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Abstract 
Objective: To test the hypothesis that the type 2 diabetes mellitus (T2DM) 
phenotype in an indigenous population is characterized by proportionally 
short legs and obesity. Methods: Anthropometric characteristics were com-
pared in females and males with T2DM (n = 20, n = 8, respectively) and 
without T2DM (n = 117, n = 93, respectively). Factor analysis derived dimen-
sions were regressed on T2DM in logistic regression. Results: Weight, sitting 
height ratio and hip circumference were significantly lower (p < 0.0001) in 
females, while waist: hip ratio was significantly higher among women and 
men with T2DM (p < 0.0001 and p < 0.008, respectively). Arm circumference, 
triceps skinfold, arm muscle circumference, and right and left grip strength 
were significantly lower among T2DM women (p < 0.0001 for each). Five ro-
tated principal components accounted for 86.7% of the variance: muscular 
(grip) strength (29.6%), body mass (27.9%), central adiposity (10.7%), body 
height (9.3%), and trunk length (9.2%). Regression of factors on T2DM status 
among females indicated muscle strength (OR = 0.16, 95% CI: 0.04 - 0.71) 
and central adiposity (OR = 13.76, 95% CI: 3.80 - 49.83) were predictors of 
T2DM. In males, muscle strength (OR = 0.28, 95% CI: 0.07 - 1.08, p < 0.06) 
and central adiposity significantly predicted T2DM (OR = 3.17, 95% CI: 95% 
1.11 - 9.04, p < 0.008). Conclusion: Reduced muscle strength/mass and in-
creased central adiposity characterize the T2DM phenotype. 
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Proportions 

 

1. Introduction 

The type 2 diabetes (T2DM) phenotype has evolved with obesity or excess body 
weight being, perhaps the earliest phenotypic marker [1] [2]. Elevated weight- 
for-height expressed as the body mass index (BMI) [3] was also associated with 
T2DM [4] [5]. Although an elevated BMI is commonly associated with excessive 
fatness, the BMI is not an indicator of body composition. Skinfold thicknesses 
and predicted percentage body fat, both indirect estimates of body composition, 
were also used in the context of T2DM in several earlier studies; percentage fat 
was higher in individuals presenting T2DM [6] [7]. Over time, height, waist and 
hip circumferences, the ratio of the two (waist: hip ratio) and the ratio of waist 
circumference to height (waist: height ratio) were incorporated into studies of 
T2DM to address the potential importance of the relative distribution of abdo-
minal fat or central adiposity in contrast to excess mass or estimated relative body 
fatness per se. Evidence suggested an association between elevated waist-height 
and waist-hip ratios and T2DM [8]. Central adiposity estimated from the subsca-
pular skinfold thickness was also a predictor of T2DM in the Tecumseh Study [9].  

Although height did not consistently differ between T2DM and non-T2DM 
subjects, significantly shorter leg length (conversely, longer trunk length) was 
suggested in T2DM individuals [10]. Several large survey studies found leg 
length was significantly shorter among T2DM individuals [11] [12] [13] [14] 
[15]. Sitting height ratio or leg length ratio was used as the indicator of propor-
tional differences (relative trunk or leg length). Reduced leg length and related 
indices are frequently linked to chronic nutritional deprivation in early child-
hood, which has also been associated with T2DM in later adult life [11]-[16].  

The relative distribution of adipose tissue is a sex- and ethnic-specific pheno-
type [17], and some evidence suggests differentiation of T2DM by ethnic-specific 
criteria. For example, an East Asian T2DM phenotype was characterized by 
greater abdominal adiposity (higher waist circumference) despite a lower BMI, 
[18] while a Mexico City (Mestizo) T2DM phenotype included an elevated BMI 
and waist: hip ratio, increased body weight and thicker skinfolds [19]. Impaired 
glucose tolerance, a characteristic diagnostic of pre-diabetes and T2DM, was as-
sociated with proportionally short legs in Brazilian [15] [20], Chinese and 
American adults [21]. Shorter height and leg length and a decreased leg length- 
to-height ratio were also associated with insulin resistance and T2DM in Amer-
ican Hispanics, Whites, and Blacks sampled in NHANES III [20]. 

