
INTRODUCTION

Diabetes Mellitus (DM) is an increasingly prevalent worldwide 
health condition whereby 425 million people are estimated to be living 
with DM in 2017 alone. This figure is predicted to rise to 629 million by 
2045. DM is a metabolic condition characterized by elevated blood glu-
cose levels. It can be classified into two main types such being T1DM 
and T2DM, where T2DM accounts for the majority (> 85 per cent) of 
the overall global prevalence1,2). 

Diagnosis of DM is based on high blood glucose levels, which can 
be determined by measuring venous plasma glucose levels, the gold 
standard and capillary blood glucose test commonly used in self-moni-

toring2). Glycated haemoglobin (HbA1c) levels are also an important 
diagnostic tool. It represents the average blood glucose control over the 
past 2-3 months, without the influence of fasting or recent food intake3,4). 
Meticulously controlling blood glucose levels within an optimal range is 
a key factor in managing DM, which is done by self-monitoring daily 
blood glucose levels and medications. Treatment can be divided into 
non-pha rmaco log ica l and pha rmaco log ica l t he rapy. Non-
pharmacological therapies are lifestyle modifications, namely maintain-
ing a healthy diet, increasing physical activities and managing stress. 
Next, pharmacological treatments include oral antihyperglycemic agents 
and injectable insulin therapy. Oral agents like Metformin and 
Sulfonylureas still require minimal insulin secretion by the pancreas. 
Yet, in advanced DM patients with zero insulin secretion, patients must 
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be administered injectable insulin as a replacement. The goal of the 
treatment is to prevent complications and improve the patient's quality 
of life5,6). 

Proper DM management is crucial in preventing an individual from 
developing DM related complications. Complications of DM are broad-
ly categorized into microvascular and macrovascular. The microvascular 
complication affects the peripheral nerves, retina and kidneys, whereas 
the macrovascular complications affect the heart, brain and peripheral 
vessels7). Studies have shown that those with DM are at two to three 
times higher risk for myocardial infarction and stroke than non-diabet-
ics8). Besides vascular complications, insulin deficiency and count-
er-hormonal excess can also cause acute metabolic complications, 
namely diabetic ketoacidosis, hyperglycemic hyperosmolar non-ketotic 
state, lactic acidosis and hypoglycemia. These conditions arise from a 
hormonal imbalance of low circulating insulin and high glucagon, corti-
sol and adrenaline that increases the morbidity and mortality rates in 
DM patients9). 

Studies have shown that metabolic alterations in DM exhibit a nota-
ble impact on resting metabolic rate (RMR). RMR is defined as the 
energy needed by the body in a resting condition. Furthermore, RMR is 
the total energy spent when an individual is in a post-absorptive, ther-
moneutral and awake state while not being involved in physical exercis-
es for typically 12 hours10). RMR is associated with various factors such 
as age, gender, race, genetics, weight, body composition, heart rate and 
menstrual cycle. Previous studies proved that DM patients have higher 
RMR than non-diabetic patients. Studies also show that men’s RMR is 
approximately 5-10% higher than women's even if they are of the same 
height and weight11,12). The gold standard for measuring RMR is indirect 
calorimetry, which measures oxygen utilization (VO2) and carbon diox-
ide output (VCO2) to calculate the caloric burning rate12). 

Recent studies have shown that low RMR is related to the genetic 
factor of heritability. Few studies have examined the genetic architec-
ture of energy expenditure. It is tested to be related to the obesity pheno-
type in humans, which causes insulin resistance and its related compli-
cations in DM13). There are also studies stating RMR is associated with 
DM related complications and management14). 

There are contradicting views and dearth of information on 
advanced understanding of RMR in DM and its relation to DM compli-
cations in the existing literature. So, we have designed this study to pro-
vide comprehensive information on current knowledge, which will be 
helpful for the researchers and policymakers to plan and implement pre-
ventive measures.

MATERIALS  AND  METHODS

Literature Search 
Relevant articles regarding RMR in DM and its related complica-

tions were identified through online databases such as Google Scholar, 
PubMed, Elsevier, Cochrane and DOAJ. The articles were published 
from 2011 to 2021. Keywords such as "resting metabolic rate", "basal 
metabolic rate", "diabetes mellitus", "type 2 diabetes", "resting energy 
expenditure" and "complications" were used. Filters were then added to 
narrow the search results, such as publication year from 2011-2021, 
"free full text", and "research articles". The searches yielded 835 arti-
cles.

Study Selection and Eligibility Criteria
After removing the duplicates, the relevant articles were selected in 

three phases. In the first two phases, the titles and abstracts of the arti-

cles were screened and irrelevant papers were excluded. Whereas in the 
third phase, the full text of recruited articles was explored thoroughly to 
choose only the relevant articles. The screening was all done manually. 

