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Introduction
 Diabetes, specifically type 2 diabetes mellitus (T2DM), has quick-
ly become one of the largest worldwide epidemics of the 21st century. 
In 2007, global estimates reported more than 240 million individuals 
living with T2DM. It is predicted that by 2025, 380 million people 
will be affected, with 80% of those afflicted coming from nations 
of middle and low earnings [1]. Of concern is Latin America, which 
comprises about seven to eight percent of the world’s population liv-
ing with diabetes [2,3]. It is projected that by 2030, the number of 
diabetes cases within Latin America will be greater than any other 
area [2,3].

 In Panama, where one-third of the population resides in rural set-
tings, diabetes has become one of the greatest public health issues; 
ranking as the sixth common cause of mortality in the nation [4,5].
Within the last 30 years, Panama’s economy and rate of urbaniza-
tion have grown with people moving from indigenous and rural parts 
to urban areas. As a result of this, the migrant population has expe-
rienced lifestyle changes (e.g., reduced physical activity, unhealthy 
diet, smoking), which are well-known risk factors for cardio-metabol-
ic disorders. There is a need to identify and address modifiable risk 
factors, and tailor health promotion efforts to prevent diabetes, which 
is a component of the non-communicable disease pandemic [1,6].

 According to the literature, sugar-sweetened beverages (SSB) 
(e.g., fruit juices, carbonated sodas) are among the sugar sources that 
have been positively linked to weight gain, metabolic syndrome, car-
diovascular disease, dental caries, and T2DM. As a result, the Amer-
ican Diabetes Association (ADA) suggested that individuals should 
not consume SSB in order to prevent development of diabetes [6-9]. 
Despite these findings and recommendations, some studies have re-
ported contradictory information. For example, one study found that 
the intake of sucrose did not augment glycemia compared to other 
starch [10]. A similar finding was also reported among the diabetic 
population where the addition of sucrose to their diet did not have a 
negative influence on blood sugar control [10,11]. In another study, 
serum glycosylated albumin was less in the fructose-derived diet  
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Abstract
Background: Diabetes is one of the greatest global epidemics, with 
increased prevalence in low and middle-income nations. Identifying 
risk factors may aid the development of effective health interven-
tions. The objective of this study is to explore the patterns of sug-
ar-sweetened beverage (SSB) consumption based on gender and 
age, and assess the relationship between sugar intake and pre-dia-
betes and diabetes among adults in rural Panama.

Method: Data on SSB consumption (i.e., juice, soda, hot chocolate, 
tea, and coffee) were collected. Fasting and non-fasting blood glu-
cose were measured in participants using Reli-On Prime glucome-
ters. Blood sugar levels (BSL) were dichotomized as ‘high ‘or ‘not 
high’. Descriptive statistics were performed to identify demographic 
characteristics, one-way ANOVAs were conducted to assess gender 
and age differences with SSB, and logistic regression was used to 
evaluate the association between beverage intake and BSL.

Result: Coffee and hot chocolate were the most consumed beverag-
es among the fasting (mean [SD]=1.7[1.3] coffee, 2.1[1.4] hot choc-
olate) and non-fasting blood glucose groups (mean[SD]=1.9[1.5]
coffee, 1.9[1.4]hot chocolate). Females in the fasting group showed 
significantly higher consumption of juice than males (1.6[1.2] vs. 
1.0[0.8], p<0.05). Similarly, females in the non-fasting group con-
sumed significantly more tea compared to males (1.3[1.0] vs. 
1.1[0.9], p<0.05). Significant differences in SSB intake and age were 

found in the non-fasting blood glucose group; 21-30 year olds con-
sumed more juice (1.5[1.0], p< 0.01) and hot chocolate (2.1[1.4], p< 
0.05) per day than those who were older. In the fasting blood glu-
cose group, 47.7% had high BSL, with an average SSB consump-
tion of 4.7 [3.6] a day. There was no significant association between 
beverage consumption and BSL. 

