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Younger and adults tend to consume energy drinks due to the benefit received 
as promoted by the manufacturer. This retrospective, cross-sectional study 
aimed to investigate factors associated with energy-drink consumption in a 
group of construction workers in Indonesia. Literate construction workers who 
have consumed any brand of energy drink at least once per week were recruited. 
Demographic data and health literacy were self-reported. The short version of 
the test functional health literacy for adults (S-TOFHLA) tool was used to 
examine health literacy. Kidney function was determined by an estimated 
glomerulus filtration rate (EGFR). An average EGFR of 83.76 mL/min/1.73 m2 

was retrieved from 114 participants. Health literacy (p=.016), pre-existing 
disease (p=.001), and intensity (p=.029) showed a significant difference with 
decreased kidney function. Age of the first-time experiencing energy drinks (r=-
0.260) and pre-existing disease (r=-0.282) showed negative significance 
correlations (p=<.001) with kidney function.  A family history of comorbidity 
(ß=-0.213), (p=.023), 95% CI (-6.697－-1.286), was a predictor of lowering 

kidney function among construction workers with extended ingestion of energy 
drinks. This study emphasizes the importance of elevating public awareness of 
possible dangers caused by extending the ingestion of energy drinks on the 
kidney. 
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1   Introduction 
 

Energy drinks are trending among young people and adults due to the benefits received as promoted by the 
manufacturers. Till now, Asian countries including Indonesia, Thailand and India have been a market target of 
international energy drink brands (Bull, 2019).  The impacts of ingesting energy drinks on general health have 
been massively discussed (Breda et al., 2014; Higgins et al., 2018) as well as a review on the dangers of energy 
drinks on the kidney (Ngo, 2014). Nephrotoxicity was one of the major reasons for adverse kidney function 
among adults with excessive ingestion of energy drinks. Concerning the growing evidence for ingesting energy 
drinks among adults and the nephrotoxicity effect, Indonesia with a population density ages ranging from 15 to 
64-year-old (66.7%)(BPS, 2019) has been placed as a potential market for energy drinks (Bull, 2019).  
Therefore, the growing evidence of chronic kidney diseases (CKD) in Indonesia is high. Indonesia Renal Registry 
(IRR) reported a significant increase (7%) in new end-stage renal disease (ESRD) patients during the year 2007 
to 2017. Half of them (52%) were between the age of 25 to 54-year-old (IRR, 2017). 

Nevertheless, to date, there is a lack of studies exploring similar issues in developing countries (Gurley et al., 
2017). Neither, several studies on the impacts of ingesting energy drinks for extended use on the alteration of 
kidney function have been published in the academic database (Kendall et al., 2014; Ragsdale et al., 2010). 
Previous studies investigated the impact of energy drinks on kidney function among healthy educated adults in 
a short time (less than a month) and reported an alteration of kidney function found in the intervention group 
(Kendall et al., 2014; Ragsdale et al., 2010). Another six case studies reported similar issues on the impact of 
ingesting energy drinks on kidney function (Al Yacoub et al., 2020; Bhatt et al., 2014; Greene et al., 2014; Iyer et 
al., 2016; Kelsey et al., 2019; Salanova-Villanueva et al., 2015) and emphasized that energy drinks caused kidney 
failure (Reissig et al., 2009). That evidence left a question on the effect of ingesting energy drinks with variation 
in intensity and duration on the kidney function. 

Concerning ethics, exploring the impact of ingesting energy drinks on a human for extended use might never 
be conducted in the clinical setting. This results in a gap in the body of knowledge. Therefore, the current 
retrospective study aimed to investigate the association between demographics, health literacy, and kidney 
function among construction workers. The level of estimated glomerulus filtration rate (EGFR) referred to the 
kidney function and was used throughout this report. The results might inform interventions necessary to 
enhance public awareness of the adverse effect of energy drinks for extended use on the kidney.  