Studies were included if they met these inclusion criteria: Studies 
that relate to Resting Metabolic Rate and Diabetes Mellitus and/or its 
related Complications; English language; Free full-text articles consid-
ered from the year 2011 to 2021. Review articles, thesis and book chap-
ters were excluded. The papers were firstly evaluated on their abstracts, 
and 524 were excluded.

Data Extraction and Abstraction
The required information that was obtained from all eligible articles 

are: -

(a) General characteristics of the study - First author's name, publi-
cation year, study design and study population.

(b) Characteristics of the study - The strength and weaknesses of 
the study in relation to the topic.

(c) Type of methods/tools used to assess RMR, DM complications 
and Glycemic level.

The selection process of our literature review is presented through a 
Prisma Diagram in Figure 1.

RESULTS 

Figure 1

 STUDY TOPIC STUDY FINDINGS LIMITATIONS REPORTED

1 Miyake et al.  Obese Japanese adults with Type 2  The study reports that obese Japanese patients Some limitations of the study were that the study 
 (2011)15 Diabetes have a higher Basal  with T2DM have a higher Basal Metabolic  sample size was small, and the participants were 
  Metabolic Rate than non-diabetic  Rate (BMR) compared to obese Japanese  on different diabetes treatment regimes. Next, the 
  adults patients without T2DM, after adjusting for  value of BMR used in the study was derived from 
    fat-free mass, fat mass, age and gender.  predictive equations; hence there may be some  
    degree of prediction error in the clinical setting.

2 Alawad et al.  Resting metabolic rate in obese  The study states that RMR is significantly  One of the major limitations of this study was 
 (2013)12 diabetic and obese non-diabetic  higher in obese patients with T2DM than in  matching cases and controls with factors of recall 
  subjects and its relation to  obese normal participants, especially those  bias such as age, residence and physical activity. 
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  glycemic control with poor glycemic control.  Next, there was also a non-compliance with dia-
    betic medication among one-third of the diabetic  
    participants.

3 Buscemi et al.  Resting energy expenditure in type  The study reported a higher significant  Some limitations of the study are that the sample 
 (2014)16 2 diabetic patients and the effect  Resting energy expenditure (REE) in patients  size was small, leading to inadequate analysis of 
  of insulin bolus with untreated T2DM than in normal  the variables of age, gender, fat-free mass (FFM) 
   individuals when adjusted for fat-free mass and fasting plasma glucose (FPG). Next, the 
   (FFM). researchers did not measure hepatic glucose output 
    or glucagon concentrations, thus making the effect  
    of neoglucogenesis on REE is unknown.

4 K Ucok et al.  Do patients with newly diagnosed  The study reported no significant difference in  One limitation reported was the Astrand exercise 
 (2015)17 type 2 diabetes have impaired  RMR for newly diagnosed untreated diabetic  test used for the type 2 diabetes patients in this 
  physical fitness and energy  patients compared to the control group of  study lacked validity.
  expenditures? healthy patients. There were no significant 
   differences between RMR in male and female 
   newly diagnosed untreated diabetic patients. 

5 Sasongko et al.  Estimated Resting Metabolic Rate  The study reports a positive correlation  Some limitations of the study were using a 
 (2018)18 and Body Composition Measures  between RMR and the severity of diabetic  cross-sectional design which restricted the time to 
  Are Strongly Associated with  retinopathy in patients with T2DM. There was  speculate the predictor and outcomes. Next, two-
  Diabetic Retinopathy (DR) in  also a strong association between body  field fundus photographs are less sensitive than 
  Indonesian Adults with Type 2  composition parameters, RMR, and severity  seven-field retinal photographs used in large trials. 
  Diabetes of diabetic retinopathy. Besides that, the value of RMR used in the study 
    was predicted values explicitly designed for the  
    European population; thus, the degree of unreli- 
    ability in the Asian population is unknown. Lastly,  
    the study used a simplified bioimpedance analysis  
    (BIA) to measure body composition, which is not  
    a gold standard. However, this method has been  
    proven to be reliable and accurate when compared  
    with standard practices.

6 Eto et al.  Assessment of resting energy  The study reported an increase in REE in all  The limitations of this study were that the data 
 (2018)19 expenditure (REE) and body  groups during the third trimester of pregnancy. used was taken from a single medical facility in 
  composition in Japanese pregnant  The groups without diabetes and poorly  Japan, and only a small number of diabetic 
  women with diabetes. controlled diabetes reported a significant  patients were included. Besides that, the research-
   increase in REE during the third trimester of  ers could not precisely evaluate the REE of the 
   pregnancy, while the diabetic group with good  participants because the data for the dietary energy 
   glycemic control reported an increase in REE;  intake of the participants were unavailable.
   however, the results were insignificant. 
   Nevertheless, REE of normal or underweight 
   pregnant diabetic women with good glycemic 
   control was significantly increased. 

