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Abstract:  

Objective: We examine here whether multidimensional functional fitness is a better predictor 

of type 2 diabetes as compared to morphometric indices of obesity such as body mass index 

(BMI) and waist to hip ratio (WHR). 

Research design and method: We analysed retrospective data of 663 volunteer participants 

(285 males and 378 females between age 28 and 84), from an exercise clinic in which every 

participant routinely undergoes a health related physical fitness (HRPF) assessment 

consisting of 15 different tasks examining 8 different aspects of functional fitness.  

Results: The odds of being diabetic in the highest quartile of BMI were not significantly 

higher than that in the lowest quartile in either of the sexes. The odds of being a diabetic in 

the highest WHR quartile were significantly greater than the lowest quartile in females (OR = 

4.54 (1.95, 10.61) as well as in males (OR = 3.81 (1.75, 8.3). In both sexes the odds of being 

a diabetic were significantly greater in the lowest quartile of HRPF score than the highest 

(males OR = 10.52 (4.21, 26.13); females OR = 10.50 (3.53, 31.35)). HRPF was not 

correlated with BMI in both sexes but was negatively correlated with WHR. After removing 

confounding, the predictive power of HRPF was significantly greater than that of WHR. 

 

Conclusion: Multidimensional functional fitness score was a better predictor of type 2 

diabetes than obesity parameters in the Indian population. 
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Introduction: 

In the mainstream thinking in the field of type 2 diabetes mellitus (T2DM) obesity is believed 

to be causal to insulin resistance, and subsequently to T2DM (1). Many shortcomings and 

paradoxes in this view are becoming apparent with increasing research inputs. The direction 

of causality between obesity, insulin resistance and hyperinsulinemia is debated. While the 

classical view presumes obesity to be primary, giving rise to insulin resistance and 

hyperinsulinemia as a compensatory response of the body, an upcoming view is that 

hyperinsulinemia has a causal role in obesity (2-5). Downregulation of insulin expression by 

insulin gene dosage (6), pharmaceutical suppression of insulin (7) or fat cell specific insulin 

receptor knockouts (8) protect against obesity. Epidemiological evidence is predominantly 

associative and does not clearly show causal relationship of obesity with insulin resistance 

and hyperinsulinemia. In any case the association between obesity and insulin resistance is 

quantitatively quite weak throughout the globe with the variance explained being below 15 % 

in majority of studies (9). Further, the association varies between populations, normal weight 

T2DM being more common in south Asians (10-11).  

If obesity is a poor predictor of T2DM, one needs to look for alternative and more reliable 

predictors. There have been arguments and evidence about fitness being more important than 

fatness (12-19). However, most studies have looked at a single dimension of fitness such as 

grip strength (16-17), lower body strength (18-19) or cardiorespiratory fitness (12-15). Most 

of these studies find that some form of functional fitness has a protective role against T2DM 

and many other life-style related disorders. However, fitness is a multidimensional concept 

which is difficult to capture in a single task performance test. Whether a multidimensional 

fitness score has greater predictive power than a single dimension or single task has not been 

addressed seriously. Currently there is no standardized set of test protocols for assessing 

multidimensional functional fitness. We found an opportunity to examine multidimensional 

fitness score as a predictor of T2DM using retrospective data from an exercise clinic in Pune, 

India which routinely conducted a multidimensional fitness test at entrance for every new 

participant. We use this opportunity here to make a preliminary assessment of whether it 

gives us a predictability substantially greater than that given by obesity parameters.  

The clinic and the patient group:  

Deenanath Mangeshkar Hospital and Research Centre, a multi-speciality hospital in Pune 

city, India opened an exercise clinic namely BILD (behavioural intervention for lifestyle 
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disorders) clinic in 2017. It serves as an exercise training centre for prevention as well as 

treatment for neuro-orthopedic, metabolic and endocrine problems. The exercise prescription 

is personalized depending upon the problem addressed along with the capacity and physical 

limitations of the individual. In order to record the capacity and limitations of the patients, the 

centre conducts a routine health related physical fitness (HRPF) examination of every entrant. 

HRPF is a multidimensional functional fitness test consisting of 15 small tasks that examine 

different dimensions of physical fitness including abdominal plasticity, balance, endurance, 

flexibility, nerve-muscle coordination, muscle strength, core strength and agility. The set of 

tests, described in detail in the supplementary information, gives a differential score to each 

of the fitness components and a total composite fitness score.  During past one year the clinic 

had performed over 800 HRPF assessments covering age groups between 18 and 84. We 

noted that type 2 diabetics in the sample ranged between ages 28 and 84 and therefore we 

used the same range for the non-diabetic counterpart of the sample. This resulted in the 

selection of 285 males and 378 females out of which 81 males and 69 females were type 2 

diabetic.   