 
 

2   Materials and Methods 
 

Study design and setting 
 

This study is a retrospective, cross-sectional study. Male worker participants were recruited from government 
bodies with major duties for constructing the public infrastructures in Surabaya city, Indonesia. Inclusion 
criteria were males with the age above 18 years old who consume any brand of energy drinks once per week at 
least for the current 6 months, able to write, read, and speak Bahasa Indonesia, and willing to participate in the 
study were included.  Before collecting data, a research proposal was sent to the Head of 'Bakesbangpol' (United 
Nations and Political Body of Indonesia), an administrative body that issued a regulation for conducting 
research in the community setting. After receiving the approval letter, an administrative letter from 
'Bakesbangpol' was sent to the head of three government bodies which then connected to managers of the 
projects. From five project managers who were separated into five different sites, the common behavior of 
ingesting energy drinks was retrieved. Construction workers reporting cognitive disorders were excluded. 
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Sample size and sampling 
 
G-power software version 3.1.9.2 for sample size was used to calculate the sample of the study participants. 
Within consideration, the statistical test applied in this study was the linear multiple regression, a power 
analysis set with standard alpha (α) level = 0.05, medium effect size = 0.02, a standard power of 0.85, and 12 
predictors.  From this, an f-test was used to estimate the sample size, where the effect size would be aimed at 
increases in R2 or R2 deviation from zero (Faul et al., 2007). An appropriate estimation sample size was 108 
participants.  A convenient sampling of 114 construction workers participated in this study.  
 
Data collection and measurement  
 
Information related to any possible risks before giving spoken and written formal consent to participate in the 
study was delivered. Participants were informed that the result of the blood sample collected to assess the EGFR 
could also be used to have further health assessment related to the kidney at Public Health Center (PHC) or any 
primary care services.  
 
Demographic variables 
 
A self-report questionnaire to collect demographic data was developed in this study. Demographic variables 
included the information on age, level of attained education, family existence: was asked about living 
with/without family members, employment status, monthly income, health insurance, smoking, the age of the 
first time experiencing an energy drink, and the intensity of ingesting per week was measured in "how many 
sachets/bottles/cans of energy drink you consume every week?", duration of ingestion in years by " how many 
months/years you have been ingesting energy drink?", family history of comorbidity, pre-existing disease(s), and 
health-literacy. 
 
Health literacy 
 
The health literacy of participants was assessed using the short test of functional health literacy for adults (S-
TOFHLA) (Baker et al., 1999). The S‐TOFHLA is reading comprehension, which examines basic reading skills 
necessary for effective functioning in a health context (Baker et al., 1999). Each correct answer on the S‐TOFHLA 
was scored with one point while each incorrect answer (or no answer) gets 0 points, for a total possible score 
of 36. Cut-off scores of the S‐TOFHLA were then used to categorize participants into three levels; inadequate 
(total score: 0 to 16), marginal (total score: 17 to 22), and adequate (total score: 23 to 36). Inadequate and 
marginal levels can be merged into poor or limited health literacy (Taylor et al., 2018; Batterham et al., 2016). 
 
Kidney function 
 
The indicator of Kidney function was measured by an EGFR level. Kidney function was estimated using the CKD-
EPI (Chronic Kidney Disease Epidemiology Collaboration) creatinine equation to find the estimated EGFR (NKF, 
2002). Following Indonesia Renal Registry and kidney disease improving global outcome (KDIGO) from 
National Kidney Foundation (NKF), in this study, the EGFR level was grouped into two categories: normal and 
low, where the normal value was defined by the level of EGFR ≤90 mL/min/1.73 m2 (Ahmed et al., 2019; IRR, 
2017; Schmitt et al., 2008).  To measure EGFR, two phlebotomy staff from the Ministry of Health of Republic 
Indonesia's laboratory in Surabaya, measured the body weight and took the blood sample from the brachialis 
vein with vacutainer tubes containing anticoagulant. All the blood samples were directly sent to the laboratory 
to check creatinine and calculate the EGFR level. All data were taken in the morning starting from 06:30 AM to 
8:00 AM before the participants went to the construction project sites 
 
Ethical consideration 
 
This study was approved by the Institutional Review Board with IRB certificate No: 1314-KEPK. All participants 
signed written informed consent to participate in the study. 
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3   Results and Discussions 
 