In the context of the preceding, the purpose of the present study is to analyze 
predictors of T2DM in a small sample of indigenous adult females and males in 
southern Mexico whose childhoods were complicated by mild to moderate un-
dernutrition [22]. 
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2. Methods 

School children, adolescents and adults resident in a rural Zapotec-speaking 
community were the focus of a survey in 2000. The community was located about 
23 km northwest of the city of Oaxaca de Juarez at an altitude of about 1640 m in 
the piedmont zone of the northern (Etla) branch of the Valley of Oaxaca in south-
ern Mexico. Characteristics of the Valley and community over the course of our 
studies have been previously described [20]-[26]. Census figures indicated a popu-
lation of 1939 in 2000. Although the population has a high proportion of Zapotec 
speakers, the majority is largely bilingual. The project was originally approved by 
the ethics committee at the Michigan State University. After initial contacts, per-
mission for the study was granted by the community authorities. Each individual 
also granted permission to be measured and interviewed.  

The community has been historically dependent upon subsistence agriculture 
with families working small plots of individually or communally owned land. 
About 90% of household heads were full-time farmers in 1978 [27]. The propor-
tion of full-time farmers had declined to about 30% by 2000 [28] [29] which re-
flected, in part, a breakdown in economic isolation. Some adults were now 
part-time farmers; other occupational activities included vendors, artisans, con-
struction workers, and industrial workers which generally required daily travel 
to the city of Oaxaca de Juarez. Based on observations in 2000, daily household 
chores, work-related and subsistence activities, in addition to regular walking 
suggested moderately active lifestyles in women and moderately-to-vigorously 
active lifestyles in men. Daily chores involved primarily animal care and agri-
cultural activities for men and household activities related to cleaning, washing 
and food preparation for women. In addition, many women produce corn tor-
tillas for sale, and take them to homes. 

Sample Description 
In 2000, 417 adults were measured, including 262 females and 155 males. Selec-

tion of adults > 39 years old and listwise deletion of missing values resulted in 137 
females and 101 males with complete data on all variables of interest. T2DM sub-
jects in the present analysis were alive at the time of the survey in 2000, but some 
had died sometime after the survey and before December 31, 2009. In a prior study 
of T2DM-related mortality 70 individuals were identified with the disease (n = 28) 
or had a constellation of clinical indicators (renal failure, cardiovascular disease, 
coma) that were imputed to be cases (n = 42) of T2DM-associated death [28]. Of 
the 70 T2DM cases previously reported, 35 individuals with T2DM-ascribed 
deaths were represented among those surveyed in 2000, and complete anthropo-
metric data were available for 28 subjects, 20 females and 8 males [28]. It is possi-
ble that some unknown proportion of the cases is present in the control 
(non-T2DM) group. If there are T2DM cases in the control group, the effect 
would be decreased magnitude and significance of group differences. The control 
group excluded three individuals who had diagnosed T2DM. Notably, in most 
populations 30% - 40% of T2DM individuals are undiagnosed.  
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Weight, height, sitting height, arm circumference, the triceps skinfold, waist 
and hip circumferences, and grip strength were measured during household 
surveys or at the community health center [30] [31] [32] [33]. Body weight was 
measured with a portable digital scale to the nearest 0.1 kilogram. All subjects 
were measured while wearing ordinary clothing with sweaters, sweatshirts, jack-
ets, ornaments, and shoes removed. To allow for variation in the clothing worn, 
measured weights were adjusted by subtracting 1.0 kg. Several older subjects 
wore traditional clothing which included a waist band; an additional 0.5 kg was 
thus subtracted from the measured weight.  

Height was measured with a field anthropometer with the subject standing 
erect without shoes on a flat surface. Sitting height was measured with the sub-
ject sitting erect on a flat surface. A smooth, flat board was used to insure an 
even surface for the measurements. Intra-observer technical errors of measure-
ment were 0.32 cm for height and 0.42 for sitting height. Leg length (sub-ischial 
length) was estimated as standing height minus sitting height. The BMI was es-
timated as weight (kg) divided by height (m2).  

Waist circumference was measured at the minimal circumference between the 
lowest ribs and iliac crest, while hip circumference was measured at the maxi-
mum extension of the buttocks [34]. For the few women wearing traditional 
clothing, the waist band was lowered to locate the measurement level. Both 
measurements were taken over clothing; the tape was gently pulled tight to 
compress the clothing. Unfortunately, replicate measurements of both circum-
ferences were not possible. The waist: hip and waist: height ratios were com-
puted by simple division. Elevated waist: hip cutoff for females was 85 cm and 90 
cm for men for categorical analysis. 