Results:  

BMI did not correlate with age significantly in either of the sexes (males r = -0.136, NS; 

females r = 0.085, NS). In both sexes WHR correlated positively with age (males r = 0.287, p 

< .001; females r = 0.227, p<0.001). In males, the HRPF score decreased with age but the rate 

of decrease was significantly steeper in diabetics (r
2
 = 0.451 and regression slope = -0.961, 

CI = -0.72 to – 1.28) than non-diabetics (r
2
 = 0.342, slope = -0.625, CI = -0.505 to – 0.74).  

The pattern was similar in females but the difference in the slope was not significant 

(diabetics r
2
 = 0.342 and slope = -0.747, CI=-0.531 to -1.03)) (non-diabetics r

2
 = 0.296, slope 

= -0.642, CI = -0.523 to -0.7451)). Nevertheless the best fit regression line for diabetics lay 

below that for non-diabetics throughout the age range indicating that at any age group 

diabetics were less fit than non-diabetics (figure 1). 

.CC-BY-ND 4.0 International licenseavailable under a
not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made 

The copyright holder for this preprint (which wasthis version posted March 22, 2019. ; https://doi.org/10.1101/580860doi: bioRxiv preprint 

https://doi.org/10.1101/580860
http://creativecommons.org/licenses/by-nd/4.0/


5 
 

  

 

Figure 1: Distribution of diabetics (grey-square) and non-diabetics (black - diamond) with 

respect to HRPF scores (a) males (b) female 

The different components of functional fitness were intercorrelated positively but the r
2 

values were small, over 95 % of them ranging between 0.00001 and 0.25 with occasional 

outliers going up to 0.42 (figure 2, table 1). The components were significantly positively 

correlated to the total score as expected in both sexes and the component that explained 

maximum variance in HRPF was muscle strength (63.2% in males and 40.3% in females).  

 

Figure 2: (a) males (b) females: clustering of different components of functional fitness based 

on the pairwise coefficients of determination, using nearest neighbour clustering. Note that 

most coefficients are below 0.3 with the exception of balancing and muscle strength in 

females. Thus no single component represents overall fitness very well.   

After correcting for age, HRPF score was not correlated with BMI either in diabetics or non-

diabetics in both sexes. But BMI was negatively correlated with some of the components of 

functional fitness namely abdominal plasticity in females (r = -0.187, p <0.001), balance (in 

males r = -0.323, p < 0.001 and in females -0.430, p < 0.0001), muscle strength (in males r = 
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-0.233, p< 0.001; in females r = -0.409 p <0.001) and core strength in females (r = -0.247, p < 

0.001). WHR was significantly negatively correlated with age corrected HRPF (males r = -

0.231, p< 0.001; females r = -0.239, p< 0.001). Although statistical significance was seen, the 

coefficients of determination in both the cases were very small (0.052 and 0.057). BMI was 

not significantly correlated with WHR in both sexes. Thus neither BMI nor WHR reflected 

on functional fitness very well.  

The odds of finding a diabetic in the lowermost quartile of BMI was significantly greater than 

that in the highest quartile, contrary to the expectation in males (OR= 0.41 (0.19, 0.89); but 

the not in females OR = 0.65 (0.31, 1.37)) (figure 3). The odds of being a diabetic in the 

highest WHR quartile were significantly greater than the lowest quartile in females (OR = 

4.54 (1.95, 10.61)) as well as in males (OR = 3.81 (1.75, 8.3)). In both sexes the odds of 

being a diabetic were significantly greater in the lowest quartile of HRPF score than the 

highest (males OR = 10.52 (4.21, 26.13); females OR = 10.50 (3.53, 31.35)). In both sexes 

the ORs for HRPF were over two fold those of the corresponding ORs for WHR but the 

differences were not statistically significant. However when data on the two sexes were 

pooled with nested ranking, the odds ratio for HRPF (OR = 9.78 (4.93, 19.8)) was 

significantly greater than the OR for WHR (4.03 (2.09, 7.08); p one tailed = 0.03). Therefore 

the predictive power of HRPF appears to be greater than WHR and BMI. 