Demographic and clinical characteristics of participants 
 
Among 114 participants, the average EGFR was 83.76 mL/min/1.73 m2 (SD= 20.64), the age was 35.83 (SD= 
11.12), the age of the first-time experiencing energy drinks was 20.14 years old (SD= 7.61), the level of health 
literacy was poor by average 22.95 (SD= 6.77). The participant who attained 12 years of education was 
dominant (47.37%). Most of the participants reported having health insurance (70.18%) and living without 
family (70.08%) with employment status as a non-civil servant (98.24%). In the majority, participants received 
monthly income below 244.8 USD (88.60%). More than half reported smoking less than or equal to 10 cigarettes 
per day (54.38%) and had a family history of comorbidity (61.40%). More than three-quarters reported no pre-
existing disease (76.32%). Above one-half reported duration of consumption of energy drinks of more than a 
year (58.68%) and over one-third with the intensity of consuming equal to or more than 6 sachets/cans/bottles 
per week (45.5%). A detailed description of demographic characteristics is provided in Table 1. 
 

Table 1  
Demographic and clinical characteristics (n=114) 

 

Characteristics 

Mean (SD) N (%) 

Normal 
Kidney 

Function 

Lowering 
Kidney 

Function 
N (%) N (%) 

EGFR level 83.76(20.64)    
Age (years) 35.83(11.12)    

18-30   23(20.187) 19(16.67) 
41-50   7(6.14) 29(20.14) 
51-60   8(7.02) 15(10.42) 
61-63   ((0,00) 13(11.40) 

     
First-time (years)* 20.14 (7.613)    

≤12    27 (23.68) 41(35.96) 
13-18   4(3.51) 14(9.72) 
≥19   7(6.14) 21(18.42) 

Functional health literacy 22.95 (7.10)    
Low   19(16.67) 43(37.72) 
High   19(16.67) 33(28.95) 

 
Education   

  

Less than 6 years  1(0.88) 1(0.88) 0(0.00) 
6 years   24(21.05) 8(7.02) 16(14.04) 
9 years   30(26.32) 5(4.39) 25(21.93) 
12 years   54(47.37) 21(18.42) 33(28.95) 
College/University  5(4.38) 3(2.63) 2(1.75) 

 
Health insurance   

  

No  34(29.82) 7(6.14) 27(23.68) 
Yes  80(70.18) 31(27.19) 49(42.98) 

 
Family**   

  

No  80(70.08) 19(16.67) 61(53.51) 
Yes   34(0.88) 19(16.67) 15(13.16) 

 
Employment statue   
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Non-civil servant  112(98.24) 36(31.58) 76(66.67) 
Civil servant  2(1.75) 2(1.75) 0(0.00) 

 
Monthly income***   

  

≤ minimum regional 
payment  101(88.60) 

32(28.07) 69(60.53) 

≥ minimum regional 
payment  13(11.40) 

6(5.26) 7(6.14) 

Smoking     
≤10 cigarettes per day  62(54.38) 19(16.67) 43(37.72) 
≥11 cigarettes per day  52(45.61) 19 (16.67) 33(28.95) 

 
Family history of comorbidity   

  

No  44(38.60) 24(21.05) 20(17.54) 
Yes  70(61.40) 14(12.28) 56(49.12) 

Pre-existing disease(s)     
No  87(76.32) 31(27.19) 56(49.12) 
Yes     

Hypertension  14(12.28) 5(4.39) 9(7.89) 
Diabetes mellitus  4(3.50) 0(0.00) 4(3.51) 
Hypertension and  
Diabetes mellitus  2(1.75) 

1(0.88) 1(0.88) 

COPD  5(3.39) 1(0.88) 4(3.51) 
Others  2(1.75) 0(0.00) 2(1.75) 

 
Duration of ingesting energy 
drink (years)   

  

≤ =1  45(39.47) 16(14.04) 29(25.44) 
2-3   9(7.89) 3(2.63) 6(5.23) 
4-5   27(23.69) 9(7.89) 18(15.79) 
≥6   33(28.95) 10(8.77) 23(20.18) 

 
The intensity of ingesting 
energy drinks (week)****   

  

1-2  29(25.44) 11(9.65) 18(15.79) 
3-5  35(30.70) 11(9.65) 24(21.05) 
≥6   50(43.86) 16 (14.04) 34 (29.82) 