Relaxed mid-arm circumference (metal tape, nearest 0.1 cm) and the triceps 
skinfold (Lange caliper, nearest 0.5 mm) were measured on the left side. Tech-
nical errors of measurement were 0.29 cm and 0.83 mm for arm circumference 
and the triceps skinfold, respectively. Arm circumference was corrected for the 
thickness of the triceps skinfold to provide an estimate of mid-arm muscle cir-
cumference (EAMC) of the left arm [35].  

Grip strength of the right and left hands was measured with an adjustable dy-
namometer (Stoelting Smedley Hand Dynamometer, Stoelting Co., Wood Dale, 
IL) to the nearest 0.5 kg [36]. The dynamometer was adjusted to the hand size of 
each subject prior to testing; it was the setting with which the subject was com-
fortable. Subjects were encouraged to give a maximal effort with each trial. Three 
trials were given with each hand; trials were alternated between hands. The best 
trial with each hand was retained for analysis. Intraclass correlations among all 
trials with both hands ranged from 0.73 to 0.90, and indicated acceptable within 
day reliability for group comparisons, although correlations were generally lower 
in females. The sum of right and left grip strength was expressed relative to 
weight (grip: weight ratio), while left grip strength was also expressed relative to 
EAMC (LG: EAMC ratio). 
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Age as of the last birthday and/or date of birth was obtained from each subject 
at the time of measurement. For those who could not recall their birth date 
(primarily older adults), age as of last birthday was recorded and was indicated 
at mid-year [30] [31].  

Statistical Analysis 
Multivariate analysis of variance (MANOVA) and multivariate analysis of co-

variance (MANCOVA) were used to compare anthropometric characteristics 
and derived variables of the 20 women and 8 men who died of T2DM sometime 
after the anthropometric survey and the remaining 117 women and 93 men 
(non-T2DM) in the 2000 survey. Age was used as a covariate. The BMI was 
transformed into categorical variables: overweight (≥25 and <30), obese (≥30), 
and overweight plus obesity. Waist circumference was recoded to a binary varia-
ble (0,1) categories; >85 cm = 1 for females, and >90 cm = 1 for males. The waist: 
hip ratio was transformed into a binary variable, ≥0.90 vs. <0.90. Categorical va-
riables were tested against T2DM status using Mantel-Haenszel chi-square.  

Dimension reduction from 23 variables to five linear combinations (compo-
nents) was done to facilitate statistical analysis and interpretation. Principal 
components analysis with varimax rotation was used to approximate the best li-
near fit to the data. Loadings (correlations of metric with the principal compo-
nent) < 0.40 were suppressed. The determinant was 1 × 10−4, indicating a 
non-singular correlation matrix. Components with eigenvalues ≥ 1.0 were re-
tained as variables for analysis. Retained component variables were scaled in 
standard units (i.e., mean = 0, standard deviation = 1.0). Multiple logistic regres-
sion was used to evaluate the predictive value of the five principal components as 
independent (predictor) variables and T2DM (yes, no) as the dependent (target) 
variable. The five dimensions (components) were regressed on T2DM presence 
or absence in multivariate logistic regression analysis.  

Small sample size (n = 20 T2DM females and n = 8 T2DM males) is a major 
weakness of the analyses. A resampling technique was used for MANOVA, 
MANCOVA and logistic regression; PCA/factor analysis does not have a resam-
pling option. Bootstrapping (simple Monte Carlo, n = 10,000 resamples with re-
placement) was done to mitigate the effect of small sample size on produce ro-
bust variance estimates. Notably, bootstrapping does not always increase signi-
ficance as p values increase in some instances. Age at menarche was assessed in a 
separate analysis using age matched pairs and a paired t-test. 

3. Results 

Descriptive statistics for all variables, measured and derived, in T2DM and 
non-T2DM women and men are summarized in Table 1.  