Conclusion: While sugar intake has been linked to pre-diabetes 
and diabetes, our findings suggest that SSB consumption was not 
a risk factor for diabetes. Further research that explores other mod-
ifiable and non-modifiable risk factors, within this population, is rec-
ommended. 
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compared to that of starch [12]. Furthermore, repetitive juice (100% 
fruit) intake did not influence insulin resistance or glycemic control 
measures [13].

 As more questions emerge regarding the relationship between 
increased sugar consumption and T2DM, it is important to note the 
lack of randomized controlled trials (RCT) supporting the original as-
sumptions. This is essential when considering remote or rural popula-
tions, where there is limited literature that investigates the risk factors 
associated with diabetes. Of equal significance is the consideration of 
gender and age as factors that play a role in dietary habits and their 
influence on disease. It is suggested that gender and age, including 
behaviours that are influenced by culture, economics, geography, and 
lifestyle, should be explored when developing health policies [14]. In 
this paper, we investigate the role of gender and age in regard to SSB 
(i.e., juice, soda, coffee, tea, and hot chocolate) consumption patterns 
within Panama’s underserved, rural populations. We also examine the 
relationship between SSB consumption and blood sugar levels (BSL) 
conducive to pre-diabetes and diabetes.

Materials and Methods
Participants and data collection

 We gathered data on the daily consumption of SSB from people 
living in rural Panama via routine medical consults, which included 
social history information. Participants were shown a six-ounce paper 
cup and asked how many beverages (i.e., tea, coffee, hot chocolate, 
soda, juice) of approximately this size did they consume each day. 
Reli-On Prime glucometers (finger prick) were used to collect BSL 
from two samples of participants, the fasting blood glucose group 
and the non-fasting blood glucose group. Individuals over the age of 
35 years,who have known diabetes, are under the age of 35 years 
with high clinical suspicion of diabetes, and/or anyone pregnant were 
tested for fasting blood glucose. Remaining participants were test-
ed for random non-fasting blood glucose. According to the ADA, a 
BSL of 126mg/dl or more, for fasting blood glucose, suggests dia-
betes, 100mg/dl to 125mg/dl pre diabetes, and less than 100mg/dl 
normal [15]. Regarding non-fasting blood glucose, a BSL of 200mg/
dl or more represents diabetes, 140mg/dl to 199mg/dl pre diabetes, 
and less than 140mg/dl normal. For the purpose of this study, we di-
chotomized BSL as ‘high’ or ‘not high’ for the fasting and non-fasting 
blood glucose groups. In the fasting blood glucose group, a BSL of 
100mg/dl or greater was considered ‘high’ and less than 100mg/dl 
‘not high’. For the non-fasting blood glucose group, a BSL of 140mg/
dl or more reflected ‘high’ and less than 140mg/dl ‘not high’. Data 
was collected in mobile clinics. 

Analyses

 Descriptive statistics, in combination with independent sample 
t-test and chi-square, were performed to identify the demographic 
characteristics of the study participants. One-way ANOVAs were 
conducted to explore differences in SSB consumed based on gen-
der, age, and BSL within the fasting and non-fasting blood glucose 
groups. Separate logistic regression models (odds ratio), with controls 
for age and family history of diabetes, were used to assess the associ-
ation between consumption of SSB and BSL. 

Results
Demographics

 Of the 1,691 individuals, from rural Panama, who participated in 
the study, 239 were measured for fasting blood glucose and 1,452 
were measured for non-fasting blood glucose (Table 1).

 The gender reported among participants included 179 males and 
52 females in the fasting blood glucose group while the non-fasting 
blood glucose group comprised of 391 males and 1,048 females. 
Participants who provided fasting blood glucose samples were sig-
nificantly younger (mean [SD] = 40.0 [17.3] years) than those who 
provided non-fasting blood glucose measures (43.0 [17.7] years, p< 
0.05). Consumption of SSB and family history of diabetes were com-
parable in both groups. High BSL were more prevalent in the fasting 
sample (N=114, 47.7%) compared to the non-fasting sample (N=59, 
4.1%, p < 0.0001).

