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Abstract 

Background/Objective: Aging is associated with a decline in metabolic health, including impaired 

glucose regulation. Both diet and biological sex impact metabolic health, yet sexual heterogeneity in 

diet response is understudied. We report on sex-specific associations between diet and insulin 

sensitivity, insulin resistance, and android and intermuscular fat composition in older adults. 

Methods: This secondary analysis uses baseline data from a previously completed clinical trial 

(n=96), MASTERS study. An oral glucose tolerance test (OGTT) was used to calculate insulin 

resistance and insulin sensitivity as measures of metabolic function, while dual-energy x-ray 

absorptiometry and computed tomography were used to assess body composition. Univariate 

analyses were used to identify sex-specific associations between metabolic health and single nutrients 

and other dietary components. Multiple regression modeling was employed to identify dietary 

patterns that best predicted metabolic health. Results: In men, greater intake of vegetable protein 

(p<0.0001) and whole grains (p=0.001) were associated with higher insulin sensitivity, while refined 

grains (p=0.003) and conjugated linoleic acids (p<0.001) were negatively associated. In women, 

insulin sensitivity was positively associated with alcohol (p<0.001) and xylitol (p=0.007). In multiple 

regression models, diets rich in whole grains, nuts, and seeds predicted higher insulin sensitivity in 

men, while alcohol remained the strongest predictor in women. Conclusions: Men showed better 

metabolic health with plant-based diets, while alcohol intake was the strongest dietary factor linked 

to insulin sensitivity in women. These findings support the need for sex-specific clinical trials and 

dietary guidance for aging populations. 

Keywords: sex-based differences; insulin sensitivity; plant-based diet; body composition; alcohol 

intake; metabolic health 

 

1. Introduction 

Aging is a complex biological process associated with decreased metabolic health and functional 

abilities of older adults. These declines are influenced by genetic, environmental, and lifestyle factors. 

Among these, diet plays a critical role in promoting metabolic health and longevity [1]. A well-

balanced diet rich in certain nutrients, including essential micronutrients, antioxidants, soluble fiber, 

and protein, can mitigate chronic disease risks, promote physical function, and improve overall 

quality of life [2,3]. Furthermore, the adoption of specific dietary patterns, such as the Mediterranean 
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diet, have been associated with successful aging outcomes [4]. However, some evidence indicates 

that diet affects cardiometabolic outcomes differently in men and women [5–7]. 

Ample evidence demonstrates that men and women metabolize nutrients differently. For 

example, following a high-fat meal, pre-menopausal women more efficiently oxidize fat in the liver 

when compared with age-matched men [8]. While sex-specific dietary recommendations may 

support the maintenance of optimal metabolic health in older adults, the health implications of these 

differences in metabolism and their interaction with diet remain unclear. 

Glucose metabolism and insulin sensitivity are key aspects of cardiometabolic health affected by 

dietary choices. Impaired glucose tolerance and impaired fasting glucose increase the risk of type 2 

diabetes and cardiovascular disease, and older adults are often diagnosed with these conditions [9]. 

Insulin resistance, hyperinsulinemia, and excess activation of the insulin signaling pathway have 

been identified as key drivers of aging-related chronic inflammation [10], which is often called 

inflammaging [11]. Moreover, hyperinsulinemia has been directly linked with accelerated aging 

processes [12]. Consequently, strategies to enhance insulin sensitivity, such as caloric restriction, 

intermittent fasting, and pharmacological interventions like metformin, have shown promise for 

reducing the pace of aging [13], oxidative stress [14], and activity of signaling pathways downstream 

of insulin, for example mTOR [15]. Dietary interventions that bolster dietary quality and reduce 

circulating insulin are also a viable approach for mitigating inflammaging and enhancing metabolic 

health in older adults. 

The relationship between diet, nutrients, and glucose metabolism has been extensively studied. 

However, there is a knowledge gap concerning sex-specific associations, especially in the context of 

human aging. Therefore, the primary purpose of this secondary analysis is to identify nutrients and 

food groups that are associated with insulin sensitivity in otherwise healthy older adults. We 

hypothesized that the nutrients and food groups associated with insulin sensitivity would differ 

between men and women, supporting the need for clinical trials to define sex-specific dietary 

guidelines for successful aging and metabolic health. 

2. Materials and Methods 

2.1. Participants and Parent Study 

This study is a secondary analysis of the Metformin to Augment Strength Training Effective 

Response in Seniors (MASTERS) [16,17], which was a clinical trial in generally healthy older adults 

aimed at examining muscle mass and function in response to progressive resistance exercise training 

with and without the use of metformin [16,17]. Participants (n= 96) were recruited from the 

community at the University of Kentucky (UK) and the University of Alabama at Birmingham (UAB). 