The odds ratios of the lowest to highest quartiles of some of the individual fitness component 

scores (figure 3) were also significant. However the OR of individual fitness components 

were lower than the total HRPF score and not significantly different from each other. The 

only exception was nerve-muscle coordination in males (OR =16.63 (6.36, 35.6)) for which 

the OR was greater than the OR for HRPF but the difference was not significant. However it 

was significantly greater than the OR for WHR (p one tailed 0.019). The predictive power of 

the multidimensional functional fitness generally appears to be better than most of the single 

task scores or single dimensions of functional fitness.  

Figure 3: Odds of being Type 2 diabetic among quartiles of different components of 

functional fitness in comparison with morphometric indices. Males- dense dots, females – 

sparse dots. 
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Females HRPF 

score 

BMI WHR AP 

Score 

Balance Endu Flex NMC Musc Agil 

BMI -0.036          

WHR -0.239 0.147         

AP Score 0.198 -0.187 -0.271        

Balance 0.617 -0.430 -0.275 0.123       

Endurance 0.419 0.020 -0.119 0.085 0.260      

Flexibility 0.419 -0.060 -0.002 0.196 0.275 0.205     

NMC 0.284 -0.053 -0.187 0.046 0.188 0.163 0.029    

Muscle 

strength 

0.635 -0.409 -0.170 0.162 0.655 0.274 0.349 0.170   

Agility 0.593 -0.089 -0.143 0.062 0.412 0.362 0.174 0.285 0.437  

Core 

Strength 

0.527 -0.247 -0.122 0.110 0.442 0.276 0.215 0.169 0.449 0.344 

           

Male HRPF 

score 

BMI WHR AP 

Score 

Balance Endu Flex NMC Musc Agil 

BMI -0.213          

WHR -0.231 0.342         

AP Score 0.347 -0.076 0.049        

Balance 0.740 -0.323 -0.216 0.072       

Endurance 0.630 -0.019 -0.177 0.101 0.379      

Flexibility 0.524 -0.080 -0.153 0.135 0.279 0.243     

NMC 0.485 0.066 -0.231 0.001 0.282 0.368 0.102    

Muscle 0.795 -0.233 -0.164 0.154 0.531 0.408 0.397 0.289   

Agility 0.726 -0.034 -0.143 0.122 0.428 0.502 0.210 0.431 0.464  

Core 

Strength 

0.666 -0.189 -0.136 0.072 0.441 0.404 0.299 0.313 0.502 0.401 

Table 1: Correlation between components of functional fitness and morphometric indices. 

Significant correlations after applying Bonferroni correction are indicated by bold font. Pair 

wise (r) values are tabulated in the two sexes. Note that total HRPF score is most consistently 
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correlated with all other measures followed by balance, whereas BMI, WHR and abdominal 

plasticity are not frequently correlated. 

 

Since WHR and HRPF were good predictors of diabetes but not BMI, we tested whether 

WHR and HRPF were independent predictors. After correcting for WHR, HRPF remained a 

significant predictor although the odds ratio decreased in males (OR = 5.05 (2.33, 10.98)). In 

contrast the OR for WHR corrected HRPF increased in females (OR = 22.3 (6.59, 75.5)). 

Reciprocally after correcting for HRPF, WHR remained a significant predictor with a 

marginal decrease in odds ratios (males 3.766 (1.7, 8.37); females (2.58 (1.18, 5.63)). This 

indicates that both WHR and HRPF are independent predictors. Moreover after removing the 

confounding the OR for HRPF in females was significantly greater than OR for WHR (p one 

tailed 0.0015). Also with both sexes pooled the difference was statistically significant (p one 

tailed = 0.0068). Thus with or without confounding, multidimensional functional fitness 

score appears to have a greater predictive value than the obesity parameters BMI and WHR.  

In a scatter along the HRPF and WHR coordinates, diabetic and non-diabetic groups formed 

significantly different clusters (Figure 4) in females (PerMANOVA, F = 30.18, P = 0.001) as 

well as males (PerMANOVA, F = 42.92, P = 0.001).   
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 Figure 4: The distributions of diabetics (orange circle) and non-diabetics (blue circle) with 

respect to HRPF score and WHR (a) females (b) males. The bar diagrams represent the 

distributions along one dimension at a time (grey bars diabetic, dashed ones non-diabetic. In 

both sexes the distribution of diabetics have a downward shift along the HRPF axis and an 

upward shift along the WHR axis. 