Age-adjusted means and standard errors are also reported in Table 1 because 
age at the time of measurement differed significantly between T2DM and 
non-T2DM individuals (63.5 yrs. vs. 51.6 yrs., p < 0.0001 for females and 68.4 
yrs. vs. 56.0 yrs., p < 0.0001, respectively). Age at menarche was not significantly  
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different between T2DM (14.3 yrs. ± 0.3 SE) and non-T2DM women (14.9 yrs. ± 
0.3). There was no significant difference in height between T2DM and 
non-T2DM women or men. Women with T2DM were, on average, 4.0 kg lighter 
than non-T2DM women (p < 0.001). BMI was higher in non-T2DM women 
contrasted to T2DM females (26.4 v. 24.3, p < 0.04, respectively). Among T2DM 
men, BMI was 26.7 but lower (not significantly) among non-T2DM men (24.8). 
Sitting height was significantly (p < 0.0001) different between T2DM and 
non-T2DM women, with T2DM females 0.6 cm shorter than non-T2DM. Sitting 
height was shorter among T2DM and non-T2DM men by 0.3 cm, but the dif-
ference was not significant. Leg length was significantly (p < 0.001) longer in 
females with T2DM compared to non-T2DM females (0.8 cm), but was shorter 
in T2DM males by 1.1 cm (p < 0.46) relative to non-T2DM males. The sitting 
height ratio was higher among non-T2DM women (53.9 vs 53.4, p < 0.0001), 
and T2DM compared to non-T2DM men (53.0 vs 52.7, NS). Hip circumference 
was higher in non-T2DM compared to T2DM women (98.8 cm vs. 92.3 cm, p < 
0.0001) and men (92.9 cm vs 91.9 cm, NS), but waist circumference did not dif-
fer between groups of women and men. The waist:hip ratio was significantly 
higher among T2DM compared to non-T2DM women (97.0 vs 90.1, p < 0.0001) 
and men (98.6 vs 93.6, p < 0.008). Triceps skinfold, arm circumference, esti-
mated mid-arm muscle circumference, and grip strength and related ratios were 
significantly lower among T2DM women (p < 0.001 to p < 0.0001). The pattern 
in males was similar to that observed in females, except none of the differences 
are significant likely because of small sample size (n = 8). 

Among females, the frequency of overweight was higher in the non-T2DM 
(OR = 0.48), but was not significantly increased (Table 2). Obesity was not 
present in the sample of T2DM females, but was higher in the non-T2DM group 
(p < 0.04). Overweight plus obesity was significantly increased in frequency 
among non-T2DM individuals (OR = 0.25, p < 0.004). The frequency of a waist 
circumference ≥ 85 cm tended to be higher in T2DM individuals but was not 
significantly different between T2DM and non-T2DM women, nor were BMI 
(top tertile) or sitting height ratio (top tertile). 

In males, the frequency of overweight did not differ between the groups (p < 
0.16). The tendency was for frequencies of obesity, overweight plus obesity, and 
waist circumference > 90 cm, and BMI (top tertile) to be greater in T2DM com-
pared to non-T2DM men. The waist: hip ratio (top tertile) was significantly in-
creased in frequency among males with T2DM (OR = 9.52, 95% CI: 4.80 - 50.46, 
p < 0.006). 

The varimax rotated PCA (factor analysis) for the combined sample of women 
and men resulted in five components that accounted for 86.7% of variance 
(Table 3). The components included: 1) a muscle strength factor (27.9% with 
loadings on EAMC, grip strength and its transforms at 0.90 or higher); 2) a body 
mass factor (27.9%) with loadings on BMI and weight at 0.85 or higher; 3) a 
central adiposity factor (10.7%) which was correlated with the waist: hip ratio 
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(0.95), the top quintile of the waist: hip ratio (top quintile) (0.84); 4) a body 
height factor (9.3%) which loaded high on height (0.70) and leg length (0.53); 
and 5) a trunk length factor (9.3%) which loaded on sitting height ratio (top 
quintile) (0.87), and sitting height (0.85). This step was done to reduce dimen-
sions (i.e., the number of variables) because the sample size is small. The PCA 
components are standardized, and for each 1.0 increase in an odds ratio (OR) 
equates to a 1.0 standard deviation increase (or decrease) for the factor.  

Total Sample 
In the genders combined sample, multivariate logistic regression of T2DM 

status on factor 1 indicated that increased muscle strength was protective against 
T2DM (OR = 0.19, 95% CI: 0.09 - 0.39, p < 0.0001). Adiposity (factor 3) was as-
sociated with an increased propensity to have T2DM (OR = 6.02, 95% CI: 3.02 - 
11.99, p < 0.0001). Body height (PC component 4) was predictive of T2DM (OR 
= 1.59, 95% CI: 0.94 - 2.68, p < 0.03). The regression correctly classified 93.7% of 
cases with a pseudo R2 = 0.29 - 0.56. Taller individuals were usually taller with 
high central adiposity and reduced muscle strength compared to non-T2DM in-
dividuals. 

