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Abstract

Background Type 2 diabetes mellitus (T2DM) is a globally prevalent disease anticipated to

double from 500 million diagnosed cases in 2021 to more than one billion by 2050. The

investigation of the potentially protective effects of skeletal muscle mass on glucose intolerance

may lead to the development of more precise screening protocols.

Purpose This thesis aimed to address the lack of clear consensus in existing literature by

exploring the relationship between skeletal muscle mass and glucose intolerance.

Methods Fifteen healthy young adults were recruited to partake in a prospective correlational

study. The participants underwent anthropometric measurements and an oral glucose tolerance

test (OGTT). Anthropometric data was collected using an bioelectrical impedance analysis (BIA)

scale. Blood glucose levels were measured using capillary sampling before and after ingestion of

a 75 g/200 mL glucose solution. Statistical analysis included Spearman’s rank correlation test

and Pearson’s correlation coefficient test.

Results All associations between skeletal muscle mass and glucose intolerance were of moderate

strength. Skeletal muscle mass (SMM) correlated significantly with glucose concentrations two

hours (2hPG) following ingestion of the glucose solution and an adjusted measure of SMM was

significantly associated with glucose area under the curve (AUC). Statistical significance was

also found between Sex and incremental glucose area under the curve (iAUC).

Conclusion This thesis suggests an inverse relationship between skeletal muscle mass and

glucose intolerance in a group of healthy young adults. The results imply the potential usefulness

of incorporating muscle mass when determining the glucose load during an OGTT, especially in

preventive contexts. Nevertheless, further research with larger samples is crucial to establish

precise cutoff levels for clinical applications.

Keywords Oral Glucose Tolerance Test, Anthropometric Measurements, Skeletal Muscle Mass, Type 2 Diabetes,

Glucose Intolerance
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Sammanfattning

Bakgrund Typ 2 diabetes mellitus (T2DM) är en global sjukdom och antalet diagnostiserade

individer förväntas fördubblas från 500 miljoner fall 2021 till över en miljard år 2050. En

undersökning av muskelmassans potentiellt skyddande effekt på glukostolerans kan leda till

utvecklandet av noggrannare screeningmetoder.

Syfte Syftet med denna uppsats var att bemöta den bristfälliga konsensus som råder bland

befintlig forskning genom att undersöka sambandet mellan muskelmassa och glukosintolerans.

Metod Femton friska yngre vuxna rekryterades för att delta i en prospektiv korrelationsstudie.

Deltagarna genomgick antropometriska mätningar samt ett oralt glukostoleranstest (OGTT).

Antropometriska värden mättes med hjälp av en bioelektrisk impedansanalysvåg.

Blodglukosnivåer mättes kapillärt före och efter intag av en 75 g/200 mL glukoslösning.

Statistisk analys inkluderade Spearmans rangkorrelationstest och Pearsons

korrelationskoefficientstest.

Resultat Alla samband mellan muskelmassa och glukosintolerans var av måttlig styrka.

Muskelmassa (SMM) korrelerade signifikant med blodglukos två timmar (2hPG) efter intag av

glukoslösningen och ett justerat SMM-mått (adjSMM) var signifikant associerat med arean under

glukoskurvan (AUC). Statistisk signifikans hittades även mellan kön och den inkrementella arean

under glukoskurvan (iAUC).

Slutsats Resultaten från denna uppsats antyder att ett omvänt samband existerar mellan

muskelmassa och glukosintolerans hos en grupp friska yngre vuxna. Resultatet innebär en

potentiell möjlighet att använda muskelmassan vid bestämmandet av mängden glukos som

administreras vid ett OGTT, särskilt i preventiva syften. Ytterligare forskning med fler

studiedeltagare är avgörande för att fastställa exakta gränsvärden för klinisk tillämpning.

Nyckelord Oralt glukostoleranstest, antropometriska mätningar, muskelmassa, typ 2 diabetes, glukosintolerans
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Background

Introduction

Type 2 diabetes mellitus (T2DM) is one of the most widespread diseases globally. The number of

diagnosed individuals is projected to double within the next 30 years, from 500 million in 2021

to more than one billion cases in 2050 (GBD Diabetes Collaborators, 2023). While the condition

negatively impacts morbidity and mortality at the individual level due to macro- and

microvascular sequelae, it also leads to a severe economic burden at the societal level. The

Swedish Institute of Health Economics (Steen Carlsson et al, 2016) approximated that the cost of

pharmaceuticals, hospital care and absence from work totaled nearly 16 billion SEK in 2013 and

estimated it to increase to 21 billion SEK by 2030.

Concerns over the increasing cost and prevalence of T2DM has prompted national health

agencies to promote less resource-heavy interventions such as regular exercise and nutritional

diets, as these have shown to decrease the risk of developing T2DM in both healthy and at-risk

individuals.

Accurate diagnostic measurements are required in order to identify individuals at risk of

developing the disease. Currently, the gold standard method for diagnosing T2DM and

subclinical states is the Oral Glucose Tolerance Test (OGTT). However, the test has been

criticized due to concerns regarding the use of a fixed glucose load, as that may lead to

inaccurate depictions of an individual's susceptibility to T2DM in the event that muscle mass

provides protective effects against glucose intolerance. Hypothetically, due to the glucose storing

capacity of skeletal muscle cells, individuals with identical levels of insulin resistance and beta

cell function but varying muscle mass would receive different results on the OGTT when

administered a fixed glucose load.

Glucose Homeostasis in Healthy Individuals

Glucose homeostasis is a complex physiological process that ensures stable blood glucose levels

crucial for maintaining optimal cellular function. The regulation of glucose is primarily
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orchestrated by the hormones insulin and glucagon, both produced by the pancreas. This

hormonal interplay determines uptake, storage and release of glucose within the body.

The consumption of carbohydrates leads to an increase in blood glucose concentration. In

response, pancreatic beta cells secrete insulin into the bloodstream which then acts as key

facilitator in the homeostatic process, promoting glucose uptake by muscle, liver and fat tissue.

At the cellular level, insulin binds to receptors on target cells, initiating a cascade of events that

culminate in the translocation of glucose transporter proteins, primarily Glucose Transporter 4

(GLUT4), from intracellular vesicles to the cell membrane. GLUT4-mediated glucose transport

across the cell membrane is regarded as facilitated diffusion and does not require use of

Adenosine Triphosphate (ATP) when movement occurs down the concentration gradient. This

mechanism reduces the circulating levels of glucose in the bloodstream and prevents

hyperglycemia (Satoh, 2014).

Conversely, during fasting or the intervals between meals, blood glucose levels tend to decline

and alpha cells of the pancreas secrete glucagon. Its primary effect involves stimulating the

breakdown of glycogen into glucose (glycogenolysis) in the liver and the promotion of

gluconeogenesis (synthesis of glucose from amino acids and glycerol). Cellularly, glucagon

binds to receptors on hepatocytes that triggers cyclic adenosine monophosphate (cycling AMP)

signaling, activating the enzyme protein kinase A (PKA). In turn, PKA phosphorylates enzymes

involved in gluconeogenesis and glycogenolysis, stimulating the release of glucose into the

bloodstream. These mechanisms raise blood glucose levels and counteract hypoglycemia (Klover

and Mooney, 2014). In a fasted state (no caloric intake for at least eight hours), healthy

individuals maintain blood glucose concentrations within a narrow range, typically around

3.9-5.5 mmol/L (70-100 mg/dL) (Röder et al, 2016). Figure 1 (Ajmera et al, 2013) is a model

illustrating the homeostatic regulation of glucose in healthy individuals.
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FIGURE 1. Homeostatic regulation in healthy individuals (Ajmera et al, 2013).

In addition to insulin and glucagon, other hormones such as cortisol, epinephrine and growth

hormone play specific roles in glucose regulation during stressful and fasting conditions. Neural

communication between the brain and peripheral tissues also contributes to maintaining glucose

homeostasis. Figure 2 (Quarta et al, 2023) depicts the physiological effects of these hormones

during post-prandial and fasting states.

FIGURE 2. Physiological effects of hormonal interplay during post-prandial and fasting states (Quarta et al,
2013).
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Pathophysiology and Development of Type 2 Diabetes Mellitus

T2DM is an endocrinological disorder caused by the impaired regulation of blood glucose in an

individual. This condition primarily stems from two issues related to insulin: insulin resistance

and beta cell dysfunction. Insulin resistance occurs when cells in skeletal muscle, liver and

adipose tissues show reduced sensitivity to insulin. The mechanism behind insulin resistance is

still being understood, however, one historical suggestion is that high levels of circulating insulin

downregulates and desensitizes important cell receptors, as it was found that insulin resistance

appears to be causally related to the reduced expression of Insulin Receptor Substrate 2 (IRS2) in

the liver (Gavin et al, 1974). More recent explanations suggest that lipid metabolism play an

important role in the development of insulin resistance and it is proposed that high levels of

circulating insulin may also lead to conditions such as hyperlipidemia (elevated lipid levels in the

blood), increased levels of visceral fat and the development of liver diseases such as

Non-Alcoholic Fatty Liver Disease (NAFLD). These conditions are related to the buildup of

metabolites such as non-esterified fatty acids, diacylglycerol and ceramides which have the

capacity to activate protein kinase C (PKC) enzymes that catalyzes serine/threonine

phosphorylation of signaling proteins such as Insulin Receptor Substrate 1 (IRS1) (White and

Kahn). In experiments involving knockout mice, suppression of IRS1 and IRS2 leads to diabetic

phenotypes (Lin et al, 2004).