Since WHR and HRPF are independent predictors of T2DM, one would expect maximum 

risk for individuals with bad fitness score as well as bad WHR. Simultaneously it would be 

enlightening to see the risk for individuals that have good functional fitness but bad WHR, or 

good WHR but bad functional fitness. Since the correlation between WHR and HRPF was 

weak, it was possible to find individuals in the worst (forth) quartile of WHR but the best 

(forth) quartile of HRPF and vice versa. When the proportion of diabetics in the four 

combinations were plotted (figure 5) the maximum incidence (32 out of 59) was in the lowest 

HRPF and highest WHR class as expected, and lowest (only 2 out of 44) in the diametrically 

opposite combination. This indicates that the effects of WHR and HRPF are synergistic. 

However it can be seen that the gradient across HRPF was much sharper than the gradient 

across WHR. Furthermore in the combination where WHR is expected to have a prodiabetic 

and HRPF a protective effect, the incidence was only 1 out of 18, but when HRPF was 

predictive of diabetes and WHR protective it was 12 out of 31.  So when cases in which the 

two predictors were in opposite direction, HRPF was a better quantitative predictor than 

WHR.  
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Figure 5: The proportion of diabetic people along the first and forth quartiles of WHR and 

HRPF. As expected, the proportion in the lowest HRPF and highest WHR quartiles is the 

largest and highest HRPF and lowest WHR quartiles the smallest. Particularly notable 

pattern is that individuals that has good HRPF scores had low incidence even when WHR 

was bad. On the other hand when WHR was good but HRPF bad, the incidence was 

substantially higher. Pooled data on both sexes where ranking is done separately in males 

and females.  

In order to examine whether the association between lower HRPF scores and T2DM is 

dominated by the weaker components of fitness or the stronger ones, we ranked all 

individuals according to each of the component fitness scores and then for each individual 

totalled the lowermost and uppermost three ranks. The index thus obtained for the weaker 

dimensions of fitness was a much better predictor of T2DM, the odds ratio for males being 

OR =13.4 (4.84, 37.14) and females OR = 19.51 (4.47, 84.3). On the other hand the index for 

the three strongest components had a relatively lower predictive power, OR for males being 

8.52 (3.06-23.76); females 4.64 (2.06, 10.4)). The difference between ORs of weakest and 

strongest components was statistically significant for females (p one tailed 0.039), for males 

it was not statistically significant but the direction of change was similar. This suggests that 

weakest fitness dimensions appear to influence the association more than the strongest fitness 

dimensions for any individual. 

Since we observed from the data that there was a significant association between low fitness 

score and T2DM, we tried to address the question whether diabetes leads to progressive 

decline of fitness or whether loss of fitness is a predisposing factor for diabetes. The age 

related decline in HRPF is faster in diabetics than in non-diabetics in males but not in females 

as shown earlier. If diabetes leads to progressive loss of fitness, we would expect people with 

longer duration of diabetes to have lower fitness scores. Among the individuals in the sample 

data on duration of diabetes was available for 52 males and 38 females. In this subsample, we 

did find a significant negative correlation between HRPF and duration of diabetes in males (r 

= -0.38, p = 0.01). After correcting for age the correlation was lost. On the contrary, the age-

HRPF negative correlation was not lost after correcting for duration of diabetes (corrected r = 

0.569, p = 0.01). This suggests that the apparent negative correlation of HRPF with duration 

of diabetes is likely to be contributed by age alone. In females, on the other hand, there 
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wasn’t a significant correlation between HRPF and duration of diabetes (r = -0.237, p > 0.05). 

Therefore the prediction of the hypothesis that diabetes leads to a progressive loss of fitness 

is not supported by data. Although the causal relation cannot be ascertained from this analysis 

alone, its inability to support progressive effect of diabetes on fitness makes it more likely 

that loss of fitness predisposes to diabetes.  

Discussion:  

The different dimensions of functional fitness such as balance, endurance, flexibility, nerve-

muscle coordination, muscle strength, core strength and agility captured by component 

fitness scores were correlated positively with each other but the correlations were weak. This 

means that the different components of fitness are unlikely to be represented well by a single 

test or measurement. Fitness is necessarily a multidimensional concept and only 

morphometry or a single task performance does not reflect on overall fitness sufficiently well. 

In particular, BMI and WHR were poorly correlated with the functional fitness components 

and therefore are unlikely to be good surrogates of overall fitness.  

The most important finding of the study is that the multidimensional fitness score is a 

substantially better predictor of T2DM as compared to BMI and WHR in a cross sectional 

sample. Our study was retrospective and was not a randomized sample from the population. 