Patterns of SSB Consumption, including Differences in 
Gender, Age, and Glucose Levels

 The most commonly consumed SSB among the fasting and 
non-fasting blood glucose groups were coffee and hot chocolate. The 
mean [SD] of coffee and hot chocolate consumed daily by partici-
pants in the fasting blood glucose group were 1.7 [1.3] and 2.1 [1.4], 
respectively. Among those in the non-fasting blood glucose group, 
coffee was 1.9 [1.5] and hot chocolate 1.9 [1.4]. Table 2 shows the 
distribution of the remaining SSB consumed per day. When compar-
ing the daily consumption of SSB in the fasting blood glucose group 
with the non-fasting blood glucose group, no statistical significance 
was found.

Fasting Blood 
Glucose Group 
(N=239; N=179 
males and N=52 

females)

Non-fasting Blood 
Glucose Group 

(N=1,452; N=391 
males and N=1,048 

females)

P

Mean (SD) or N (%)

Age, years 40.0 (17.3) 43.0 (17.7) .02a*

Number of daily SSB 4.7 (3.6) 4.8 (3.2) .58a

Family history of diabetes 51 (21.3%) 258 (17.8%) .12b

High BSL 114 (47.7%) 59 (4.1%) <.0001b**

Table 1: Demographics of the fasting and non-fasting blood glucose groups.

aCalculated using independent samples t-test
bCalculated using chi-square test
*P<0.05; **P<0.0001

Non-fasting Blood 
Glucose Group

Fasting Blood 
Glucose Group P

Coffee (n=1,452) 1.9 (1.5) 1.7 (1.3) 0.13

Juice (n=846) 1.3 (1.0) 1.5 (1.2) 0.27

Tea (n=896) 1.2 (1.0) 1.3 (1.3) 0.78

Hot Chocolate (n=1,102) 1.9 (1.4) 2.1 (1.4) 0.06

Soda (n=830) 1.2 (0.9) 1.3 (1.3) 0.29

Table 2: Mean (SD) distribution of SSB consumed per day in the fasting and 
non-fasting blood glucose groups.
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 In regard to gender differences with SSB consumed, females in 
both the fasting and non-fasting blood glucose groups consumed sig-
nificantly more juice and tea than their male counterparts, respective-
ly (p < 0.05) (Table 3).

 Females in the fasting blood glucose group had a mean [SD] of 
1.6 [1.2] of juice per day compared to males 1.0 [0.8]. With respect to 
gender differences and tea consumption among the non-fasting blood 
glucose group, females were 1.3 [1.0] and males were 1.1 [0.9]. 

 Further assessment of SSB consumption patterns showed statisti-
cally significant differences among the age categories of those in the 
non-fasting blood glucose group (Table 4).

 Participants ages 21 to 30 years consumed on average more juice 
(1.5 [1.0], p< 0.01) and hot chocolate (2.1 [1.4], p< 0.05) per day than 
their older and younger counterparts. No other statistical significance 
was reported in the non-fasting and fasting blood glucose groups.

 In Table 5, we explored the differences in SSB consumption and 
BSL (high or not high) for the fasting and non-fasting blood glucose 
groups.

 Analysis shows that there are statistically significant differences 
in the BSL of participants with fasting blood glucose who consumed 
juice or hot chocolate regularly (p< 0.05). Among the fasting blood 
glucose group with high BSL, 1.2 [0.8] drinks of juice were consumed 
daily compared to 1.7 [1.4] of those with not high BSL. Regarding hot 
chocolate intake, 1.9 [1.4] were reported by participants with high 
BSL and 2.4 [1.3] by those with not high BSL. Therefore, those in the 
fasting blood glucose group who consumed more juice or hot choco-
late had lower BSL than their counterparts. In regard to the remaining 
SSB, no other statistical significance was found in either group.

Associations between SSB and BSL
 Table 6 shows the unadjusted and adjusted associations between 
daily SSB consumption and BSL in the fasting and non-fasting blood 
glucose groups. No statistically significant associations were found 
between the consumption of SSB and BSL in either group.