Resistance to insulin will require pancreatic beta cells to work harder to secrete more insulin in

the initial stages of the disease. However, over time, the insulin secreted is unable to compensate

for the declining insulin sensitivity. Consequently, beta cells deteriorate, ultimately resulting in

inadequate insulin production followed by chronically elevated blood glucose concentrations

(Banday et al, 2020). The model in Figure 3 (Ajmera et al, 2013) illustrates how glucose

homeostasis is disrupted in diabetic individuals.
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FIGURE 3. Glucose homeostasis in individuals with T2DM (Ajmera et al, 2013).

Progression and Prevention of Type 2 Diabetes

T2DM develops slowly and often shows no noticeable symptoms until beta cells have started to

deteriorate (Banday et al, 2020). Tabak et al (2009) conducted a retrospective study and

examined the insulin and blood glucose concentrations of individuals who would eventually be

diagnosed with T2DM to gain insights into the developmental stages of the disease and timing of

specific physiological changes. They found that insulin sensitivity and beta cell function began to

decrease several years prior to the individual passing the current diagnostic threshold for T2DM.

In a similar study using a Swedish cohort, Malmström et al (2018) found elevated levels of

fasting glucose concentrations 20 years prior to diagnosis, prompting them to suggest that insulin

resistance may be arising decades prior to the diagnosis of T2DM.

Furthermore, research has shown that the progression towards T2DM can be delayed or stopped

with lifestyle interventions including changes to exercise and dietary habits (Hemmingsen et al,

2017). Because of this, the Swedish public health authority (Folkhälsomyndigheten 2023a;

2023b) have made it a priority to identify individuals at risk of developing T2DM and to promote

such risk-reducing behavior and recently several Swedish regions have launched the Riktade

Hälsosamtal program (English: Targeted Health Conversations). In this program, individuals

aged 40 and 50 are invited to answer a range of questions regarding lifestyle and wellbeing
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(Region Skåne, 2023). During these meetings, blood samples are drawn to assess the risk of

developing T2DM based on glucose and lipid markers. Individuals considered at risk are offered

support with the purpose of improving lifestyle behaviors related to diet and exercise.

While several scholars conclude that early identification and intervention is necessary in order to

stop or mitigate the progression of the disease (Malmström et al, 2018; Tabak et al, 2009), other

parts of the scientific community have raised concerns regarding the diagnostic accuracy of

preventative initiatives such as screening (Dickinson et al, 2018; Bagcchi; 2015). The primary

concern has to do with the potential consequences related to the large number of falsely positive

cases that may appear when populations consisting of primarily healthy individuals are tested.

Thus, these authors dismiss the overall usefulness of early identification and question the notion

of screening while calling for more sensitive diagnostic instruments to be developed.

Direct and Indirect Measurements Insulin Resistance

The hyperinsulinemic euglycemic clamp (HEC) technique is regarded as the reference standard

for directly determining insulin sensitivity (the inverse of insulin resistance). In this method,

insulin is infused intravenously while glucose is monitored and administered in order for the

individual to be kept in a normoglycemic state. The level of insulin sensitivity/resistance is

thereafter determined based on the amount of insulin required to maintain glycemic levels within

the normal range relative to the body weight, body size or fat free mass of the individual

undergoing the test (Tam et al, 2012).

The Oral Glucose Tolerance Test (OGTT) is considered the standard method for clinical

diagnosis of T2DM and impaired glucose tolerance (IGT), alongside other measurements such as

Hemoglobin A1c (HbA1c, also referred to as long-term glucose) and fasting plasma glucose

(FPG). In essence, the OGTT is a measure of how effectively an individual is able to clear excess

glucose from the bloodstream and several variations of the test has been developed for different

purposes, including alterations of the glucose dosage (Carpenter and Coustan, 1982) as well as

the frequency (Alyass et al, 2015) and duration of blood sampling (Fiorentino et al, 2018).

However, in the typical, clinically administered OGTT, the individual ingests 75 grams of

glucose after an overnight fast of at least 8 hours. Fasting and 2 hour postload (2hPG) glucose
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concentrations are recorded (Jagannathan et al, 2020). While the OGTT does not measure insulin

resistance directly, its results correlate strongly with that of the HEC technique (Bergman et al,

2020).

In healthy individuals, blood glucose levels will rise immediately culminating in a peak around

30 minutes. Thereafter, a gradual decline ensues typically yielding a 2hPG concentration slightly

higher than the fasting baseline. Individuals with IGT also demonstrate a peak within the two

hour OGTT window although at a higher level than those with normal glucose tolerance (NGT),

however the primary difference being the inability of 2hPG to return to fasting levels. It is more

difficult to discern when blood glucose levels peak in individuals with T2DM as their blood

glucose levels rise continuously throughout the test, only leveling off near the end of the two

hour period. The graph below (Figure 4) shows how blood glucose concentrations change during

an OGTT for individuals with NGT, IGT and T2DM (Ahrén, 2013).

FIGURE 4. OGTT glucose curves for groups with NGT, IGT and T2DM (Ahrén, 2013).

There are several ways to interpret the results of an OGTT. The current diagnostic threshold

using capillary blood sampling is a 2hPG of 8.9 mmol/L for IGT and 12.2 mmol/L for T2DM

(Rosén et al, 2022). Individuals with a 2hPG within the IGT range are considered to be at a
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higher risk of developing T2DM compared to those within the NGT range, however, Tabak et al

(2009) showed that 2hPG is a continuous risk factor and thus a higher 2hPG (still within in the

normal range) implies more glucose intolerance. When assessing T2DM risk in individuals with

NGT, it is common to also calculate the glucose area under the curve (AUC) as well as the

incremental glucose area under the curve (iAUC). Although these measurements require

additional blood samples to be calculated, they provide results that contain strong predictive

abilities for T2DM (Sakaguchi 2016; Alyass et al, 2015; Allison et al, 1995).

Diagnostic Accuracy of the OGTT

Although the OGTT has been used in clinical settings for over 100 years, it has not been spared

questions and concerns regarding validity and reliability. Neumann et al’s (2013) cohort study

highlighted reliability concerns when they found that only 61% of individuals classified as type 2

diabetics during the first test remained in that state at the 10-year follow up. This is remarkable,

as the scholarly community has long been of the belief that T2DM is irreversible (although this

has recently been questioned also) (Hallberg et al, 2019). In their thorough review of the OGTT,

Bogdanet et al (2020) pointed to a study from 1965 in which healthy individuals underwent six

consecutive OGTTs with variation in the results. The reproducibility issues are further

demonstrated by the fact that clinical diagnosis is only determined following two consecutive

tests in which 2hPG is above the diagnostic threshold (Bogdanet et al, 2020).

Bogdanet et al’s (2020) review places factors that may influence the outcome of OGTTs in a

framework divided into three categories: pre-analytical, analytical and post-analytical. Factors

categorized as pre-analytical are those which occur prior to testing such as fasting status, time

since exercise and sleep. Analytical factors regard the quality of the measuring devices, such as

blood glucose meters and testing strips. Post-analytical factors involve the interpretation of the

results. The framework is illustrated in Figure 5 below.



13

FIGURE 5. Bogdanet et al’s (2020) OGTT framework.

Over five decades ago, the American Diabetes Association (ADA) questioned the validity of the

OGTT and argued that if the test is supposed to be an accurate proxy for insulin resistance and

beta cell function, glucose load should be individualized based on body size. However, the

suggestion was rejected by the World Health Organization (WHO) who insisted on a fixed

glucose load for individuals weighing over 43 kilograms (Bogdanet et al, 2020). Yet, recent

research has brought the question to light once again. Palmu et al (2019) found that individuals

with higher Body Surface Area (BSA, [weight (kg) x height (cm) / 3600]½) had significantly

lower levels of glucose intolerance and vice versa. Bogdanet et al (2020) concluded that “the

parameters for loading dose of glucose in the tolerance test should ideally be individualized

according to BSA, activity level, or necessary caloric intake calculated for the individual's basal

metabolic rate in order to increase its usefulness in the identification of glucose intolerance,” in

their discussion of the implications of the fixed glucose load.