Nevertheless there is no apparent reason why a self-selection bias would lead to lower fitness 

scores in diabetics as compared to non-diabetics. The study is certainly indicative and should 

be followed up with prospective studies with better sampling design.  

The question whether any particular single component of fitness is a better predictor of 

T2DM needs to be kept open since we did not find a significant difference in their predictive 

ability in terms of OR. Nevertheless almost all single components had ORs smaller than the 

total score which indicates the importance of multidimensional functional fitness score. If 

some component is found to be consistently the best predictor across different populations, it 

may become a simple and single useful test in future, but from our sample it appears that it is 

necessary to look at different dimensions of fitness. 

The exercise of taking the lowermost and uppermost scores suggests, on the other hand, that 

rather than a single component, an individual’s weakest fitness components appear to 

determine the risk of being diabetic. This means that a balanced and all round fitness needs to 

be emphasized and only being normal weight or strong in one or two components may not be 

sufficient. Different types of exercises have differential emphases on particular fitness 
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components. Therefore rather than one particular type of monotonous exercise, diversity of 

exercises strengthening different components of functional fitness is likely to be a more 

successful preventive measure. This is an interesting possibility raised by this study which 

needs more research to explore its translational importance. 

The study exposes the extremely limited role of obesity parameters in T2DM either as causal 

or simply correlated variables. Particularly since south Asia is known to have a substantial 

number of normal weight type 2 diabetics, it is necessary to move the focus from obesity to 

better correlated, and if possible demonstrably causal factors. Sarcopenia is a known 

predisposing factor for insulin resistance (20)(21) which would be reflected in some 

components of the fitness tests. However in our study balance, endurance and nerve muscle 

coordination were also good predictors of T2DM without necessarily being very highly 

correlated with muscle strength. Therefore it is possible that apart from fat and muscle mass, 

a number of other functional fitness parameters play a role.  

The mainstream thinking about the aetiology of type 2 diabetes has undergone many radical 

changes in the history. Until the 1960s many researchers believed that T2DM had a 

Mendelian genetic origin (22) and genes predisposing to T2DM contributed to obesity by the 

tendency to produce large amounts of insulin (22). In this thinking high insulin response was 

assumed to be causal to obesity. In the following decades the thinking was turned upside 

down and obesity was held primary and was believed to induce insulin resistance (23-24). 

The mainstream thinking of over three decades that obesity leads to insulin resistance and 

further to compensatory hyperinsulinemia is challenged today again by the claims that 

hyperinsulinemia precedes insulin resistance (2-5) and that high insulin levels are the primary 

contributors to obesity. While the causal relationship between insulin, insulin resistance and 

obesity is being debated, meta-analysis of the obesity insulin resistance showed that the 

correlation itself is quite week, explaining less than 15 % variance in most studies (9). 

Independent of the debate on the direction of the causal arrow, obesity-insulin resistance 

relationship by itself is inadequate to account for type 2 diabetes. Therefore there is an 

increasing need to look beyond obesity and look for stronger causal or at least better 

correlated factors. 

At the same time it is necessary to elaborate on the possible theoretical underpinnings of the 

association between physical fitness and T2DM. In evolutionary medicine a number of 

hypotheses for the origin of T2DM have been suggested. The classical thrifty gene (23)  and 
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thrifty phenotype (25) hypotheses are obesity centred. There are alternative hypotheses based 

on behavioural and reproductive strategies or life-history strategies (26-28) which are not 

obesity centred, although they might allow a correlation with obesity. In these hypotheses, 

physical strength, social ranking and thereby reproductive opportunities play a more 

important role than obesity. A definite role of brain and neuronal circuits is being highlighted 

by a number of recent studies (29-31). In an ancestral environment, physical fitness is 

expected to play a role in deciding behavioural and reproductive strategies and therefore a 

change in metabolic and neuroendocrine make up may follow loss of physical fitness. For 

example, a physically weak individual is most likely to be a subordinate individual in a 

primate social hierarchy and accordingly needs to change its foraging, social and 

reproductive strategies (32-33). The position in social hierarchy might be lost by the loss of 

one or more components of fitness. Here the weaker components are likely to matter more 

than the stronger components. The strategic changes required on being weak are 

accompanied by metabolic, endocrine and immunological fine tuning (31-34). Although the 

relationship between physical fitness and social hierarchy has changed in the modern human 

society, human physiology is still likely to be responding according to the evolved ancestral 

optimization. This is the potential theoretical underpinning of the significant association 

between functional fitness and T2DM. 