*Age at the first-time experiencing energy drink; 
    **Living with/without family  

***Surabaya’s minimum regional payment 2018= USD 244.8  
****Sachet/bottle/can 

 
The difference in kidney function and related variables 
 
11 variables were tested to determine the difference between the two groups; normal kidney and decreased 
kidney function. Variable employment status was excluded since none of the participants (0%) with decreased 
kidney-held civil servants. Among the normal kidney function group, first-time experiencing energy drinks 
showed a significant correlation (p= .035) with normal kidney function while the rest remained significant. In 
another group, the following three variables; health literacy (p=.016), pre-existing disease (p=.001), and 
intensity (p=.029) were significantly different in the group with decreased kidney function (Table 2). 
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Table 2  
The difference in kidney function and related variables (n=114) 

 

 Normal  
Kidney function 

Lowering  
kidney function 

Variable P value P value 
1. First-time  .035d .291c 
2. Health literacy .161b .016a 
3. Education .172d .473c 
4. Health insurance .685b .553a 
5. Family .256b .253a 
6. Monthly income .279b .340a 
7. Smoking .624b .104a 
8. Family history of comorbidity .128b .429a 
9. Pre-existing disease .261d .001c 
10. Duration .479d .080c 
11. Intensity per week .614c .029c 

a T-independent Test 
b Mann Withney U 
c One way Anova 
d Kruskal Wallis 
 

Correlation between demographic characteristics, health literacy, and EGFR 
 
Spearman's correlation shows a significant negative correlation between five inference variables with the 
outcome (Table 3). Variable family (r = -0.200 p =.033), employment statue (r = -0.195 p =.038), first-time 
experiencing energy drink (r = -0.260, p <.001), family history of comorbidity (r = -205, p =.029), pre-existing 
disease (r = -0.278, p < .001), with kidney function. These negative significant correlations underline the longer 
living separated from family, the lesser the civil servant status of employment, the younger age of experiencing 
drinking energy drinks, and the more disease in the family and the personal, associated with the lower EGFR 
level. The correlation matrix of the thirteen variables is shown in Table 3. 
 

Table 3  
Correlation between kidney function and influencing factors (n=114) 

 
  1 2 3 4 5 6 7 8 9 10 11 12 13 
1. Education 1             
2. Family 0.045 1            
3. Employment 

status 
0.238* 0.031 1           

4. Monthly 
income 

0.273** 0.171 
0.372** 

1          

5. Health 
insurance 

0.050 0.162 0.087 0.113 1         

6. Smoking 0.032 0.039 0.012 0.107 0.057 1        
7. First-time  0.135 0.220* 0.071 0.035 0.019 0.122 1       
8. Intensity per 

week 
0.091 0.094 0.141 0.081 0.003 0.014 0.069 1      

9. Duration 0.209* 0.082 0.111 0.372** -0.189* 0.134 0.132 
-

0.275** 
1     

10. Family history 0.036 0.001 -0.031 0.058 -0.162 -0.070 0.029 -0.069 0.183 1    
11. Pre-existing 

disease 
-0.173 0.326** -0.074 0.054 0.054 -0.093 0.364** 0.133 0.025 0.133 1   

12. Health literacy 0.108 0.241** -0.040 -0.002 0.083 0.164 0.124 0.364** 0.109 0.057 0.345* 1  
13. Kidney 

function 
0.158 -0.200* -0.195* 0.047 0.092 -0.043 0.260** -0.152 0.102 -0.205* -0.282** -0.141 1 

**. Correlation is significant at the 0.01 level (2-tailed P <0.01  
*. Correlation is significant at the 0.05 level (2-tailed) P<0.05 
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Hierarchical regression of associated demographic characteristics and health literacy with EGFR 
 

Table 4 shows the hierarchical multilinear regression analysis of the relationship between demographic 
characteristics, health literacy, and kidney function. Eleven demographic variables were entered into the first 
model of the hierarchical regression analysis. Demographic factors explained 24.0% of the variance in kidney 
function (F change = 2.922). In the second model, the health literacy factor was added and individually explained 
0.4 % of the variance in kidney function (F change= 2.715). The first model (ß= -0.217), 95% CI (16.806 － -

1.445), (p= .019) and the second (ß= -0.213), 95%CI (-16.697－ -1.286), (p=.023) summarized a family history 

of comorbidity was the predictor of lowering kidney function among construction workers with extended 
ingestion of energy drinks. 