Influence of Anthropometry and Sex on Glucose Intolerance

Several physiological factors may influence OGTT outcomes. As noted previously, Palmu et al

(2019) found that larger individuals are less likely to be diagnosed as glucose intolerant. More

specifically, their results showed that height was inversely associated with 2hPG. These results
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were echoed in Janghorbani et al’s (2008) investigation of a group of healthy but at-risk

individuals (first degree relatives of type 2 diabetics) which found that 2hPG was inversely

correlated with height in men (r = -0.76, p < 0.001) and in women (-0.69, p < 0.001).

Several studies report that sex has a strong impact on glucose intolerance. Sicree et al (2008) and

Janghorbani et al (2008) found that 2hPG was significantly higher in women than in men

following an OGTT. Notably, however, was that the differences disappeared when adjusting for

height in both studies, leading the authors to hypothesize that muscle mass may be the primary

factor contributing to the dissimilar 2hPG concentrations. Specifically, Sicree et al (2008) stated

that “muscle is the major tissue involved in uptake/metabolism of glucose” and that “tall

individuals have more muscle mass.” Palmu et al (2019) followed this line of reasoning and

concluded that “it is reasonable to assume that the larger the framework, the larger the internal

organs and skeletal muscle mass.”

However, research regarding the influence of skeletal muscle mass (SMM) on glucose

intolerance yields inconclusive results. It is well established that muscle mass is lower in the

T2DM population compared to those without the disease (Ai et al, 2021). Yet, research studying

how muscle mass impacts the risk of developing T2DM in individuals with NGT or IGT is

scarce and most available literature examines the association between glucose intolerance and

lean mass (LM), which includes not only SMM but all non-fat mass such as bones, internal

organs and connective tissue.

In a Danish cohort study, Baker et al (2019) studied whether LM had protective effects against

T2DM. They found that LM and incident T2DM were positively related in both men and women.

Interestingly, however, the positive relationship turned negative when adjusting for fat mass in

men, but not in women. Slightly different results were found in Rehunen et al’s (2020) study of a

group of healthy individuals, which examined the effects of a lean mass index (LMI, LM (kg) /

m2) and fat mass index (FMI, Fat mass (kg) / m2) on glucose intolerance. In men in the middle

and high FMI groups, LMI was positively associated with 2hPG. There was no statistically

significant association between LMI and 2hPG for women in any FMI group. Rehunen et al

(2021) further challenged the conception of muscle mass as protective against the development
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of T2DM in a 15 year follow-up study of older adults. After finding that individuals with high

FMI and high LMI displayed the most disturbed markers of glucose intolerance, the authors

concluded that “obese people are not protected against the risk of developing type 2 diabetes by

having a high lean mass - quite the opposite.”

However, studies investigating muscle size indicate that a protective effect exists, demonstrating

the unsettled nature of the question. For example, Kalyani et al’s (2012) examination of the

relationship between the cross-sectional area of the midthigh muscle and glucose levels during an

OGTT found statistical significance at the 40, 60, 80, 100 and 120 minute (2hPG) marks as well

as for glucose AUC after standardizing for body weight in a group of non-diabetic individuals.

Similar results were found by Srikanthan and Karlamanga (2011), who reported that a 1 kg/m2

increase in muscle mass corresponded with a 9 percent relative reduction in IFG prevalence. In a

large cohort study of healthy young and middle-aged adults, a body weight-adjusted muscle mass

index decreased the risk of T2DM (Hong et al, 2017).

It is evident that the literature investigating the protective effect of muscle mass is scarce and that

most available research examines the effect of lean mass, muscle size or an indexed measure of

skeletal muscle mass. Thus, in order to provide knowledge that may aid the development of more

accurate testing protocols, exploration of the relationship between direct measurements of SMM

and glucose intolerance is in place.

Purpose

The purpose of this thesis was to further investigate the relationship between skeletal muscle

mass and glucose intolerance as previous literature in this domain appears scarce and

inconclusive. Better understanding of how skeletal muscle mass impacts glucose intolerance may

lead to the development of more accurate diagnostic protocols.

The research questions were formulated in the following manner:

1. What is the relationship between skeletal muscle mass and glucose intolerance?

2. Are there group-level differences for anthropometric measurements in relation to

measures of glucose intolerance?
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Methods

Design, Participants and Data Collection

A prospective correlational research design was employed (Barroga and Matanguihan, 2022).

Measurements were performed both pre and post manipulation of blood glucose levels. Fifteen

men and women aged 20 to 40 years old without previously known T2DM were recruited to

participate in the study. Data collection took place at Halmstad University between January and

April during the spring of 2023.

Prior to the anthropometric measurements and the OGTT, participants were asked to complete a

questionnaire regarding their adherence to the pre-test protocol (Appendix A) which included

abstaining from alcohol for 24 hours and from medium to high intensity physical exercise for 12

hours prior to the test. Participants were also asked to read and sign the Informed Consent form

(Appendix B). Individuals who had not adhered to the pre-test protocol, did not sign the

Informed Consent form or made known that they had experienced any of the signs and symptoms

outlined in Step 3 of the ACSM Health Questionnaire (Appendix C) were excluded from the

study.

Anthropometric measurements collected were total body mass (Weight), lean mass (LM),

skeletal muscle mass (SMM), total body water and height. Weight, SMM and total body water

was measured using a bioelectrical impedance analysis (BIA) scale (InBody Co., LTD, InBody

270) which has shown to produce results similar to those provided through dual x-ray

absorptiometry (DXA) (Czartoryski et al, 2020). Height and other demographic details were

self-reported.

Glucose concentration was measured using capillary sampling (Abbott Laboratories, Freestyle

Lite). The blood sample was collected from the index finger by rubbing the collection site with

ethanol (95%) and pricking the finger with the help of a self-retracting lancet. As per the

manufacturers’ protocol, the initial drop of blood was wiped off due to risk of contamination and

the second drop was placed on the glucose monitor test strip and analyzed. Concentrations were
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recorded pre-ingestion of a 75 g/200 mL glucose solution (Top Star Ltd., Top Star 75 Lemon)

and post-ingestion at 20 minute intervals for two hours.

Glucose measurements were recorded as they were displayed by the blood glucose monitor

(Abbott Laboratories, Freestyle Lite). Glucose AUC and glucose iAUC (the incremental area

above the fasting glucose level) (Allison et al, 1995) were calculated manually using the

trapezoidal approximation method (Sakaguchi et al, 2016).

Anthropometric measurements were recorded as they were provided by the BIA scale. An

additional calculation for lean mass and skeletal muscle mass (adjLM and adjSMM) was

included adjusting for the potentially skewed results due to irregular levels of total body water, as

this is a known source of error for BIA scales (Czartoryski et al, 2020).

The calculation for the novel adjustment method is described below:

Skeletal Muscle Mass

If total body water is above normal range: adjSMM = SMM - (Total body water - ULNBW)

If total body water is below normal range: adjSMM = SMM - (Total body water - LLNBW)

Lean Mass

If total body water is above normal range: adjLM = LM - (Total body water - ULNBW)

If total body water is below normal range: adjLM = LM - (Total body water - LLNBW)

ULNBW = Upper Limit Normal Body Water; LLNBW = Lower Limit Normal Body Water.

The BIA scale used in this study provides a normal range of total body water for every individual

who undergoes a test. The ULNBW and LLNBW represents the upper and lower limits of that

range. An example of the body composition section of an InBody result sheet can be found in

Appendix E. For individuals with total body water within the normal range, adjLM was identical

to LM and adjSMM was identical to SMM.

Statistical Analysis

The statistical analysis was performed using the computer software Statistical Package for Social

Sciences (IBM, SPSS 2023). Shapiro-Wilk’s normality test was performed on all variables
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(Rovetta, 2020). Mann-Whitney’s U test was used to examine sex differences (Kim, 2019)

Pearson’s correlation coefficient (r) was used to analyze the correlation between anthropometric

measurements and glucose intolerance in variables that were normally distributed. Spearman’s

rank correlation coefficient (ϱ) was used for variables that were not normally distributed

(Rovetta, 2020). Correlational strength was interpreted using the conventional approach (Schober

et al, 2018). All glucose measurements were analyzed for correlation against all measures of

anthropometry.

Independent sample t-tests were used to investigate group-level differences for anthropometric

variables in relation to measures of glucose intolerance. The study participants were evenly

divided (n = 7 for all groups) into two groups (high and low for each respective measure of

glucose intolerance). Equal variances were not assumed for measures that were significant

following Levene’s Variance test (Kim, 2019). The significance level was set to < 0.05 for all

statistical tests.