The BILD clinic from where we took data for the retrospective study, had established a 

scoring system for assessing the different dimensions of functional fitness for a different 

purpose. We used the same scores in our analysis although they were not primarily optimized 

for the hypothesis under investigation. It is possible with more focussed research that simpler 

but better optimized tasks for multidimensional functional fitness can be designed 

specifically for more reliable prediction of endocrine and metabolic disorders. If our findings 

are found consistent and reproducible in other studies, simpler but better predictors can be 

devised to find useful clinical applicability. 

 

Methods:  

Statistics used: 

We used Pearson’s correlation analysis to examine the interrelationship between different 

fitness components and their relationship with age and obesity parameters. Bonferroni 

correction was applied to use a conservative significance level since multiple correlations 
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were being performed. Since T2DM is an age related disorder and since age had a significant 

negative correlation with fitness, age corrected fitness scores were used for further analysis.  

The male and female populations were divided into quartiles according to HRPF, individual 

fitness components, BMI and WHR. Odds of being a diabetic were calculated for each of the 

quartiles. Odds ratio (OR) between the 1st and 4th quartiles was used as a predictor. For the 

functional fitness components the odds of being diabetic were expected to be higher in the 

lowest quartile therefore the ratio of first to forth quartile was expressed. In the case of BMI 

and WHR, odds in the forth quartile were expected to be higher and therefore the ratio was 

expressed as forth to first quartile. The significance of difference between odds ratios was 

tested by z transformation of log OR difference using the standard errors of OR. We also 

looked at the odds ratios in the total population where males and females were ranked and 

quartiles identified separately and then pooled together.  

To examine whether the best or the worst fitness components contributed more to the 

association between HRPF and T2DM, we ranked individuals for each functional fitness 

component independently and then added the 3 highest and 3 lowest ranking scores of every 

individual and looked at odds of being diabetic across their quartiles. 

Multivariate normality was tested using (35) omnibus. Since the data were not normal for 

both females (Ep = 15.4, p < 0.004) and males (Ep = 20.82, p < 0.001), we used non-

parametric multivariate analysis of variance or PerMANOVA (36) with 9999 permutations to 

test the null hypothesis that the centroids and dispersion of the groups, in this case diabetic 

and non-diabetic, as defined by measure space are equivalent for all groups. PerMANOVA 

was performed using PAST 3.22 (37) 
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protocol part. MR, NB, MN and SB took care of exercises/tasks performed by 

participants. 

Authors declare there is no conflict of interests. 

 

Acknowledgments:  

.CC-BY-ND 4.0 International licenseavailable under a
not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made 

The copyright holder for this preprint (which wasthis version posted March 22, 2019. ; https://doi.org/10.1101/580860doi: bioRxiv preprint 

https://doi.org/10.1101/580860
http://creativecommons.org/licenses/by-nd/4.0/


16 
 

We than the management of Deenanath Mangeshkar Hospital and Research Center that 

supports the BILD clinic, Mr. Deepak Desai and Mrs. Sarita Desai for financing the study; 

Dr. Charu Bapaye,  Mrs. Poorva Joshi, Mrs Swati Mantri and management of Kamayani 

School for their support in the conceptualization stage, Mrs. Prajakta Gurjar,  Dr. Meeta Peer 

(Mr. Nanasaheb Bhanage Rehabilitation Center) for administrative support.  

 

 

 

References:  

1.  website:  http://www.who.int/diabetes/global-report/en/ 

2.  Chakravarthy, M. V., Zhu, Y., Wice, M. B., Coleman, T., Pappan, K.L., Marshall, 

C.A., et al. Decreased Fetal Size Is Associated With -Cell Hyperfunction in Early Life 

and Failure With Age. Diabetes;57(10):2698–707.(2008)  

3.  Porie,s W.J., Dohm, G. L. Diabetes: Have We Got It All Wrong?: Hyperinsulinism as 

the culprit: surgery provides the evidence. Diabetes Care;35(12):2438–42. (2012). 

4.  Corkey, B. E. Banting Lecture 2011: Hyperinsulinemia: Cause or Consequence? 

Diabetes;61(1):4–13. (2012) 

5.  Shanik, M.H., Xu, Y., Skrha, J., Dankner, R., Zick, Y., Roth, J. Insulin Resistance and 

Hyperinsulinemia: Is hyperinsulinemia the cart or the horse? Diabetes 

Care;31(Supplement 2):S262–8. (2008) 

6.  Templeman, N., Clee, S., James J. Suppression of hyperinsulinaemia in growing 

female mice provides long-term protection against obesity. 