7 Risa Ide et al.  Low resting energy expenditure in  This study reports a lower measured REE  Some limitations of this study were the small sam-
 (2019)20 postmenopausal Japanese women  among Japanese patients with T2DM than  ple size used in the cross-sectional study, which 
  with type 2 diabetes mellitus predicted REE values. Besides that, female  cannot be accountable for a larger population. The 
   Japanese patients with T2DM had a lower  participants recruited for the study were taken 
   REE than their male counterparts. Females  from a single medical facility.
   above the age of 50 reported the lowest REE 
   values compared to the other groups. 

8 Gundmi et al.  Screening for basal metabolic rate  The study reported a negative correlation  One of the limitations of this study is that it can-
 (2019)21 and visceral fat among  between BMR and duration of menopause in  not be generalized to a large population due to its 
  postmenopausal osteoporosis with  postmenopausal women with T2DM. The  small sample size. Next, BMR values used in this 
  type 2 diabetes mellitus study also reported a positive correlation  study were predicted from equations rather than 
   between BMR and visceral fat. measured directly using calorimetry.

9 Morino et al.  Total energy expenditure (TEE) is  The study reported that the BMR for patients  Some of the limitations reported in this study were 
 (2019)22 comparable between patients with  with diabetes were slightly higher compared  the small number of participants. Next, selection 
  and without diabetes mellitus:  to those without diabetes. BMR in a patient  bias only included patients aged 60-79 years old 
  Clinical Evaluation of Energy  with diabetes was also consistently higher  without extremities in their BMI. The body com-
  Requirements in Patients with  even after matching age, sex, HbA1c levels  position and TEE were measured with bioelectri-
  Diabetes Mellitus (CLEVER-DM)  and fasting glucose levels for both study  cal impedance, which may not provide accurate 
  Study groups. The study also reported that diabetic  outcomes. Besides that, the non-diabetic group of 
   patients on insulin and oral anti-diabetic  participants recruited were outpatients who visited 
   medications had higher BMR levels compared  the same hospital regularly, and there is a high 
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DISCUSSION

This review included 11 articles in which the influence of RMR in 
DM was evaluated. The majority (8/11) of the papers reported higher 
RMR levels in diabetic patients compared to normal individuals. It is 
well-known that systemic parameters, BMI, blood glucose levels, insu-
lin resistance, and obesity indicated by body composition are determi-
nants of the state and progression of diabetes. However, there are no 
significant predictors to determine the metabolic condition of an indi-
vidual with diabetes. A study by Sasongko et al. (2018) suggests that the 
changes in RMR are positively correlated to the increase in blood glu-
cose and body composition measures such as BMI, waist circumference 
and visceral fat levels, which may reflect the metabolic state of diabetes. 

Conversely, there are no significant changes in RMR in pre-diabetic 
or newly diagnosed diabetic patients compared to normal individuals, as 
reported by Miyake et al. (2011) and K.Ucok et al. (2015). This sug-
gests that the higher RMR in T2DM patients are caused by metabolic 
changes that happen with the progression of diabetes. This is consistent 
with the findings from Sasongko et al. (2018), which state that the pro-
gressive deterioration of metabolic state in diabetic patients influences 
the changes in RMR. It is well-known that long-standing diabetes, blood 
pressure and cholesterol levels are risk factors for developing complica-
tions. However, a notable finding from Sasongko et al. (2018), suggests 
that changes in RMR have a more significant effect on the progression 
of diabetic retinopathy compared to systemic parameters among T2DM 
patients in Indonesia. The study reported a positive correlation between 
RMR and the severity of diabetic retinopathy in patients with T2DM in 
Indonesia. 

Nevertheless, evidence shows that hormonal changes during preg-
nancy and menopause influence the variation in RMR of T2DM 
patients. A study conducted in Japan by Eto et al. (2018) reported an 
increase in RMR in all study groups during the third trimester of preg-
nancy. This is because energy demands in the first and second trimesters 
do not change but increase gradually from the third trimester until 
labour. The RMR of pregnant T2DM patients with good glycemic con-
trol was lower than those with poor control. However, the study by Eto 
et al. (2018) did not further explore the relationship between RMR and 
glycemic control in pregnant T2DM patients. Next, a study conducted 
by Risa Ide et al. (2019) and Gundmi et al. (2019) found RMR to be 
lower among postmenopausal women with T2DM. As menopause 
increases, there are changes in fat deposition, hormonal changes, altered 
metabolism, and bone turnover, which leads to a decrease in RMR. 