Non-fasting Blood 
Glucose Group

Fasting 
Blood Glu-
cose Group

Males Females P Males Females

Coffee 2.0 (1.5) 1.8 (1.5) 0.07 1.8 (1.1) 1.7 (1.3)

Juice 1.2 (1.0) 1.4 (1.0) 0.08 1.0 (0.8) 1.6 (1.2)

Tea 1.1 (0.9) 1.3 (1.0) 0.01* 1.0 (0.8) 1.4 (1.5)

Hot Chocolate 1.9 (1.8) 1.9 (1.3) 0.91 2.3 (1.5) 2.1 (1.3)

Soda 1.2 (0.9) 1.2 (0.9) 0.85 1.3 (1.1) 1.4 (1.4)

Table 3: Gender differences and the mean (SD) distribution of SSB consumed per day 
among the fasting and non-fasting blood glucose groups.

*P<0.05
Non-fasting blood glucose group (coffee n=1,248, juice n=737, tea n=773, hot choco-
late n= 948, soda n=718)
Fasting blood glucose group (coffee n=195, juice n=103, tea n=113, hot chocolate 
n=145, soda n=106)

Non-fasting Blood Glucose 
Group Under 20 21-30 31-40 41-50 51-60 61+ P

Coffee 1.7 (1.6) (n=140) 1.8 (1.2) (n=193) 2.0 (1.9) (n=263) 2.0 (1.5) (n=260) 2.0 (1.5) (n=187) 1.8 (1.4) (n=217) .09

Juice 1.4 (1.1) (n=93) 1.5 (1.0) (n=124) 1.3 (1.0) (n=150) 1.0 (0.8) (n=132) 1.2 (0.9) (n=115) 1.3 (1.0) (n=129) <.01**

Tea 0.9 (1.1) (n=74) 1.4 (1.1) (n=128) 1.5 (1.0) (n=166) 1.2 (1.0) (n=153) 1.2 (0.8) (n=114) 1.3 (1.0) (n=147) .08

Chocolate 1.6 (1.0) (n=105) 2.1 (1.4) (n=141) 2.1 (1.3) (n=207) 2.0 (1.6) (n=202) 1.9 (1.6) (n=145) 1.6 (1.5) (n=157) .02*

Soda 1.2(1.0) (n=89) 1.2 (1.1) (n=98) 1.3 (0.9) (n=148) 1.2 (0.9) (n=147) 1.2 (0.6) (n=112) 1.2 (0.8) (n=130) .87

Fasting Blood Glucose Group

Coffee 1.3 (1.0) (n=26) 1.8 (1.3) (n=43) 2.0 (1.7) (n=41) 1.7 (1.1) (n=36) 2.0 (1.1) (n=22) 1.6 (0.9) (n=28) .30

Juice 1.5 (0.8) (n=11) 1.6 (1.6) (n=25) 1.8 (1.3) (n=27) 1.2 (0.7) (n=15) 1.1 (0.7) (n=11) 1.0 (0.6) (n=14) .30

Tea 1.2 (1.2) (n=16) 1.1 (1.3) (n=15) 1.4 (1.9) (n=29) 1.0 (0.7) (n=27) 1.6 (1.3) (n=14) 1.3 (0.7) (n=13) .72

Chocolate 2.2 (1.0) (n=16) 2.2 (1.2) (n=30) 2.6 (1.9) (n=34) 1.6 (0.9) (n=31) 2.2 (1.0) (n=12) 2.2 (1.4) (n=22) .11

Soda 1.8 (1.7) (n=10) 1.2 (1.0) (n=19) 1.6 (2.0) (n=25) 1.0 (0.7) (n=24) 0.7 (0.4) (n=13) 1.6 (1.3) (n=15) .18

Non-fasting Blood Glucose Group Fasting Blood Glucose Group

Not High BSL High BSL P Not High BSL High BSL P

Coffee 1.9 (1.5) 1.7 (1.3) 0.34 1.7 (1.0) 1.8 (1.0) 0.86

Juice 1.3 (1.0) 1.3 (0.8) 0.87 1.7 (1.4) 1.2 (0.8) 0.04*

Tea 1.2 (1.0) 1.4 (0.9) 0.18 1.2 (1.0) 1.3 (1.5) 0.76

Chocolate 1.9 (1.8) 2.1 (1.6) 0.48 2.4 (1.3) 1.9 (1.4) 0.03*

Soda 1.2 (0.9) 1.2 (0.9) 0.81 1.6 (1.2) 1.2 (1.4) 0.13

Table 4: Gender differences and the mean (SD) distribution of SSB consumed per day among the fasting and non-fasting blood glucose groups.