 
Table 2. Cross tabulation analysis of T2D status by indicators of overweight and obesity. 

 T2DM non-T2DM 95% CI 

Measure n n OR lo hi p 

FEMALES (n = 20) (n = 117)     

Overweight (OW) 6 63 0.48 0.17 1.31 0.12 

Obesity (OB) 0 21 -- -- -- 0.04* 

OW + OB 6 84 0.25 0.09 0.69 0.004 

Waist circ. > 85 cm 6 36 0.99 0.35 2.78 0.73 

BMI** 2 34 0.32 0.07 1.47 0.08* 

Sitting height ratio** 1 25 0.18 0.02 1.4 0.1 

Waist: Hip ratio** 20 24  --  0.0001*§ 

MALES (n = 8) (n = 93)     

Overweight (OW) 3 38 0.92 0.21 4.06 0.16 

Obesity (OB) 1 35 3.29 0.32 33.51 0.27* 

OW + OB 4 42 1.29 0.3 5.45 0.73 

Waist circ. > 90 cm 4 33 1.91 0.45 8.13 0.39 

BMI** 3 18 2.6 0.57 11.89 0.18* 

Sitting height ratio** 2 18 0.23 0.03 1.78 0.65* 

Waist: Hip ratio** 6 23 9.52 1.8 50.46 0.006 

*Fisher’s exact probability test, two tailed; **Top quintile; - § empty cell. 
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Table 3. Results of the principal components analysis of anthropometric and derived va-
riables with varimax rotation of the factors: Genders combined. 

 

Varimax Rotated Principal Components 

Muscle 
Srtength 

Body 
Mass 

Central 
Adiposity 

Body 
Height 

Trunk 
Length 

1 2 3 4 5 

Sum right + left grip 0.97     

EAMC 0.96     

Left grip 0.96     

Right grip 0.95     

Grip/weight 0.94     

Sitting height 0.58   0.55  

Age −0.5   0.48  

BMI  0.95  0.49  

Hip circumference  0.89    

Waist circum.  0.87  0.41  

Weight 0.4 0.85    

Arm circumference  0.85    

BMI (top quintile)  0.75    

Waist: height ratio −0.4 0.73    

Arm muscle circ.  0.72  0.41  

Triceps skinfold      

Waist: hip ratio  0.56 0.95 −0.47  

Waist: hip ratio (top quintile)   0.84   

Height 0.65   0.7 0.68 

Leg length 0.53   0.63 −0.51 

Sitting height ratio (top quintile)     0.87 

Sitting height ratio     0.80 

% variance 29.6 27.9 10.7 9.3 9.2 

Eigenvalue 6.5 2.4 2.0 2.0  

Total = 86.7% of variance explained. 
 

Females 
Among females, multivariate logistic regression analysis of T2DM status on 

the five PC’s components (factors) indicated three significant predictors of 
T2DM status: muscle strength, central adiposity, and body height (Table 4). 
High grip strength (OR = 0.16, 95% CI: 0.04 - 0.71) was protective from T2DM, 
high central adiposity (OR = 13.76, 95% CI: 3.80 - 49.03) predicted diabetes, and 
taller body height (OR = 4.61, 95% CI: 1.20 - 17.73) predicted diabetes status. 
The regression model correctly classified 91.2% of subjects and accounted for as 
much as 69% of variance according to pseudo R2 values (R2 = 0.39 - 0.69; Table 
4).  
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Table 4. Logistic regression analysis of principal components (from Table 2) with T2DM 
as the dependent variable. 

