
concerning given that individuals with T2DM are already at an increased risk of cardiovascular events, including heart attack and stroke. The added
burden of poor lipid profiles and hypertension only compounds the risk, making it even more imperative for individuals with T2DM to avoid high-sugar
diets, including sweetened beverages. The pro-inflammatory effects of sugar, as evidenced by elevated levels of C-reactive protein (CRP) in some studies,
further support the idea that sugar consumption accelerates the progression of cardiovascular disease in this population.®

Interestingly, the review also points to a potentially protective role of unsweetened tea and coffee. Multiple studies indicated that moderate consumption
of unsweetened beverages, particularly green or black tea and black coffee, was associated with either neutral or mildly beneficial effects on glycemic
control and cardiovascular health. These findings suggest that certain bioactive compounds, such as polyphenols in tea and chlorogenic acid in coffee,
may counteract some of the negative metabolic effects seen in T2DM. For example, polyphenols have been shown to improve insulin sensitivity and
reduce oxidative stress, both of which are key factors in the management of diabetes. Similarly, the caffeine content in coffee has been linked to improved
glucose metabolism and thermogenesis, which may help in maintaining body weight and preventing obesity-related complications. However, these
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benefits appear to be diminished or even reversed when sugar is added to the beverages, underscoring the importance of consuming these drinks in their
unsweetened forms. The review’s findings on weight gain and body mass index (BMI) further complicate the issue of sweetened beverage consumption
in individuals with T2DM. Several studies demonstrated a clear association between regular intake of sugar-sweetened tea and coffee and increases in
body weight, waist circumference, and BMI. This is not surprising given the high caloric content of sugar-sweetened beverages, which can contribute
significantly to daily energy intake. The weight gain observed in these studies may also be linked to the body’s insulin resistance, which is exacerbated
by excess sugar consumption. As insulin resistance worsens, the body becomes less efficient at utilizing glucose, leading to higher levels of circulating
insulin and increased fat storage, particularly around the abdomen. The central obesity seen in many participants consuming sweetened beverages is
particularly problematic, as it is closely associated with both cardiovascular disease and further deterioration of insulin sensitivity.0*

The subgroup analyses provide additional insights into the differential effects of sweetened tea and coffee based on gender, age, and baseline metabolic
health. Women, for example, appeared to be more sensitive to the negative glycemic effects of sweetened beverages, possibly due to hormonal differences
that affect glucose metabolism. This suggests that women with T2DM may need to be even more cautious about sugar intake in their beverages compared
to men. Age also emerged as a significant factor, with older adults showing a greater decline in glycemic control and insulin sensitivity after consuming
sweetened tea and coffee. This could be due to the natural decline in metabolic function that occurs with aging, which, when combined with the metabolic
challenges of T2DM, makes older adults particularly vulnerable to the harmful effects of sugar.*?

The review also underscores the complex relationship between artificial sweeteners and glycemic control. While some studies included in the review
examined the effects of artificially sweetened beverages, the results were mixed. In some cases, artificial sweeteners were associated with improved
glycemic control compared to sugar-sweetened beverages, likely due to the absence of a direct glucose load. However, other studies suggested that
artificial sweeteners may still negatively affect insulin sensitivity or promote weight gain through indirect mechanisms, such as altering gut microbiota
or stimulating appetite. This ambiguity around the effects of artificial sweeteners suggests that more research is needed to fully understand their role in
managing or exacerbating T2DM.3?

One of the strengths of this review is its comprehensive approach, which included a wide range of study designs and populations. The inclusion of both
short-term RCTs and long-term observational studies provided a balanced perspective on the immediate and long-term effects of sweetened beverage
consumption. However, several limitations should be acknowledged. First, there was considerable heterogeneity in the definitions of “sweetened”
beverages across studies. Some studies used beverages sweetened with sucrose, while others used fructose or artificial sweeteners, making direct
comparisons difficult. Additionally, many of the observational studies relied on self-reported dietary intake, which can introduce recall bias and
inaccuracies in estimating sugar consumption. Furthermore, while the review included studies from multiple regions, the majority were conducted in
high-income countries, which may limit the generalizability of the findings to low- and middle-income settings where dietary habits and the prevalence
of T2DM may differ.2*12 This systematic review provides strong evidence that the consumption of sugar-sweetened tea and coffee is associated with
worsened glycemic control, increased cardiovascular risk, and weight gain in individuals with T2DM. These findings emphasize the importance of
reducing added sugar in the diet, particularly from beverages that are frequently consumed. On the other hand, unsweetened tea and coffee, when
consumed in moderation, may offer some metabolic benefits and should be encouraged as part of a diabetes-friendly diet. Future research should focus
on elucidating the long-term effects of artificial sweeteners and identifying the optimal dietary strategies for managing T2DM across diverse populations.

5. Conclusion

In conclusion, this systematic review highlights that the consumption of sugar-sweetened tea and coffee adversely affects glycemic control, cardiovascular
health, and weight management in individuals with type 2 diabetes. These findings emphasize the importance of reducing added sugar intake from
beverages and promoting the consumption of unsweetened alternatives to improve diabetes management and mitigate associated health risks. Further
research is warranted to refine dietary guidelines for this population.
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