Note: P-values derived from one-way ANOVA
*P<0.05; **P<0.01

Table 5: Differences in BSL and the mean (SD) distribution of SSB consumed per day in the fasting and non-fasting blood glucose groups.

*P<0.05
Non-fasting blood glucose group (coffee n=1,260, juice n=743, tea n=782, hot chocolate n= 957, soda n=724)
Fasting blood glucose group (coffee n=196, juice n=103, tea n=114, hot chocolate n=145, soda n=106)
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Discussion
 The results of the present study suggest that the population of rural 
Panama consume on average more SSB daily compared to those in the 
Caribbean who drink 3.0 servings of SSB per day [8]. Our findings 
show that among the fasting and non-fasting blood glucose groups, 
the most commonly consumed SSBs were coffee and hot chocolate. 
A possible explanation for the increased consumption of SSB in this 
population may be the replacement of plain drinking water, which 
is noted to be contaminated and unhealthy for individuals living in 
the remote rural areas of Panama [16]. A look at SSB consumption 
patterns based on gender also show that female participants con-
sumed significantly more juice (fasting blood glucose group) or tea 
(non-fasting blood glucose group) than their male counterparts. It has 
been reported that, globally, women, in particular those between 20 to 
39 years old, drink more juice compared to men, which supports our 
findings. The juice consumed by women in our study was on average 
1.6 servings/day, which is ten-fold higher than the global average of 
juice consumed by adults (0.16 servings/day).With respect to SSB 
consumption and age, we found that participants of the non-fasting 
blood glucose group who were 21 to 30 years old preferred and con-
sumed significantly more juice and hot chocolate compared to any 
other age group.

 Other differences we found pertain tojuice and hot chocolate 
consumption and fasting BSL. Among the participants of the fasting 
blood glucose group, those who consumed significantly more juice or 
hot chocolate had lower or normal BSL. These results may suggest 
a potential “protective effect” of juice and hot chocolate in regard to 
the hepatic glucose production, which is responsible for fasting blood 
glucose levels. Several reports indicate the negative impact of juices 
with respect to metabolic changes and the increased risk of diabe-
tes and/or weight gain [7,8]. However, literature shows that juices, 
made of 100% fruit, can offer vitamins (e.g., A and C), minerals (e.g., 
Mg, Ca2+), flavonoids, carotenoids, and bioactive ingredients.When 
drunk in moderation, juices may serve as a significant source of nu-
trients[8].Another study suggests that the risk for diabetes may not be 
related to juices (e.g., grapefruit and orange)that are taken with meals 
[17]. Regarding hot chocolate, there are reports of health-promoting 
properties found in cocoa and chocolate products, such as minerals 
(i.e., Mg) and antioxidants (i.e., procyanidins, catechin, epicatechin), 
which may explain their cardio-metabolic benefits [18,19]. For exam-
ple, Kuna Indians, who live on the offshore islands of Panama, con-
sume cocoa (over five cups)regularly and reportedly have a lower risk 
of mortality from diabetes compared to those living on the mainland. 
In contrast to other SSB, the smell or taste of chocolate can have an 
appetite-suppressive role, which may describe the beneficial effect on 
the BSL. Although literature supports the notion that SSB consump-
tion increases the risk of metabolic syndrome and T2DM, our study 
showed no significant relationship between SSB consumption and 
BSL conducive to pre-diabetes and diabetes. This finding suggests 
that the high prevalence of juice and hot chocolate consumed by our 
study participants may have beneficial metabolic effects. 

 With respect to SSB consumption and BSL, we did not see any 
significant association in either the fasting or non-fasting blood glu-
cose groups. This outcome supports previous studies which found 
that drinking tea or coffee did not influence the mean glycaemic in-
dex, and an increase intake of coffee was related to a reduced risk 
for diabetes in adults [20,21]. Additionally, SSB, in particular so-
das, are considered to have amoderate glycaemic index, however, if 
they are drunk in greater amounts, they can increase the glycaemic 
load. Among our study participants, soda intake was the lowest for 
both males and females in the fasting and non-fasting blood glucose 
groups. These findings confirm the notion that consuming certain 
SSB may not negatively influence the BSL. Nonetheless, our data 
warrants further exploration as to whether or not SSB consumption is 
a risk factor for T2DM in this specific population.