Ethical and Social Considerations

The study was designed within the framework of the ethical considerations outlined in the

declaration of Helsinki (The World Medical Association, 2021). Individuals were informed of the

risks related to the tests in this study, including those that may occur during capillary blood

sampling, the ingestion of concentrated glucose solution and the eventual mental strain of

anthropometric measurements. These ethical considerations were mitigated by applying a high

hygiene standard, not disclosing study results unless asked for and informing the participants that

they were allowed to perform the anthropometric measurements with as much or as little clothing

they were comfortable with. Participants were also reminded that they may stop involvement of

the study at any moment without the need to provide an excuse. Prior to participation, individuals

were asked to read, understand and sign an Informed Consent form (Appendix B).

Research such as the one pursued in this thesis has great social potential as it may contribute to

the generation of more accurate tests used to diagnose and assess risk of T2DM, which is in line

with the Sustainable Development Goal #3 outlined in Agenda 2030 (United Nations, 2023).
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Results

Fourteen individuals, evenly split between men and women, participated in the study. One

recruited individual did not adhere to the pre-testing protocol (intake of alcohol within 24 hours)

and was therefore excluded from participation. All individuals included in the statistical analysis

regarded themselves as healthy according to the ACSM Health Questionnaire and had fasted for

a minimum of 9 hours.

All but one variable (age) was normally distributed according to Shapiro-Wilk’s normality test.

Age ranged from 21 to 37 years with a median of 24 years. Mean height was 176.7 cm, ranging

from 160 to 190 cm. Mean weight was 73.4 kg, with a range spanning from 52.7 to 91.5 kg.

Statistically significant differences between men and women were found for Height (p = 0.002),

LM (p = 0.004), adjLM (p < 0.001), SMM (p = 0.002) and adjSMM (p < 0.001). Table 1

summarizes the results of the study population.

TABLE 1. Results summary.

Men (n = 7) Women (n = 7)

Variable n Min. Max. Mean St. dev. Mean Mean p

Age (yr) 14 21.0 37.0 24* 4.3 28* 23* 0.128

Height (cm) 14 160.0 190.0 176.7 9.2 183.8 169.6 0.002★

Weight (kg) 14 52.7 91.5 73.4 11.9 79.3 67.5 0.073

BMI (kg/m2) 14 18.7 29.3 23.4 2.7 23.4 23.4 0.902

LM (kg) 14 40.5 81.8 59.8 13.5 70.6 49.1 0.004★

adjLM (kg) 14 40.5 75.6 58.5 12.0 68.6 48.4 <0.001★

SMM (kg) 14 22.1 47.6 33.9 8.2 40.4 27.3 0.002★

adjSMM (kg) 14 22.1 42.0 32.5 6.8 38.4 26.6 <0.001★

n = Number of Study participants; Min. = Minimum; Max. = Maximum; St. dev. = Standard deviation; BMI = Body Mass Index; LM = Lean Mass; adjLM = adjusted
Lean Mass; SMM = Skeletal Muscle Mass; adjSMM = adjusted Skeletal Muscle Mass.
* denotes median value
★ denotes statistical significance at the 0.05 level.
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Blood glucose concentration was recorded continuously for two hours. Prior to the ingestion of a

75 g/200 mL glucose solution, the study population averaged a concentration of 4.68 mmol/L.

Mean glucose concentration increased to 6.85 mmol/L at 20mPG and to 6.88 mmol/L at 40mPG.

Thereafter, mean glucose concentration decreased at 1hPG (5.72 mmol/L) and 80mPG (5.21

mmol/L), however increased again at 100mPG (5.57 mmol/L). While mean glucose

concentration decreased at 2hPG (5.22 mmol/L), it was higher (approximately one standard

deviation) than the mean glucose concentration recorded prior to ingesting the glucose solution

(FBG). The graph below (Figure 6) illustrates the population glucose concentration curve (▲ =

mean + standard deviation; ■ = mean; ● = mean - standard deviation) including all fourteen

individuals.

FBG = Fasting Blood Glucose (Pre Glucose Load); 20mPG = 20 minute Postload Glucose; 40mPG = 40 minute Postload Glucose; 1hPG = 1 hour Postload Glucose; 80mPG =
80 minute Postload Glucose; 100mPG = 100 minute Postload Glucose; 2hPG = 2 hour Postload Glucose.

FIGURE 6. Population Glucose Curve.

Correlation Between Glucose and Anthropometric Measurements

The statistical analysis examined the correlation coefficients involving measures of glucose

intolerance and multiple anthropometric variables. Table 2, 3 and 4 display the Pearson
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correlation coefficients between anthropometric variables and 2hPG, AUC and iAUC. Notably,

among the remaining glucose variables (0mPG, 20mPG, 40mPG, 1hPG, 80mPG and 100mPG),

20mPG exhibited a significant correlation with Sex (r = -0.689, p = 0.006), Height (r = -0.702, p

= 0.005), LM (r = -0.761, p = 0.002), adjLM (r = -0.783, p < 0.001), SMM (r = -0.762, p =

0.002), and adjSMM (r = -0.796, p < 0.001).

The correlational strength between 2hPG and anthropometric measurements varied from weak to

moderate. With the exception of BMI, associations were negative for all variables. The most

robust correlation coefficients were identified for SMM (-0.537) and LM (-0.529). On the

opposite end of the spectrum, Weight (-0.153) and BMI (0.181) displayed the weakest

correlations. All metrics pertaining to body mass excluding fat mass (SMM, adjSMM, LM and

adjLM) demonstrated moderate negative associations. Among the remaining variables, the most

substantial correlation was found for Sex (-0.430). The moderate negative correlation between

SMM and 2hPG was found to be statistically significant (p = 0.048).

TABLE 2. Correlation coefficient between 2hPG and anthropometric measurements.

Pearson's r Strength p-value

Sex (m/f) -0.430 Moderate 0.124

Age (yr) -0.183ᵨ Weak 0.531

Height (cm) -0.423 Moderate 0.131

Weight (kg) -0.153 Weak 0.601

BMI (kg/m2) 0.181 Weak 0.536

LM (kg) -0.529 Moderate 0.052

adjLM (kg) -0.494 Moderate 0.072

SMM (kg) -0.537 Moderate 0.048★

adjSMM (kg) -0.472 Moderate 0.080

BMI = Body Mass Index; LM = Lean Mass; adjLM = adjusted Lean Mass; SMM = Skeletal Muscle Mass; adjSMM = adjusted Skeletal Muscle
Mass.
★ denotes statistical significance (p < 0.05).
ᵨ denotes correlation found using Spearman's Rank Correlation test.

Regarding AUC and anthropometric measures, correlational strength ranged from zero to

moderate. Associations were negative for all variables. The strongest correlation coefficients

were identified for adjSMM (-0.536) and adjLM (-0.530). BMI (-0.011) and Weight (-0.282)
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displayed the weakest correlations. Anthropometric variables related to body mass excluding fat

mass (SMM, adjSMM, LM, and adjLM) displayed moderate negative relationships. Sex (-0.513)

was most notably correlated among the remaining variables. There was a statistically significant

(p = 0.048) moderate negative correlation between adjSMM and AUC.

TABLE 3. Correlation coefficient between AUC and anthropometric measurements.

Variable Pearson's r Strength p-value

Sex (m/f) -0.513 Moderate 0.061

Age (yr) -0.418ᵨ Moderate 0.137

Height (cm) -0.455 Moderate 0.102

Weight (kg) -0.282 Weak 0.328

BMI (kg/m2) -0.011 Zero 0.969

LM (kg) -0.514 Moderate 0.060

adjLM (kg) -0.530 Moderate 0.051

SMM (kg) -0.513 Moderate 0.060

adjSMM (kg) -0.536 Moderate 0.048★

BMI = Body Mass Index; LM = Lean Mass; adjLM = adjusted Lean Mass; SMM = Skeletal Muscle Mass; adjSMM = adjusted Skeletal Muscle
Mass.
★ denotes statistical significance (p < 0.05).
ᵨ denotes correlation found using Spearman's Rank Correlation test.

The association between iAUC and anthropometric variables varied from zero to moderate. Other

than BMI, all variables displayed negative associations. Notably strong correlations emerged for

Sex (-0.559) and adjSMM (-0.532). Conversely, BMI (0.029) and Age (-0.217) exhibited the

weakest correlations. All variables of body mass that exclude fat mass (SMM, adjSMM, LM and

adjLM) demonstrated moderately negative associations. Among the remaining variables, Height

displayed the most prominent correlation (-0.417). The moderate negative correlation between

Sex and iAUC yielded statistical significance (p = 0.038).

TABLE 4. Correlation coefficient between iAUC and anthropometric measurements.