Diabetologia.;58(10):2392–402.(2015)  

7.  Lustig, R., Hinds, P., Ringwald-Smith, K., Christensen, R., Kaste, S., Schreiber, R., 

Rai, S., Lensing, S., Wu, S., Xiogping X. Octreotide Therapy of Pediatric 

Hypothalamic Obesity: A Double-Blind, Placebo-Controlled Trial. J Clin Endocrinol 

Metab.;88(6):2586–92.(2003)  

8.  Blüher, M., Michael, M. D., Peroni, O. D., Ueki, K., Carter, N., Kahn B. B., Kahn CR. 

Adipose tissue selective insulin receptor knockout protects against obesity and obesity-

related glucose intolerance. Dev cell ;3(1):25–38. (2002) 

.CC-BY-ND 4.0 International licenseavailable under a
not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made 

The copyright holder for this preprint (which wasthis version posted March 22, 2019. ; https://doi.org/10.1101/580860doi: bioRxiv preprint 

https://doi.org/10.1101/580860
http://creativecommons.org/licenses/by-nd/4.0/


17 
 

9.  Vidwans, H. B., Watve, M. G. How much variance in insulin resistance is explained 

by obesity? J Insul Resist;1(1):1-14. (2017) 

10.  Yoon, K. H., Lee, J. H., Kim, J. W., Cho, J. H., Choi, Y. H., Ko, S. H., Zimmet, P., 

Son HY. Epidemic obesity and type 2 diabetes in Asia. Lancet (London, England) 

;368(9548):1681–8. (2006) 

11. Flowers, E., Lin, F., Kandula, N., R., Allison, M., Carr, J., Ding, J., Shah, R., Liu, K., 

Herrington, D., Kanaya, A. M. Body Composition and Diabetes Risk in South Asians: 

Findings From the MASALA and MESA Studies. Diabetes Care. 2019;1–8. 

12.  Barry, V.W., Baruth, M., Beets, M. W. DL, Liu J, Blair SN. Fitness vs. Fatness on All-

Cause Mortality: A Meta-Analysis. Prog Cardiovasc Dis;56(4):382–90. (2014) 

13.  Ortegaa, F., Cadenas-Sancheza, C., Lee, D., Ruiz J, Blair, S., Suic X. Fitness and 

Fatness as Health Markers through the Lifespan: An Overview of Current Knowledge. 

Prog Prev Med;3(2):10.(2018)  

14.  Kennedy, A. B., Lavie, C. J., Blair, S. N. Fitness or Fatness: Which Is More 

Important? JAMA;319(3):231–2. (2018) 

15.  Lee, H. Y., Yang, H. K., Song, H. J, Chang, H.J., Kang, J. Y., Lee, S. H., Solji, H. H., 

Kim, Y. K. Metabolic health is more closely associated with decrease in lung function 

than obesity. PLoS One;14(1):1–14. (2019) 

16.  Cetinus, E., Buyukbese, M. A., Uzel, M., Ekerbicer, H., Karaoguz A. Hand grip 

strength in patients with type 2 diabetes mellitus. Diabetes Res Clin Pract;70(3):278–

86. (2005) 

17.  Mainous, A. G., Tanner,R. J., Anton, S. D., Jo, A. Grip Strength as a Marker of 

Hypertension and Diabetes in Healthy Weight Adults. Am J Prev Med;49(6):850–

8.(2015) 

 18.  Brito, L. B., Ricardo, D. R. Araújo, D. S., Ramos, P. S., Myers, J., Araújo CG. Ability 

to sit and rise from the floor as a predictor of all-cause mortality. Eur J Prev 

Cardiol;21(7):892–8.(2014)  

19.  Van Lummel, R. C., Walgaard, S., Maier, A. B., Ainsworth, E., Beek, P. J., Van 

Dieën, J. H. The Instrumented Sit-to-Stand Test (iSTS) Has Greater Clinical Relevance 

than the Manually Recorded Sit-to-Stand Test in Older Adults. Bayer A, editor. PLoS 

.CC-BY-ND 4.0 International licenseavailable under a
not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made 

The copyright holder for this preprint (which wasthis version posted March 22, 2019. ; https://doi.org/10.1101/580860doi: bioRxiv preprint 

https://doi.org/10.1101/580860
http://creativecommons.org/licenses/by-nd/4.0/


18 
 

One 8;11(7):e0157968. (2016) 