Obese patients with T2DM tend to have higher RMR compared to 
obese individuals without T2DM as shown in Miyake et al. (2011), 
Alawad et al. (2013), and Sampath et al. (2019) and Manzoni et al. 
(2020). Obese individuals tend to have elevated free fatty acids(FFA) 
released from increased fat mass.25 Several mechanisms have been pro-
posed by Miyake et al. (2011), Alawad et al. (2013) and Sampath et al. 

(2019), and they stated that increased free fatty acid levels in obese dia-
betic patients lead to excessive gluconeogenesis, glycogenolysis, protein 
turnover and sympathetic nervous system activity which in turn, 
increases RMR. This is concordant with the positive correlation 
between visceral fat levels and RMR in obese diabetic patients in a 
study done by Sampath et al. (2019). Although these studies showed 
significant results, some limitations may pose a problem if this study 
was to be replicated in a larger population setting. These limitations 
include small sample size, the difference and non-compliance to treat-
ment regimens and the unavailability of gold standard measurement 
tools. 

Fasting plasma glucose (FPG) levels among diabetic patients also 
play an essential role in increasing RMR. A study conducted by 
Buscemi et al. (2014) found a significant correlation between RMR and 
FPG and not glycated haemoglobin levels, which is the prime measure-
ment of diabetic control. Obese diabetic patients with poor glycemic 
control (FPG levels > 180 mg/dL) gravitate toward higher levels of 
RMR (Miyake et al. (2011), Alawad et al. (2013)). A decrease in RMR 
was seen in obese patients with good glycemic control, indicated by 
normal glycated haemoglobin levels (Alawad et al. (2013)

As the changes in RMR are determined by FPG and metabolic reac-
tions such as gluconeogenesis, glycogenolysis and protein turnover, 
methods of treatment using insulin and glucagon therapy are hypothe-
sized to reduce RMR. Buscemi et al. (2014) proposed a theory that insu-
lin and glucagon therapy may suppress metabolic pathways responsible 
for increased RMR. However, a study by Morino et al. (2019) reported 
an increase in RMR in diabetic patients on oral anti-diabetic medication 
and insulin therapy compared to diabetic patients on specialized diets 
and non-diabetics. However, the results are not significant due to the 
small sample size and selection bias of including only T2DM patients 
aged 60-79 years old without extremities in their BMI.

Despite these findings, a limitation of this study is that all included 
studies measured RMR directly instead; RMR was produced by a predic-
tion equation from body composition. Therefore, a high RMR in the dia-
betic group does not mean that lowering basal metabolism will improve 
diabetes mellitus.

CONCLUSION

In summary, our results show that most articles reported higher 
RMR levels in diabetic patients compared to normal individuals. Few 
studies even reported lower RMRin diabetic patients compared to pre-
dicted RMR. In addition, RMR is correlated well with the severity of 
T2DM -related complications such as retinopathy. This highlights the 
importance of RMR as an additional helpful parameter to predict the 
chances of development of T2DM associated complications in addition 
to existing diagnostic tests. 

Hence , in t roducing measurement of RMR using s imple 

   to diabetic patients with special diets and non- possibility that their medical condition could have 
   diabetic patients.  influenced the outcome of this study. Lastly, the  
    result of this study cannot be generalized as the  
    participants of this study were recruited from a  
    single hospital/area.  

10 Sampath et al.  Correlation between basal  This study reports a positive correlation  One limitation of this study is that it cannot be 
 (2019)23 metabolic rate, visceral fat and  between BMR and visceral fat levels among  generalized to a larger population due to the limit-
  insulin resistance among type 2  insulin-resistant patients with T2DM. BMR  ed sample size and its confined area of study.
  diabetes mellitus with peripheral  levels then decrease by 2-3% per decade after 
  neuropathy 50 years old. 

11 Manzoni et al.  Resting Whole Body Energy  The study reported that obese patients with  One of the limitations of this study was the use of 
 (2020)24 Metabolism in Class 3 Obesity;  T2DM have higher REE than insulin-sensitive  a BIA scan that is not sensitive to estimate fat-free 
  from Preserved Insulin Sensitivity  and insulin-resistant obese individuals.  mass. The gold standard to measure body compo-
  to Overt Type 2 Diabetes  sition, the DXA scan, was avoided because of the 
    high BMI of study subjects, which did not allow 
    for a single scan assessment with low x-ray expo- 
    sition. Next, physical activity and eating  
    behaviour was noted based on a questionnaire, but  
    quantitative data on the subject's diet composition  
    was not obtained.
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Bioelectrical Impedance Analyzers (BIA) in diabetic clinics can aid as 
an easy and inexpensive screening method to detect the risk of diabetic 
complications in uncomplicated T2DM patients. This is mainly helpful 
in places lacking resources for systemic screening to identify the high-
risk individuals and selectively refer them to higher centres.  
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