Variable Pearson's r Strength p-value

Sex (m/f) -0.559 Moderate 0.038*

Age (yr) -0.217ᵨ Weak 0.457

Height (cm) -0.417 Moderate 0.138
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Weight (kg) -0.234 Weak 0.420

BMI (kg/m2) 0.029 Zero 0.922

LM (kg) -0.480 Moderate 0.082

adjLM (kg) -0.512 Moderate 0.061

SMM (kg) -0.480 Moderate 0.083

adjSMM (kg) -0.532 Moderate 0.050

BMI = Body Mass Index; LM = Lean Mass; adjLM = adjusted Lean Mass; SMM = Skeletal Muscle Mass; adjSMM = adjusted Skeletal Muscle
Mass.
★ denotes statistical significance (p < 0.05).
ᵨ denotes correlation found using Spearman's Rank Correlation test.

Scatterplots illustrating the analyzed relationships between glucose intolerance and skeletal

muscle mass are found in Appendix D.

Group-Level Anthropometric Differences Based on Level of Glucose Intolerance

The data was further analyzed in order to investigate if there were group-level differences in

anthropometric measurements related to glucose intolerance. No anthropometric variables

differed significantly when comparing a low 2hPG group (< 5.4 mmol/L) to a high 2hPG group

(=> 5.4 mmol/L). The variables closest to statistical significance were adjSMM (p = 0.178),

adjLM (p = 0.206) and SMM (p = 0.236). Weight (p = 0.907) and Age (p = 0.815) had the

highest p-values.

TABLE 5. Group-level comparison for 2hPG.

Group (n)

Variable
Low Group Mean (7):

< 5.4 mmol/L
High Group Mean (7):

=> 5.4 mmol/L
Two-Sided
p-value

Mean
Difference

Standard Error
Difference

Age (yr) 25.9 25.3 0.815 0.6 2.4

Height (cm) 179.4 174 0.289* 5.4* 4.9*

Weight (kg) 73.0 73.8 0.907 0.8 6.6

BMI (kg/m2) 22.6 24.2 0.278 1.6 1.4

LM (kg) 64.2 55.5 0.242 8.7 7.1

adjLM (kg) 62.7 54.3 0.206 8.4 6.2

SMM (kg) 36.5 31.2 0.236 5.4 4.3

adjSMM (kg) 35.0 30.0 0.178 5.0 3.5



24

* denotes value observed without assumption of equal variances.

The analysis of group-level differences for AUC and iAUC yielded identical results. No

statistically significant differences were observed between groups. The variables showing the

most notable p-values were adjSMM (p = 0.139), adjLM (p = 0.155) and LM (p = 0.192), while

Age (p = 0.726) and BMI (p = 0.512) exhibited the highest p-values.

TABLE 6. Group-level comparison for AUC and iAUC.

Group (n)

Variable

Low Group Mean (7):
< 708 mmol min/L (AUC)
< 144 mmol min/L (iAUC)

High Group Mean (7):
=> 708 mmol min/L (AUC)
=> 144 mmol min/L (iAUC)

Two-Sided
p-value

Mean
Difference

Standard Error
Difference

Age (yr) 26.0 25.1 0.726 0.9 2.4

Height (cm) 179.3 174.1 0.324* 5.1* 4.9*

Weight (kg) 76.7 70.1 0.315 6.6 6.3

BMI (kg/m2) 23.9 22.9 0.512 1.0 1.5

LM (kg) 64.7 55.0 0.192 9.6 7.0

adjLM (kg) 63.2 53.9 0.155 9.3 6.1

SMM (kg) 36.8 30.9 0.196 5.8 4.3

adjSMM (kg) 35.3 29.8 0.139 5.5 3.4

* denotes value observed without assumption of equal variances.
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Discussion

Discussion of Results

The results indicated that there is a moderate negative relationship between skeletal muscle mass

and measures of glucose intolerance in healthy young adults. Overall, SMM, adjSMM and Sex

were more strongly associated with glucose intolerance than commonly used anthropometric

measurements such as height and weight. The study could not find support for statistically

significant group-level differences for any anthropometric measurement in regards to glucose

intolerance, however, adjSMM and adjLM showed the largest disparity between groups out of

the measurements included in the analysis.

Furthermore, the suggested protective influence of muscle size (Kalyani et al, 2012) and SMI

(Hong et al, 2017) on glucose intolerance is supported by the findings in this study. The results

showed a statistically significant moderate inverse relationship between SMM and 2hPG and

between adjSMM and AUC.

Moreover, as this study did not include fat mass as an independent variable, it is difficult to

confirm or reject Rehunen et al’s (2021; 2020) findings which suggested that LM is positively

related to glucose intolerance in the presence of high levels of fat mass. However, the results

clearly indicate that there is a moderately negative relationship between LM and adjLM and all

studied measures of glucose intolerance, which strongly suggests that the protective effect exists

in a young and healthy population.

In regards to the association between height and glucose tolerance put forth by Palmu et al

(2019) and Jaghorbhani et al (2019), the study was unable to produce significant correlations for

any of the measured markers of glucose intolerance. Sex, on the other hand, was found to be

significantly associated with iAUC. However, it is plausible that this association would disappear

if adjusted for height as it did in both previously mentioned studies considering the significant

difference in height between sexes (Table 1).



26

Discussion of Methods

The study has several methodological strengths. The pre-testing protocol was followed

rigorously and individuals unable to adhere to the required criteria were excluded from

participation. Glucose load was standardized using an industry manufactured glucose solution as

opposed a self-mixed solution. Also, all individuals underwent tests while in a fasted state, which

allowed for more accurate measurements of both muscle mass and glucose intolerance.

The introduction of novel muscle and lean mass variables adjusting for a common BIA error is

another strength of this study. As seven out of fourteen individuals had total body water outside

the normal range (6 above and 1 below), it can be argued that the sample population warranted

the addition of such altered variables.

Seven separate blood glucose measurements at 20 minute intervals were performed for each

study participant during the OGTT, in contrast to the five blood glucose measurements at 30

minute intervals as is more common (Allison et al, 1995). This allowed for more accurate

calculations of glucose AUC and iAUC.

The study also has several limitations. First, the study population was small and although the

majority of the analyzed correlations were of moderate strength, only a few were considered

statistically significant. The size of the study population also enhances the risk of skewed results

due to the previously mentioned reproducibility concerns regarding the OGTT as the likelihood

of the variance being normally distributed is smaller in a smaller study sample.

Second, age was not normally distributed. Because of this, it is difficult to make assumptions

regarding the generalizability of the results. In addition, the study population consisted of

younger adults, perhaps healthier than the general population and most likely with a

larger-than-average skeletal muscle mass, amplifying further the difficulty of making generalized

statements in regards to the results. As the statistical analysis did not adjust the results for age,

gender or other anthropometric measurements, it is questionable whether the results are

generalizable even to a population of healthy adults of all ages.
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Third, the pre-test protocol did not include questions regarding influencing physiological factors

such as hydration, stress and sleep and thus the results may have been impacted should the

variance of these factors have been skewed.

Last, while the novel variables (adjLM and adjSMM) may have been useful in a population such

as the one investigated in this study, the variables in question were not previously validated and

thus the results associated with them are difficult to interpret and should be scrutinized

thoroughly.

Conclusion and Future Research

The results of this study suggest that having more skeletal muscle is linked to better blood

glucose regulation in young, healthy adults. This implies that considering an individual’s muscle

mass might be useful when deciding how much glucose to administer during an oral glucose

tolerance test, which becomes especially important in a preventative screening context. However,

studies including robust analysis of group-level differences is required before implementing

individualized glucose loads in clinical settings. Thus, future research involving larger study

samples is vital in order to explore the ideal cut-off levels for anthropometric measurements.



28

References

​ Abbott Laboratories. (2022). Freestyle Lite. United States of America.

​ Ai, Y., Xu, R., & Liu, L. (2021). The prevalence and risk factors of sarcopenia in patients

with type 2 diabetes mellitus: a systematic review and meta-analysis. Diabetology &

metabolic syndrome, 13(1), 93. https://doi.org/10.1186/s13098-021-00707-7

​ Ajmera, I., Swat, M., Laibe, C., Le Novère, N., & Chelliah, V. (2013). The impact of

mathematical modeling on the understanding of diabetes and related complications. CPT:

pharmacometrics & systems pharmacology, 2(7), e54.

https://doi.org/10.1038/psp.2013.30

​ Ahrén, B. (2013). Glucose: Glucose Intolerance. Encyclopedia of Human Nutrition.