Table 4  
Predictors of lowering kidney function (n=114) 

 
Model 1  Model 2 

Variabel Beta CI(95%) P value   Beta CI(95%) P 
value 

Education 0.053 (-2.319 － 6.370) .570  Education 0.104 (-2.061 － 6.875) .288 

Family -0.071 (-13.636 － 2.641) .461  Family -0.120 (-13.312 － 3.145) .223 

Employment 
status 

0.134 (-1.847 － 58.682) .169  Employment 
status 

0.173 (-3.519 － 57.581) .082 

Monthly income -0.032 (-13.403 － 12.321) .745  Monthly income -0.011 (-13.596 － 12.199) .915 

Health insurance 0.100 (-6.877 － 9.881) .281  Health insurance 0.040 (-6.654 － 10.203) .677 

Smoking -0.074 (-11,229 － 3.501) .412  Smoking -0.081 (-10.847 － 4.172) .380 

First time  -0.141 (-0,979 － 0.113) .165  First time -0.158 (-0.975 － 0.121) .125 

Intencity  -0.055 (-8.278 －1.124) .556  Intensity  -0.126 (-8.021 － 1.594) .188 

Duration -0.063 (-2.918 － 3.722) .539  Duration -0.029 (-2.863 － 3.801) .781 

Family history of 
comorbidity 

-0.217 (-16.806 － -1.445) .019  Family history of 
comorbidity 

-0.213 (-16.697－ -1.286) .023 

Pre-existing 
disease 

-0.168 (-5.683 － 1.269) .098  Pre-existing 
disease 

-0.107 (-5.453 － 1.789) .318 

    Health-literacy -0.075 (-7.908 － 3.547) .452 

       
R2 0.240    R2  0.244  
Adjusted R2 0.158    Adjusted R2  0.154  
R2 change 0.240    R2 change  0.244  
F change 2.922    F change  2.715  

Significance level P<.05.  

 
Discussion 
 
The prevalence of decreased kidney function in this study was shown by an average result of EGFR at the level 
of 83.76 mL/min/1.73 m2 (SD= 20.64) which was categorized as lowering kidney function below the normal 
level (  mL/min/1.73 m2). Following the NKF (2012), lowering EGFR below the normal level was one of the 
clinical parameters of early-stage CKD. This study found the actual age and the minimum age of the first-time 
experiencing energy drink, emphasising consuming energy drinks among the adult population started when 
they were very young. This phenomenon represents a rapidly expanding segment of the beverage industry and 
successfully created the youth drink culture. These give the fact of the power of an energy drink marketing 
strategies, which have reached participants from a very young age, and being loyal customers when they were 
adults.  

The facts are that a low level of health literacy, pre-existing disease, and intensity of ingestion are likely to 
be more influential in lowering kidney function. Insufficient health literacy is considered a leading factor to 
unhealthy behaviour; ingesting energy drinks for an intense and less aware of the impact on kidney function. 
While this study did not investigate causality whether ingesting energy drinks causes those pre-existing 
diseases, the existing literature reported that extended ingestion of energy drinks among those who reported 
no pre-existing disease has led to massive kidney insufficiency, and end-up with acute kidney failure (Greene et 
al., 2014; Kelsey et al., 2019). It is then reasonable to consider that extended ingestion of energy drinks among 
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adults with pre-existing diseases, for example, hypertension and/or diabetes mellitus, faster the progress of 
decreasing kidney function.  

As summarized in other studies, the issue of whether energy drinks might or might not be banned (Bhatt et 
al., 2014; Stordal et al., 2018), is not a crucial issue to be talked about at the level of policymakers at lower 
economic levels countries.  The working-age populations with low formal level education (less than 12 years) 
tend to have an unprofessional job which is likely to be dependent on physical strength to live a productive life. 
However, the presence of decreasing kidney function might find itself with kidney failure earlier in life, left to 
live in health inequality.  