 
95% Confidence Interval 

OR lo hi p p§ 

GENDERS COMBINED      

Muscle strength 0.19 0.09 0.39 0.0001 0.001 

Body mass 0.65 0.36 1.15 0.14 0.21 

Central adiposity 6.02 3.02 11.99 0.0001 0.001 

Body height 1.59 0.94 2.68 0.03 0.02 

Trunk length 0.87 0.5 1.53 0.63 0.58 

FEMALES      

Muscle strength 0.16 0.04 0.71 0.02 0.02 

Body mass 0.51 0.23 1.13 0.1 0.14 

Central adiposity 13.76 3.8 49.83 0.0001 0.001 

Body height 4.61 1.2 17.73 0.03 0.02 

Trunk length 0.79 0.29 2.11 0.63 0.57 

MALES      

Muscle strength 0.28 0.07 1.08 0.06 0.09 

Body mass 1.02 0.33 3.09 0.98 0.86 

Central adiposity 3.17 1.11 9.04 0.03 0.008 

Body height 1.07 0.22 5.13 0.94 0.82 

Trunk length 0.93 0.45 1.9 0.84 0.71 

§p value is bootstrapped 1000 resample; Cox-Snell R2 = 0.39 and 0.15, females and males, respectively; Na-
gelkerke R2 = 0.69 and 0.36, females and males, respectively; 91.2% and 95% correctly classified, females 
and males, respectively. 

 
Males 
Among males, muscle strength (factor 1) was protective against T2DM (OR = 

0.28, 95% CI: 0.07 - 1.08, p < 0.09), indicating lower strength was associated with 
T2DM. Central adiposity (factor 3) was a significant predictor of T2DM among 
males (OR = 3.17, 95% CI: 1.11 - 9.04, p < 0.008), indicating increased fatness 
was predictive of diabetes. Pseudo R2 ranged from 0.15 to 0.36, and 95% of cases 
were correctly classified using this regression model in the sample of 8 T2DM 
males (Table 4). Bootstrapping did not substantively change the results. 

4. Discussion  

The comparison of the anthropometric characteristics of indigenous Zapotec 
women and men with and without T2DM indicated significant differences. 
Women with T2DM had, on average, an increased waist: height ratio and re-
duced weight, BMI, sitting height ratio, hip circumference, triceps skinfold, and 
grip strength compared to women without T2DM. T2DM men had significantly 
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higher waist: hip ratio compared to males without T2DM. The lack of signific-
ance in other measures was likely due to small sample size (Type II statistical 
error). Age at menarche has been reported to be lower among women with 
T2DM [37], but was not significantly different between T2DM and non-T2DM 
women. Nonetheless, T2DM women tended to have a lower age at menarche (p 
< 0.14). Using dimension reduction, three significant generalized components of 
the T2DM phenotype were indicated by factor analysis for females: 1) decreased 
strength and muscularity (grip strength and arm muscle circumference mea-
surements), 2) increased central adiposity (waist circumference, waist: hip ratio, 
waist: height ratio) in T2DM compared to non-T2DM women, and 3) increase 
in height due to longer leg length. The consensus T2DM phenotype components 
appear to be sarcopenia and central adiposity in indigenous women and men 
(Table 4). 

In several prior investigations, an increased sitting height ratio and decreased 
leg length were associated with the risk for T2DM [11]-[16] [20] [37]. Shorter 
legs and increased sitting height ratio were interpreted as suggesting early 
childhood deprivation in these studies because leg length is a sensitive indicator 
of chronic marginal health and especially nutritional conditions in children < 5 
years of age. Childhood deprivation is an apparent trigger for T2DM [38]. In the 
present analysis, age adjusted height did not differ between the T2DM and 
non-T2DM women or men. Leg length was significantly greater and the sitting 
height ratio was lower in the women with T2DM, which contrasted published 
data. On the other hand, estimated leg length tended to be shorter in the small 
sample of T2DM men, and siting height ratio was slightly higher, but not signif-
icantly. 

The present study was consistent with a prior study of T2DM in the Valley of 
Oaxaca regarding increased waist: hip ratio; however, Zapotec women with 
T2DM in the earlier study had an increased BMI compared to non-T2DM indi-
viduals [39]. Individuals in the present study had a lower BMI. Note, however, 
subjects in the present study were surveyed in 2000 and died < 10 years after the 
survey. Women in the Escobedo et al. [39] study were not followed to assess 
mortality. Thus, T2DM subjects in the present study may have a more advanced 
form or stage of the disease as suggested from the presence of sarcopenia in-
ferred from muscle strength and arm muscle circumference as they did die < 10 
years from the time of the anthropometric survey. Perhaps the apparently “acce-
lerated age-associated loss” of muscle mass (EAMC) and function (strength) ob-
served in the present study was associated with advanced T2DM. In addition, 
reduced hip circumference among T2DM women may also indicate loss of mus-
cle mass as the gluteus maximus muscle complex is the major component of the 
circumference. Neither grip strength nor limb muscle circumferences were re-
ported in the other study of Zapotec women [39]. Frailty, assessed from sarco-
penia, was also associated with elevated risk for mortality among T2DM indi-
viduals [40] [41]. T2DM women in the present study had apparent signs of ac-
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celerated aging, i.e., sarcopenia. With few exceptions, characteristics of the small 
sample of males with T2DM in the present study were generally consistent with 
those of females with T2DM.  