Retrieved 2023-08-11 from

https://www.sciencedirect.com/science/article/pii/B9780123750839001343

​ Allison, D. B., Paultre, F., Maggio, C., Mezzitis, N., & Pi-Sunyer, F. X. (1995). The use

of areas under curves in diabetes research. Diabetes care, 18(2), 245–250.

https://doi.org/10.2337/diacare.18.2.245

​ Alyass, A., Almgren, P., Akerlund, M., Dushoff, J., Isomaa, B., Nilsson, P., Tuomi, T.,

Lyssenko, V., Groop, L., & Meyre, D. (2015). Modelling of OGTT curve identifies 1 h

plasma glucose level as a strong predictor of incident type 2 diabetes: results from two

prospective cohorts. Diabetologia, 58(1), 87–97.

https://doi.org/10.1007/s00125-014-3390-x

​ Baker, C. F., Overvad, K., & Dahm, C. C. (2019). Lean body mass and risk of type 2

diabetes - a Danish cohort study. Journal of diabetes and metabolic disorders, 18(2),

445–451. https://doi.org/10.1007/s40200-019-00438-7

https://doi.org/10.1038/psp.2013.30
https://doi.org/10.1038/psp.2013.30
https://www.sciencedirect.com/science/article/pii/B9780123750839001343
https://www.sciencedirect.com/science/article/pii/B9780123750839001343
https://doi.org/10.2337/diacare.18.2.245
https://doi.org/10.2337/diacare.18.2.245
https://doi.org/10.1007/s00125-014-3390-x
https://doi.org/10.1007/s00125-014-3390-x
https://doi.org/10.1007/s40200-019-00438-7


29

​ Banday, M. Z., Sameer, A. S., & Nissar, S. (2020). Pathophysiology of diabetes: An

overview. Avicenna journal of medicine, 10(4), 174–188.

https://doi.org/10.4103/ajm.ajm_53_20

​ Bagcchi S. (2015). High rates of false positives are likely in diabetes screening

programmes in India. BMJ (Clinical research ed.), 350, h3535.

https://doi.org/10.1136/bmj.h3535

​ Bogdanet, D., O'Shea, P., Lyons, C., Shafat, A., & Dunne, F. (2020). The Oral Glucose

Tolerance Test-Is It Time for a Change?-A Literature Review with an Emphasis on

Pregnancy. Journal of clinical medicine, 9(11), 3451. https://doi.org/10.3390/jcm9113451

​ Carpenter, M. W., & Coustan, D. R. (1982). Criteria for screening tests for gestational

diabetes. American journal of obstetrics and gynecology, 144(7), 768–773.

https://doi.org/10.1016/0002-9378(82)90349-0

​ Czartoryski, P., Garcia, J., Manimaleth, R., Napolitano, P., Watters, H., Weber, C., ... &

Antonio, J. (2020). Body composition assessment: A comparison of the DXA, Inbody

270, and Omron. Journal of Exercise and Nutrition, 3(1).

​ Dickinson, J. A., Pimlott, N., Grad, R., Singh, H., Szafran, O., Wilson, B. J., Groulx, S.,

Thériault, G., & Bell, N. R. (2018). Screening: when things go wrong. Canadian family

physician Medecin de famille canadien, 64(7), 502–508.

​ Fiorentino, T. V., Marini, M. A., Succurro, E., Andreozzi, F., Perticone, M., Hribal, M. L.,

Sciacqua, A., Perticone, F., & Sesti, G. (2018). One-Hour Postload Hyperglycemia:

Implications for Prediction and Prevention of Type 2 Diabetes. The Journal of clinical

endocrinology and metabolism, 103(9), 3131–3143.

https://doi.org/10.1210/jc.2018-00468

​ Folkhälsomyndigheten. (2023a). Mat. Retrieved 2023-08-11 from

https://www.folkhalsomyndigheten.se/livsvillkor-levnadsvanor/mat-fysisk-aktivitet-overv

ikt-och-fetma/mat/

https://doi.org/10.4103/ajm.ajm_53_20
https://doi.org/10.4103/ajm.ajm_53_20
https://doi.org/10.1136/bmj.h3535
https://doi.org/10.1136/bmj.h3535
https://www.folkhalsomyndigheten.se/livsvillkor-levnadsvanor/mat-fysisk-aktivitet-overvikt-och-fetma/mat/
https://www.folkhalsomyndigheten.se/livsvillkor-levnadsvanor/mat-fysisk-aktivitet-overvikt-och-fetma/mat/
https://www.folkhalsomyndigheten.se/livsvillkor-levnadsvanor/mat-fysisk-aktivitet-overvikt-och-fetma/mat/


30

​ Folkhälsomyndigheten. (2023b). Fysisk aktivitet och stillasittande. Retrieved 2023-08-11

from

https://www.folkhalsomyndigheten.se/livsvillkor-levnadsvanor/mat-fysisk-aktivitet-overv

ikt-och-fetma/fysisk-aktivitet-och-stillasittande/

​ GBD Diabetes Collaborators (2023). Global, regional, and national burden of diabetes

from 1990 to 2021, with projections of prevalence to 2050: a systematic analysis for the

Global Burden of Disease Study 2021. Lancet (London, England), 402(10397), 203–234.

https://doi.org/10.1016/S0140-6736(23)01301-6

​ Gavin, J. R., 3rd, Roth, J., Neville, D. M., Jr, de Meyts, P., & Buell, D. N. (1974).

Insulin-dependent regulation of insulin receptor concentrations: a direct demonstration in

cell culture. Proceedings of the National Academy of Sciences of the United States of

America, 71(1), 84–88. https://doi.org/10.1073/pnas.71.1.84

​ Hallberg, S. J., Gershuni, V. M., Hazbun, T. L., & Athinarayanan, S. J. (2019). Reversing

Type 2 Diabetes: A Narrative Review of the Evidence. Nutrients, 11(4), 766.

https://doi.org/10.3390/nu11040766

​ Hemmingsen, B., Gimenez-Perez, G., Mauricio, D., Roqué I Figuls, M., Metzendorf, M.

I., & Richter, B. (2017). Diet, physical activity or both for prevention or delay of type 2

diabetes mellitus and its associated complications in people at increased risk of

developing type 2 diabetes mellitus. The Cochrane database of systematic reviews,

12(12), CD003054. https://doi.org/10.1002/14651858.CD003054.pub4

​ Hong, S., Chang, Y., Jung, H. S., Yun, K. E., Shin, H., & Ryu, S. (2017). Relative muscle

mass and the risk of incident type 2 diabetes: A cohort study. PloS one, 12(11),

e0188650. https://doi.org/10.1371/journal.pone.0188650

​

​ IBM. (2023). SPSS 2023. United States of America.

​ InBody Co., LTD. (2022). InBody 270. South Korea.

https://www.folkhalsomyndigheten.se/livsvillkor-levnadsvanor/mat-fysisk-aktivitet-overvikt-och-fetma/fysisk-aktivitet-och-stillasittande/
https://www.folkhalsomyndigheten.se/livsvillkor-levnadsvanor/mat-fysisk-aktivitet-overvikt-och-fetma/fysisk-aktivitet-och-stillasittande/
https://www.folkhalsomyndigheten.se/livsvillkor-levnadsvanor/mat-fysisk-aktivitet-overvikt-och-fetma/fysisk-aktivitet-och-stillasittande/
https://doi.org/10.1016/S0140-6736(23)01301-6
https://doi.org/10.1016/S0140-6736(23)01301-6
https://doi.org/10.1073/pnas.71.1.84
https://doi.org/10.3390/nu11040766
https://doi.org/10.3390/nu11040766
https://doi.org/10.1002/14651858.CD003054.pub4


31

​ Jagannathan, R., Neves, J. S., Dorcely, B., Chung, S. T., Tamura, K., Rhee, M., &

Bergman, M. (2020). The Oral Glucose Tolerance Test: 100 Years Later. Diabetes,

metabolic syndrome and obesity : targets and therapy, 13, 3787–3805.

https://doi.org/10.2147/DMSO.S246062

​ Janghorbani, M., & Amini, M. (2008). Effects of gender and height on the oral glucose

tolerance test: the isfahan diabetes prevention study. The review of diabetic studies :

RDS, 5(3), 163–170. https://doi.org/10.1900/RDS.2008.5.163

​ Kalyani, R. R., Metter, E. J., Ramachandran, R., Chia, C. W., Saudek, C. D., & Ferrucci,

L. (2012). Glucose and insulin measurements from the oral glucose tolerance test and

relationship to muscle mass. The journals of gerontology. Series A, Biological sciences

and medical sciences, 67(1), 74–81. https://doi.org/10.1093/gerona/glr022

​ Kim H. Y. (2019). Statistical notes for clinical researchers: the independent samples

t-test. Restorative dentistry & endodontics, 44(3), e26.

https://doi.org/10.5395/rde.2019.44.e26

​ Klover, P. J., & Mooney, R. A. (2004). Hepatocytes: critical for glucose homeostasis. The

international journal of biochemistry & cell biology, 36(5), 753–758.

https://doi.org/10.1016/j.biocel.2003.10.002

​ Lin, X., Taguchi, A., Park, S., Kushner, J. A., Li, F., Li, Y., & White, M. F. (2004).