20.  Srikanthan, P., Hevener, A. L. Sarcopenia Exacerbates Obesity-Associated Insulin 

Resistance and Dysglycemia: Findings from the National Health and Nutrition 

Examination Survey III. Earnest CP, editor. PLoS One ;;5(5):e10805.(2010) 

21.  Cleasby, M. E., Jamieson, P.M., Atherton, P. J. Insulin resistance and sarcopenia: 

mechanistic links between common co-morbidities. J Endocrinol;229(2):R67–

81.(2016) 

22.  Neel J V. Diabetes mellitus: a “thrifty” genotype rendered detrimental by “progress”? 

Am J Hum Genet;14:353–62.(1962) 

23.  Kahn, B. B, Flier, J. S. Obesity and insulin resistance. J Clin Invest;106(4):473–81. 

(2000) 

24.  Ye, J. Mechanisms of insulin resistance in obesity. Front Med 9;7(1):14–24. (2013) 

25.  Hales, C. N., Barker, D. J, Clark, P. M, Cox, L. J, Fall, C., Osmond, C., et al. Fetal and 

infant growth and impaired glucose tolerance at age 64. BMJ ;26;303(6809):1019–

22.(1991)  

26.  Watve MG, Yajnik CS. Evolutionary origins of insulin resistance: a behavioral switch 

hypothesis. BMC Evol Biol ;7(1):61. (2007) 

27.  Corbett, S., McMichael, S. J., Prentice, A.J. Type 2 diabetes, cardiovascular disease, 

and the evolutionary paradox of the polycystic ovary syndrome: A fertility first 

hypothesis. Am J Hum Biol;21(5):587–98. (2009) 

28.  Wells, J., Yao, P., Williams, J. E., Gayner, R. Maternal investment, life-history 

strategy of the offspring and adult chronic disease risk in South Asian women in the 

UK. Evol Med Public Heal;(1):133–45.(2016) 

29.  Deem, J. D., Muta, K., Scarlett, J. M., Morton, G. J., Schwartz, M. W. How Should 

We Think About the Role of the Brain in Glucose Homeostasis and Diabetes? 

Diabetes 66(7):1758–65.(2017) 

30.  Shpakov, A. O., Derkach, K. V., Berstein, L. M. Brain signaling systems in the Type 2 

diabetes and metabolic syndrome: promising target to treat and prevent these diseases. 

Futur Sci OA;1(3):FSO25.(2015) 

.CC-BY-ND 4.0 International licenseavailable under a
not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made 

The copyright holder for this preprint (which wasthis version posted March 22, 2019. ; https://doi.org/10.1101/580860doi: bioRxiv preprint 

https://doi.org/10.1101/580860
http://creativecommons.org/licenses/by-nd/4.0/


19 
 

31.  Kulkarni, S., Sharda, S., Watve, M. Bi-stability in type 2 diabetes mellitus multi-organ 

signalling network. Cras-Méneur C, editor. PLoS One;12(8):e0181536.(2017).  

32.  Watve, M. G. Doves, diplomats and diabetes: a Darwinian reinterpretation of type 2 

diabetes and related disorders. Springer, New York, Heidelberg, (London 2013). 

33.  Watve, M. Developmental plasticity :need to go beyond naïve thinking. Evol Med 

Public Heal :(1):178–80.(2017)  

34.  Watve, M.G., Mandani S. Why serum chemokine levels are raised in insulin resistance 

syndrome: An immune reversal hypothesis. Curr Sci.;95(2):171–4.(2008)  

35.  Doornik, J., Hansen H. An Omnibus Test for Univariate and Multivariate Normality. 

Oxf Bull Econ Stat.;70:927–939. (2008) 

36.  Anderson, M. J. A new method for non-parametric multivariate analysis of variance. 

Austral Ecol. 26:32–46. (2001) 

37.  Hammer, Ø., Harper, D.A.T. & Ryan PD. PAST : Paleontological statistics software 

package for education and data analysis. Palaeontol Electron. 2001;4(1):1–9. (2001) 

 

 

.CC-BY-ND 4.0 International licenseavailable under a
not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made 

The copyright holder for this preprint (which wasthis version posted March 22, 2019. ; https://doi.org/10.1101/580860doi: bioRxiv preprint 

https://doi.org/10.1101/580860
http://creativecommons.org/licenses/by-nd/4.0/