Sarcopenia refers to age-associated loss of muscle mass and function, although 
a certain amount of muscle loss with advancing years is “normally” expected. 
Among individuals with T2DM, loss of muscle strength and mass exceeded the 
expected age-associated loss of muscle mass and function in non-T2DM indi-
viduals [40] [41] [42]. Poorly controlled glucose levels are associated with great-
er muscle mass and functional loss, compared to good glycemic control [43]. 
Chronic kidney disease (CKD), a common comorbidity in advanced age T2DM 
individuals, is associated with accelerated and more severe sarcopenia than 
among T2DM individuals without CKD [44]. Among Hispanic Americans, the 
rate of sarcopenia was apparently greater than in non-Hispanic American 
Whites [44]. In the indigenous Zapotec population, the age-associated decrease 
in muscle strength was not linear across ages (19 to 89 yrs.); the slope increased 
significantly in males and females older than 40 - 49 years [36]. Estimated mus-
cle mass and strength were decreased among Zapotec women and men with 
T2DM compared to non-T2DM women and men, even after adjusting for age 
and age2; the results were similar to previously reported findings [40] [41] [42]. 
Importantly, frailty (loss of muscle mass and function) is a strong predictor of 
mortality [45] [46]. 

Observations for indigenous Zapotec women and men who died of T2DM 
and/or related conditions in southern Mexico contrast with the commonly ob-
served T2DM phenotype in populations of US Whites, African-Americans and 
Hispanics which included increased overweight and obesity, and an increased 
sitting height ratio [20]. Increased height was protective against T2DM, while 
increased weight and BMI were risk factors for T2DM in northern Europeans 
[46]. A common cliché in the general clinical literature is that 90% of individuals 
with diabetes are obese (or overweight) and that 10% of the obese (or over-
weight) population is diabetic [47]; this appears to characterize the European 
T2DM phenotype. However, T2DM individuals in the present investigation may 
have a more advanced form of the disease than subjects in prior studies because 
they died < 10 years from the time they were measured in 2000. 

Comparisons of the BMI across ethnic groups suggested a propensity for 
T2DM with an elevated BMI among individuals with T2DM, except for Asians 
among whom the BMI was not elevated [48] [49]. T2DM was associated with a 
lower BMI among individuals of Asian ancestry. T2DM among Asians was also 
characterized by increased abdominal fatness, greater insulin resistance and 
hyperinsulinemia, higher CRP, lower adiponectin, dyslipidemia (high LDL, high 
TGL, low HDL), and increased coronary artery disease [29] [49]. Insulin resis-
tance was more frequent than impaired insulin secretion in T2DM individuals 
with the Asian phenotype. In contrast, impaired insulin secretion was more fre-
quent than insulin resistance in the European T2DM phenotype [49]. Unfortu-
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nately, information on insulin secretion/resistance measures was not available 
for the Zapotec sample in this study. 

Phenotypic differences between Asian and European T2DM individuals in-
cluded weight, BMI and fat distribution [50]. The “Asian T2DM phenotype” was 
characterized by normal weight, BMI and height in conjunction with central ob-
esity and thin limbs [51]. In contrast to the present study, another sample of 
adult Zapotecs with T2DM had, on average, a BMI that was elevated compared 
to non-T2DM individuals and an increased frequency of obesity [39]. These in-
dividuals may not have advanced stages of T2DM. 

The T2DM phenotype observed in indigenous Zapotec women and men was 
similar to the Asian T2DM phenotype, which is consistent with the genetic his-
tory of indigenous people in Mesoamerica [52] who were derived from prehis-
toric Asian migrants via the Bering Strait land bridge [53].  