 Our study presents several strengths. We focused on a marginal-
ized population of rural Panama where there is limited information 
regarding SSB consumption and its implications, particularly T2DM 
and associated risk factors. Secondly, we reported patterns of SSB 
consumption based on gender and age differences and explored the 
association between SSB intake and the risk of pre-diabetes and dia-
betes. Furthermore, we note that not all SSB are the same and some of 
them (i.e., juice and hot chocolate) may have health benefits in regard 
to diabetes and its co-morbidities. Lastly, our study supports more 
recent literature, which shows that the association between SSB (e.g., 
fruit juice) and metabolic changes is more complex than originally 
thought and additional research is required. Despite these strengths, 
our study did encounter some limitations. First, due to the sample 
selection criteria, we had an unequal distribution of fasting and 
non-fasting blood glucose groups, particularly with respect to gender 
and age; a majority of the participants were identified as non-fasting. 
In addition, because the study was performed with a marginalized 
population in rural Panama, generalize ability may be limited. Sec-
ond, our study entailed one-on-one interviews, which may be prone to 
recall bias; however, we do not expect to see more than that reported 
in the general population. Third, we did not explore other modifiable 
and non-modifiable risk factors that may play a confounding role in 
the development of pre-diabetes and diabetes. 

 For future research, a 24-hour dietary recall, food frequency ques-
tionnaire, and/or weekly food consumption logs may be beneficial 
and provide more information. Identifying modifiable and non-mod-
ifiable risk factors associated with diabetes can also aid in the design 
and implementation of tailored healthcare interventions. For exam-
ple, Pima Indians, who have the greatest prevalence of diabetes doc-
umented worldwide, are also known to have a genetic predisposition 
for T2DM. Analysis suggests that certain genes may play a signifi-
cant role regarding the susceptibility to develop T2DM, particularly 
in the presence of unhealthy lifestyle changes [22]. While there is 
much research to be done, it is important to note that certain popula-
tions are more at risk for diabetes than other populations and diabetic 
 

UOR (95%CI) P AOR (95%CI) P

Fasting Blood Glucose Group (n=239) 1.0 (0.9-1.1) .62 1.0 (1.0-1.1) .47

Non-Fasting Blood Glucose Group (n=1,452) 1.0 (0.9-1.1) .44 1.0 (0.9-1.1) .72 

Table 6: Unadjusted odds ratios (UOR) and adjusted odds ratios (AOR) for the association between SSB consumed per day and BSL in the fasting and non-fasting blood glucose 
groups.

Note: AOR is adjusted for age and family history of diabetes
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risk factors are not one-size-fits-all. Though this study has focused 
on one homogenous ethnicity in one Panamanian region, this popu-
lation does share some similarities with other populations throughout 
Central and South America, including other continents. Therefore, the 
results of future studies in Panama have implications for re-prioritiza-
tion of parallel studies or interventions across the globe.

Conclusion
 Our study showed that the population of rural Panama has a high 
consumption of SSB, which may have a limited role on the high prev-
alence of diabetes reported in this population. Overall, this study has 
shown that the current understanding of diabetes risk factors may not 
hold strong in every population around the world.  More research, 
through RCT, is needed in order to better understand the role of diet 
and other modifiable risk factors for developing metabolic syndrome 
and diabetes. Furthermore, the protective role and health benefits of 
certain SSB, including the quantity and timing of their consumption, 
should be explored. It is imperative that healthcare interventions 
and resources are being used as efficiently as possible, especially in 
low-resource settings. Identification of essential diabetic risk factors 
in selected high-risk populations can help to prioritize individualized 
healthcare interventions to have the maximum possible impact and 
benefit. Additionally, since incentives are known to influence be-
havioural changes, it is also important to take this into consideration 
when designing health interventions.
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