Dysregulation of insulin receptor substrate 2 in beta cells and brain causes obesity and

diabetes. The Journal of clinical investigation, 114(7), 908–916.

https://doi.org/10.1172/JCI22217

​ Malmström, H., Walldius, G., Carlsson, S., Grill, V., Jungner, I., Gudbjörnsdottir, S.,

Kosiborod, M., & Hammar, N. (2018). Elevations of metabolic risk factors 20 years or

more before diagnosis of type 2 diabetes: Experience from the AMORIS study. Diabetes,

obesity & metabolism, 20(6), 1419–1426. https://doi.org/10.1111/dom.13241

https://doi.org/10.2147/DMSO.S246062
https://doi.org/10.2147/DMSO.S246062
https://doi.org/10.1900/RDS.2008.5.163
https://doi.org/10.5395/rde.2019.44.e26
https://doi.org/10.5395/rde.2019.44.e26
https://doi.org/10.1016/j.biocel.2003.10.002
https://doi.org/10.1016/j.biocel.2003.10.002
https://doi.org/10.1172/JCI22217
https://doi.org/10.1172/JCI22217
https://doi.org/10.1111/dom.13241


32

​ Neumann, A., Norberg, M., Schoffer, O., Norström, F., Johansson, I., Klug, S. J., &

Lindholm, L. (2013). Risk equations for the development of worsened glucose status and

type 2 diabetes mellitus in a Swedish intervention program. BMC public health, 13, 1014.

https://doi.org/10.1186/1471-2458-13-1014

​ Palmu, S., Rehunen, S., Kautiainen, H., Eriksson, J. G., & Korhonen, P. E. (2019). Body

surface area and glucose tolerance - The smaller the person, the greater the 2-hour plasma

glucose. Diabetes research and clinical practice, 157, 107877.

https://doi.org/10.1016/j.diabres.2019.107877

​ Quarta, Alessia, Daniela Iannucci, Miriana Guarino, Annalisa Blasetti, and Francesco

Chiarelli. (2023). "Hypoglycemia in Children: Major Endocrine-Metabolic Causes and

Novel Therapeutic Perspectives" Nutrients 15, no. 16: 3544.

https://doi.org/10.3390/nu15163544

​ Region Skåne. (2023). Riktade hälsosamtal i Skåne. Retrieved 2023-08-11 from

https://vardgivare.skane.se/vardriktlinjer/levnadsvanor/riktade-halsosamtal-i-skane/

​ Rehunen, S. K., Kautiainen, H., Korhonen, P. E., & Eriksson, J. G. (2020). Lean body

mass is not beneficial, but may be detrimental for glucose tolerance - Splitting body mass

index according to body composition. Primary care diabetes, 14(6), 747–752.

https://doi.org/10.1016/j.pcd.2020.05.003

​ Rehunen, S. K. J., Kautiainen, H., Korhonen, P. E., & Eriksson, J. G. (2021). A high lean

body mass is not protecting from type 2 diabetes in the presence of a high body fat mass.

Diabetes & metabolism, 47(6), 101219. https://doi.org/10.1016/j.diabet.2020.101219

​ Rosén, A., Otten, J., Stomby, A., Vallin, S., Wennberg, P., & Brunström, M. (2022). Oral

glucose tolerance testing as a complement to fasting plasma glucose in screening for type

2 diabetes: population-based cross-sectional analyses of 146 000 health examinations in

Västerbotten, Sweden. BMJ open, 12(6), e062172.

https://doi.org/10.1136/bmjopen-2022-062172

https://doi.org/10.1186/1471-2458-13-1014
https://doi.org/10.3390/nu15163544
https://doi.org/10.3390/nu15163544
https://vardgivare.skane.se/vardriktlinjer/levnadsvanor/riktade-halsosamtal-i-skane/
https://vardgivare.skane.se/vardriktlinjer/levnadsvanor/riktade-halsosamtal-i-skane/


33

​ Rovetta A. (2020). Raiders of the Lost Correlation: A Guide on Using Pearson and

Spearman Coefficients to Detect Hidden Correlations in Medical Sciences. Cureus,

12(11), e11794. https://doi.org/10.7759/cureus.11794

​ Röder, P. V., Wu, B., Liu, Y., & Han, W. (2016). Pancreatic regulation of glucose

homeostasis. Experimental & molecular medicine, 48(3), e219.

https://doi.org/10.1038/emm.2016.6

​ Sakaguchi, K., Takeda, K., Maeda, M., Ogawa, W., Sato, T., Okada, S., Ohnishi, Y.,

Nakajima, H., & Kashiwagi, A. (2015). Glucose area under the curve during oral glucose

tolerance test as an index of glucose intolerance. Diabetology international, 7(1), 53–58.

https://doi.org/10.1007/s13340-015-0212-4

​ Satoh T. (2014). Molecular mechanisms for the regulation of insulin-stimulated glucose

uptake by small guanosine triphosphatases in skeletal muscle and adipocytes.

International journal of molecular sciences, 15(10), 18677–18692.

https://doi.org/10.3390/ijms151018677

​ Schober, P., Boer, C., & Schwarte, L. A. (2018). Correlation Coefficients: Appropriate

Use and Interpretation. Anesthesia and analgesia, 126(5), 1763–1768.

https://doi.org/10.1213/ANE.0000000000002864

​ Sicree, R. A., Zimmet, P. Z., Dunstan, D. W., Cameron, A. J., Welborn, T. A., & Shaw, J.

E. (2008). Differences in height explain gender differences in the response to the oral

glucose tolerance test- the AusDiab study. Diabetic medicine : a journal of the British

Diabetic Association, 25(3), 296–302. https://doi.org/10.1111/j.1464-5491.2007.02362.x

​ Steen Carlsson K., Andersson E., Lundqvist, A., & Willis, M. (2015). Påverkbara

kostnader för typ 2 diabetes år 2020 och 2030 i Sverige (IHE Rapport 2015:1)

https://ihe.se/publicering/paverkbara-kostnader-typ-2-diabetes-ar-2020-och-ar-2030-sveri

ge-prognoser-med-ihe-cohort-model-type-2-diabetes/

https://doi.org/10.7759/cureus.11794
https://doi.org/10.1038/emm.2016.6
https://doi.org/10.1007/s13340-015-0212-4
https://doi.org/10.1007/s13340-015-0212-4
https://doi.org/10.3390/ijms151018677
https://doi.org/10.3390/ijms151018677
https://doi.org/10.1213/ANE.0000000000002864
https://doi.org/10.1213/ANE.0000000000002864
https://ihe.se/publicering/paverkbara-kostnader-typ-2-diabetes-ar-2020-och-ar-2030-sverige-prognoser-med-ihe-cohort-model-type-2-diabetes/
https://ihe.se/publicering/paverkbara-kostnader-typ-2-diabetes-ar-2020-och-ar-2030-sverige-prognoser-med-ihe-cohort-model-type-2-diabetes/
https://ihe.se/publicering/paverkbara-kostnader-typ-2-diabetes-ar-2020-och-ar-2030-sverige-prognoser-med-ihe-cohort-model-type-2-diabetes/


34

​ Tabák, A. G., Jokela, M., Akbaraly, T. N., Brunner, E. J., Kivimäki, M., & Witte, D. R.

(2009). Trajectories of glycaemia, insulin sensitivity, and insulin secretion before

diagnosis of type 2 diabetes: an analysis from the Whitehall II study. Lancet (London,

England), 373(9682), 2215–2221.

​ Tam, C. S., Xie, W., Johnson, W. D., Cefalu, W. T., Redman, L. M., & Ravussin, E.

(2012). Defining insulin resistance from hyperinsulinemic-euglycemic clamps. Diabetes

care, 35(7), 1605–1610. https://doi.org/10.2337/dc11-2339

​ United Nations. (2023). Goal 3: Ensure healthy lives and promote well-being for all and

at all ages. Retrieved 2023-08-11 from

https://www.un.org/sustainabledevelopment/health/.

​ White, M. F., & Kahn, C. R. (2021). Insulin action at a molecular level - 100 years of

progress. Molecular metabolism, 52, 101304.

https://doi.org/10.1016/j.molmet.2021.101304

​ World Health Organization. (2020). HEARTS D: diagnosis and management of type 2

diabetes (No. WHO/UCN/NCD/20.1). World Health Organization.

​

https://doi.org/10.2337/dc11-2339
https://www.un.org/sustainabledevelopment/health/
https://www.un.org/sustainabledevelopment/health/
https://doi.org/10.1016/j.molmet.2021.101304
https://doi.org/10.1016/j.molmet.2021.101304


35

Appendix

Appendix A: Pre-Testing Protocol

Frågeformulär Markera med X

Har du tränat inom de senaste 12 timmarna?

Har du konsumerat alkohol inom de senaste 24 timmarna?

När åt du senast?
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Appendix B: Informed Consent Form

INFORMERAT SAMTYCKE
tillhörande studien

Samband mellan kroppskomposition och glukostolerans

Hej!