Construction workers represent a society that looks for extra energy to improve their productivity. 
Therefore, it is reasonable to expect a parallel connection between age, education, employment status, and 
monthly payment received, whereas lower socioeconomic status represents lower education. Furthermore, it 
restricts them from gaining a professional job and from higher payment received. For those with a formal 
education of fewer than 12 years, a very limited job vacancy is offered. It is plausible, among construction 
workers, that they focus on their physical strength, having extra energy enables them to work for extra hours 
and earn extra money.  

In Indonesia, two types of energy drinks are sold in public. The first is a powder packaged in a plastic sachet, 
to be poured or mixed with drinking water or another drink. The second is a water solution packaged in a glass 
bottle or can. Several local brands were selling in sachet packaging at affordable prices. This was a conducive 
environment for construction workers; sachets of energy drink powder mixed with drinking water supported 
their demands for instant energy. This common behaviour might then threaten kidney function. Indeed, 
However, there is little known about clinical studies evaluating the mechanism of CKD caused by frequent 
ingestion of energy drinks (Greene et al., 2014). Hence, there are shreds of evidence reporting that CKD 
awareness remains low among both patients and health professionals (Abraham et al., 2016; van Dipten et al., 
2018).   

Understanding the significant, negative association between family and kidney function, underlines the 
existence of how the family relates to the status of participants as migrant workers. Construction workers 
reported having left their families in rural areas and migrated to an urban area for a job. Less existence of the 
family as a caregiver resulted in less prevention of the severity associated with unhealthy behaviors (Mollica et 
al., 2020). This has also been alarming community nurses and public health officers to substitute the role of 
caregiver, to help this marginal cluster from adverse kidney function (Room et al., 2005; Freedman et al., 2009).  

Of all of the twelve investigated factors, a family history of comorbidity was found as the predictor of 
lowering kidney function among construction workers with extended ingestion of energy drinks. Thomas et al. 
(2015), reported a family history of comorbidity reflects the shared genetic or environmental risk to the 
following generations. For example, at the first diagnosis, an individual with a family history of Diabetes mellitus 
identifies a slight lowering of EGFR below the normal level, later they come up with a higher risk of kidney 
disease. The progress of worsening kidney function among construction workers who have been ingesting 
energy drinks for years might have resulted from a complex process related to individual and environmental 
factors (Nataliia et al., 2021). Current findings add to the body of knowledge whereas the following factors, first, 
family history of comorbidity adds a risk factor in altering kidney function among those with extended ingestion 
of energy drinks. Secondly, individuals with the following characteristics (1) reported a family history of 
comorbidity, (2) one or more pre-existing diseases, (3) higher intensity of ingesting energy drinks, (4) low 
health literacy, (5) living separated from family, and (6) young age of first-time experiencing energy drinks, are 
on the risk of lowering kidney function (Borawski et al., 2003).  

This study has several limitations. These include cross-sectional design, which limits the ability to establish 
a causal relationship between extended ingestion of energy drinks on the lowering of EGFR. Unfortunately, the 
Indonesian version of S-TOFHLA was not available to us at the time of this study. The Indonesian version was 
forward and backwards translated by the first author and a professional translator without piloting. Other 
limitations are the convenience sampling method, which limits the generalization of results, and the possibility 
that construction workers with low literacy levels may be less accurate when conducting the self-report. 
Cofounders in this current study may involve the construction workers' health literacy and its interaction with 
public health services. Further research with more sample sizes in different study settings is needed to be 
conducted and verified by the researchers to gain the generalization. 
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4   Conclusion 
 
In conclusion, energy drink which has been perceived as safe to be regularly ingested needs to be redefined. 
Decreasing kidney function among construction workers emphasizes the urgency of elevating public awareness 
of possible dangers caused by extended ingestion of energy drinks on the kidney. Thus, poor health literacy and 
decreasing kidney function among construction workers are unspoken words asking for help. To a large extent, 
connecting them to health care providers, to slow the progression of the disease as well as to maintain their 
productivity needs to be immediately commenced. 
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