Reduced grip strength has been associated with T2DM in several studies [54] 
[55] [56] [57]. In addition, risk of sarcopenia was associated with increased insu-
lin resistance, and the risk exceeded the normal degree of age-associated decline 
in muscle strength and muscle mass [54] [58]. Sarcopenia is strongly associated 
with poor outcomes (e.g., cardiovascular, microvascular, nephropathy) in T2DM 
[59]. Reduction in insulin signaling apparently triggers decreased protein syn-
thesis and increased protein degradation resulting in reduced muscle mass [60]. 
Higher HbA1c is also correlated with greater age-associated decrease in muscle 
strength [20]. Hyperglycemia negatively affected muscular strength and quality, 
but not muscle mass in the Baltimore Longitudinal Study [42]. Sarcopenia 
among subjects in the present investigation may signal that these individuals had 
an advanced form of T2DM as they died within 10 years of being surveyed in 
2000.  

The two significant observations in the present study of indigenous Zapotec 
women and men merit attention. T2DM individuals were characterized by 1) 
reduced muscular strength (grip strength) and mass (EAMC), and 2) increased 
central adiposity (waist: hip ratio), and 3) normal or greater height. Although 
muscular strength and muscularity declined with age among Zapotec women 
and men as in other populations, [36] reduced grip strength also characterized 
individuals with T2DM as in several other studies [54] [55] [56] [57]. Increased 
central adiposity was characteristic of T2DM in individuals across several eth-
nicities, e.g., Asian, African American, European American and Hispanic Amer-
ican [60] [61] [62]. In the present analysis, loss of muscle mass and decrease in 
strength was significantly greater in T2DM women and men. 

Central adiposity was also a more specific predictor of T2DM than the BMI as 
an elevated BMI was associated with T2DM in non-Hispanic American Whites, 
but was not associated with T2DM among Asians [49]. The lack of an associa-
tion between an elevated BMI and T2DM among Asians has given rise to the no-
tion of an “Asian Indian Phenotype” which has also been labeled as the Thin-Fat 
Asian Indian phenotype for T2DM [63]. The Asian Indian T2DM phenotype is 
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characterized by normal weight and BMI, thin limbs (i.e., reduced extremity 
skinfolds and muscle mass), and a significantly increased waist: hip ratio [64]. 
The lower BMI, hip circumference, and triceps skinfold in the indigenous Zapo-
tec women with T2DM appeared to align with the Asian Indian T2DM pheno-
type. 

Several important limitations of the present study should be noted. First, a 
major limitation is reliance on T2DM-related mortality as no diabetes testing 
was done in this survey. It is likely T2DM subjects are in the comparison group, 
causing a bias toward the null hypothesis (i.e., no differences between the two 
groups) and underestimate T2DM effects. In addition, prior studies in the Valley 
of Oaxaca in Zapotec and Mixe Indians used biochemical diagnostics found an 
under ascertainment of T2DM as high as 70% [39]. Secondly, the sample size of 
T2DM subjects was small, 20 females and 8 males; this was ameliorated to some 
extent with bootstrapping (resampling) analyses. And third, only anthropome-
tric characteristics and cause of death from death records were available for 
analysis, whereas many significant phenotypic markers of T2DM are clinical 
chemistry measures. 

In the final analysis, the risk for T2DM was associated with reduced estimated 
muscle mass (increased sarcopenia) and grip strength, and with central adiposity 
in this small sample of Zapotec (Amerindian) women and men from a small ge-
netic isolate who died < 10 years after the anthropometric survey. The characte-
ristics of Zapotec women and men with T2DM were very similar to the Asian 
T2DM phenotype, which is reasonable given the Asian genetic heritage of indi-
genous peoples of the Americas. Increased BMI and sitting height were not asso-
ciated with T2DM, also consistent with the Asian T2DM phenotype. The Zapo-
tec female and male T2DM phenotype was, thus, characterized by normal height 
and proportions, reduced appendicular adiposity, increased central obesity, and 
reduced muscle mass and strength compared to women and men without 
T2DM. In summary, the T2DM phenotype derived from the present analysis 
may better predict T2DM mortality than T2DM per se. Therefore, in popula-
tions of Amerindian heritage, the Asian T2DM phenotype is more appropriate 
than the diabetes European phenotype. Future studies of T2DM in Amerindian 
indigenous populations should consider the Asian Fat-Thin T2DM phenotype as 
it seems more appropriate based upon indigenous population origins. 
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