Mitt namn är Philip Evans och jag planerar ett projekt som examensarbete inom
Biomedicinutbildningen (inriktning träningsfysiologi) vid akademin för företagande, innovation och
hållbarhet på Högskolan i Halmstad. Projektet är en studie som går under titeln Samband mellan
kroppskomposition och glukostolerans och jag undrar om du vill vara med som deltagare. I det här

dokumentet finner du information om projektet och om vad det innebär att delta. Projektets upplägg
är godkänt av ansvariga för utbildningen.

Vad är det för ett projekt och varför vill du att jag ska delta?

Typ 2 diabetes är en global folksjukdom. För att stoppa dess utveckling krävs kunskap som förbättrar
de diagnostiska tester som används när man undersöker sjukdomen. Ett fenomen som observerats är att
kroppskomposition, d.v.s. mått på exempelvis längd, vikt, fett- och muskelmassa påverkar resultaten vid

ett glukostoleranstest (ett test som används för att diagnostisera typ 2 diabetes). En anledning som
föreslås ligga till grund för detta är att alla personer, oavsett kroppskomposition, dricker samma mängd

sockerlösning. Detta gör att jämförelser mellan individers förmåga att tolerera glukos kan bli
missvisande, då sockerlösningen inte är i proportion till personens kroppskomposition.

Målet med studien är att öka kunskapen om faktorer som kan påverka resultatet vid ett
glukostoleranstest, vilket förhoppningsvis kan leda till att mer tillförlitliga diagnostiska tester kan

utvecklas i framtiden.

Projektansökan är godkänd av lärarkollegiet på Biomedicinprogrammet vid Högskolan i Halmstad.

Hur går projektet till?
För att delta i studien kommer du som försöksperson att fylla i ett frågeformulär om din allmänna

hälsa. Detta gör du vid testtillfället. Du kommer även ombes att följa ett antal rekommendationer som
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finns för att säkerställa att mätningarna är tillförlitliga. Det som förväntas av dig som försöksperson är
att du:

1.  Kommer till laboratoriet utvilad, minst 12 timmar efter ditt efter senaste träningspass
2.  Inte konsumerar alkoholhaltiga drycker minst 24 timmar innan testet
3.  Försöker tömma urinblåsan inför mätningen av kroppssammansättning

Testet sker morgontid vid Halmstad Högskola under ett tillfälle som förväntas ta mellan 2,5 och 3
timmar. Besöket börjar med ett antal kontrollfrågor för att säkerställa att du följt de rekommendationer

som efterfrågats. Därefter mäts längd, vikt och kroppssammansättning.

Mätningarna följs av ett glukostoleranstest som innebär att ditt blodsockervärde undersöks efter att du
intagit en sockerlösning. Den första mätningen sker innan sockerlösningen, varpå mätningar kommer
att ske med 20 minuters mellanrum under två timmar. Blodsockermätningarna sker kapillärt, d.v.s.

genom stick i fingret.

Du får gärna förbereda någon form av syssla (exempelvis studier, läsa bok eller titta på serie) som du kan
utföra under väntetiden, den bör dock kunna ske sittande då för mycket rörelse påverkar

blodsockervärdet.

Möjliga följder och risker med att delta i projektet

Det finns relativt få risker i samband med deltagande i den här studien. Risker kan dock aldrig uteslutas
och som försöksperson bör du därför vara medveten om dess existens.

En risk som kan uppstå till följd av ett förhöjt blodsockervärde är ketoacidos, vilket kan leda till så
kallad till diabeteskoma om inget ingripande görs. Ketoacidos är dock väldigt ovanligt och risken
existerar i stort sett enbart för individer med typ 1 diabetes sommedicineras med insulin. Individer
med konstaterad diabetes ombeds ej delta i studien. Vid misstanke om symptom avbryts testet.

Det finns dessutom några situationer där du kan känna obehag. En av dessa är en känsla av lätt
illamående till följd av intaget av sockerlösningen, vilket kan förekomma hos personer som är känsliga
för höga koncentrationer av socker. Du kan även känna obehag vid mätningar av blodsocker, då vissa
individer är känsliga mot blod i allmänhet och stick i fingret i synnerhet. Ett annat moment som kan

medföra obehag är mätningar av vikt och kroppssammansättning. Du behöver inte ta del av resultaten
från mätningarna.

Du kommer även att ombes att ta av dig så mycket kläder du känner dig bekvämmed. Sport-bh och
tights rekommenderas för kvinnor och underkläder eller träningsshorts rekommenderas för män. Om

du önskar kan du genomföra mätningen i dina vardagliga kläder.

Du kan när som helst under pågående test avbryta ditt deltagande. Testet stoppas av studieledare vid
minsta misstanke om risk som kan påverka din hälsa.

Vad händer med mina uppgifter?
Projektet kommer att samla in information om dig. Informationen består av uppgifter såsom namn,
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kön, ålder, längd, kroppsvikt, mått på kroppssammansättning samt blodsockernivåer före och under
glukostoleranstestet. 

Dina personuppgifter kommer att kodas för att säkerhetsställa en konfidentialitet av din data. Detta är
en säkerhetsåtgärd som gör att datan inte kan kopplas till dig personligen. Dessutom sparas kod och

personuppgifter på separata platser. Din data kommer att sparas i fem år efter studiens avslutande, dina
personuppgifter kommer dock raderas i samband med studiens slutförande vilket förväntas ske i juni
2023. Du kommer att informeras när dina uppgifter raderas. Dina uppgifter och testresultat behandlas

via ett USB-minne så att inte obehöriga kan ta del av dem.

Ansvarig för dina personuppgifter är Dataskyddsombudet på Högskolan i Halmstad. Enligt EU:s
dataskyddsförordning har du rätt att kostnadsfritt få ta del av de uppgifter om dig som hanteras i

projektet och vid behov få eventuella fel rättade. Du kan också begära att uppgifter om dig raderas samt
att behandlingen av dina personuppgifter begränsas. Rätten till radering och begränsning av

behandling av personuppgifter gäller dock inte om dessa anses nödvändiga för att slutföra den aktuella
studien. Om du vill ta del av uppgifterna ska du kontakta projektansvarig (se kontaktuppgifter nedan).
Dataskyddsombud nås på dataskydd@hh.se. Vid missnöje över hur dina personuppgifter behandlas har

du rätt att lämna klagomål till Integritetsskyddsmyndigheten.

Hur får jag information om resultatet av projektet?
Ditt personliga resultat från studien kommer finnas tillgängligt för dig som försöksperson tidigast en
vecka efter slutfört försök. Du kan få tillgång till dina personliga data från de olika testerna som utförts
genom att kontakta projektansvarig (se kontaktuppgifter nedan). Det färdiga examensarbetet kommer

att finnas tillgängligt på DIVA-portalen.

Försäkring och ersättning
Försäkring för eventuella skador och oförutsedda händelser som sker i samband med studien
tillhandahålls i form av en personskadeförsäkring via högskolan och Högskolerådet. För mer

information kontakta projektansvarig (se kontaktuppgifter nedan).

Studiedeltagare erbjuds inte någon ekonomisk ersättning. Efter testet får du dock ta del av en lättare
frukost (kaffe, drickyoghurt, frukt).

Deltagandet är frivilligt

Att delta är frivilligt och du kan när som helst välja att avbryta. Om du önskar avbryta ditt deltagande
behöver du inte uppge varför.

Ansvarig för projektet är:

Philip Evans, [emailaddress och telefonnummer raderat för arkivering]
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Samtycke till deltagande i Samband mellan kroppskomposition
och glukostolerans

 

Jag har fått muntlig och/eller skriftlig information om studien och har haft möjlighet att ställa frågor.
Jag får behålla den skriftliga informationen.

·       Jag samtycker till att delta i projektet Samband mellan kroppskomposition och glukostolerans.

 

Plats och datum Underskrift

 

 

 

  Namnförtydligande
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Samtycke till deltagande i Samband mellan kroppskomposition
och glukostolerans

 

Jag har fått muntlig och/eller skriftlig information om studien och har haft möjlighet att ställa frågor.
Jag får behålla den skriftliga informationen.

·       Jag samtycker till att delta i projektet Samband mellan kroppskomposition och glukostolerans.

 

Plats och datum Underskrift

 

 

 

  Namnförtydligande
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Appendix C: ACSM Health Questionnaire
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Appendix D: Scatterplots of Glucose Intolerance and Skeletal Muscle Mass

FIGURE 7 and 8. Scatterplot of 2hPG and SMM (upper), 2hPG and adjSMM (lower).
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FIGURE 9 and 10. Scatterplot of AUC and SMM (upper), AUC and adjSMM (lower).
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FIGURE 11 and 12. Scatterplot of iAUC and SMM (left), iAUC and adjSMM (right).
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Appendix E: InBody Results Sheet: Body Composition Analysis

FIGURE 13. InBody Results sheet, normal body water range (circled).