The MASTERS study included older adults (median age approximately 69 years) and had equal 

enrollment of males and females. BMI ranged from approximately 19 to 34 kg/m², and participants 

exhibited moderate to high levels of physical function as assessed by the Short Physical Performance 

Battery (SPPB). From this parent study, we utilized data from all participants who had both baseline 

dietary data, as well as baseline data from the oral glucose tolerance test (OGTT; n=89), dual-energy 

x-ray absorptiometry (DXA; n=96), or computed tomography (CT; n=96). The dietary and OGTT data 

have not been published previously, excepting broad summary statistics included in the article 

reporting the original clinical trial [16,17]. All participants provided informed consent, and the study 

was approved by the University of Kentucky Institutional Review Board (#47128). 

2.2. Diet and Dietary Supplement Data Collection 

Participants’ diet was evaluated with a 4-day food record, which included three weekdays and 

one weekend day. Participants received written and verbal instructions on how to record all foods, 

beverages, and dietary supplements consumed, including portion sizes, preparation methods, and 

brand names when applicable. Participants were encouraged to use household measuring tools (e.g., 

measuring cups, spoons, food scales) and were provided with a portion size estimation guide. 
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2.3. Dietary Analysis 

Data from the MASTERS study baseline food and dietary supplement record collection were 

analyzed using the Nutrition Data System for Research (NDSR) 2019 software (Nutrition 

Coordinating Center, University of Minnesota). NDSR provides a comprehensive database for 

nutrient and food group analysis, including detailed breakdowns of macronutrient, micronutrient, 

and phytonutrient intake. Entries from food records were manually entered into NDSR by trained 

research staff and reviewed by a registered dietitian. NDSR was used to generate estimates of energy 

intake (kcal), macronutrients (carbohydrates, protein, fat), fiber, vitamins, minerals, and specific 

bioactive compounds (e.g., phytoestrogens, fatty acids, and inositol compounds). All individual 

nutrients reported by NDSR were included in our univariate analyses, and dietary and supplemental 

sources of nutrients were merged prior to analysis. To account for variations in energy intake, energy-

yielding components were analyzed as both absolute quantities and normalized per 1000 kcal and 

body weight. Additional variables were also created for nutrients that have recommendations in the 

US differing from the units in the output, for example percentage of overall energy intake for added 

sugar. 

Additionally, food group intake data (e.g., whole grains, refined grains, dairy, nuts, and seeds, 

processed and fresh meats) were calculated based on predefined categories in the NDSR system, 

which were merged to 25 combined food groups to reduce the number of variables in the multiple 

regression data analysis. 

2.4. Insulin Sensitivity and Insulin Resistance Calculations 

Participants completed a 75-g oral glucose tolerance test (OGTT) following an overnight fast of 

at least 8 hours. At the beginning of the test (0 minutes), a baseline blood sample was collected to 

measure fasting glucose and insulin levels as previously described [16,17]. Participants then 

consumed a standardized 75-g glucose solution within 5 minutes, followed by blood sample 

collection at 30-, 60-, 90-, and 120-minutes post-ingestion. The Matsuda Insulin Sensitivity Index 

(MAT-ISI) [18] and Homeostatic Model of Insulin Resistance (HOMA-IR) [19] were used to estimate 

whole-body insulin sensitivity and hepatic insulin resistance, respectively. 

2.5. Dual-Energy X-ray Absorptiometry (DXA) 

Body composition was assessed via DXA using a GE Lunar iDXA scanner (GE Healthcare, 

Chicago, IL). Scans were performed with participants in a supine position using standard imaging 

protocols [17]. All scans were analyzed using GE Lunar software version 10.0. The specific outcome 

variable of interest was the percentage of android region fat, defined as the ratio of android region 

fat (grams) to overall total mass in the android region (both lean and fat grams). 

2.6. Computed Tomography (CT) Scans 

Intermuscular fat (IMF) was assessed using a single-slice computed tomography (CT) scan at 

the mid-thigh, defined as the midpoint between the inguinal crease and the proximal border of the 

patella with the hip and knee flexed at approximately 90°. CT scans were performed on either a GE 

Discovery CT750 HD (UAB) or a Siemens Somatom Definition (UK) scanner. A 5-mm-thick cross-

sectional image of the right thigh was obtained using 100 mA with a scanning time of 3 seconds and 

a 512 × 512 matrix resolution. The scan was aligned to the predefined midpoint mark on each 

participant’s thigh as previously described [17]. Fat area was quantified using attenuation values 

from the CT scan images, analyzed with NIH ImageJ software (http://rsbweb.nih.gov/ij/). We used 

IMF area standardized to total fat area in the CT scan as a secondary outcome variable in our analyses. 

2.7. Statistical Analyses 

To assess which of the 201 nutrient and 13 other health-related measures (e.g., BMI) significantly 

associated with the outcome measures, univariate regression models were run for each nutrient 
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measure stratified by sex. Up to 10 nutrients with the smallest p-value were reported here for each 

metabolic or anthropometric outcome. To account for multiple comparisons in these univariate 

analyses, we set the significance threshold at p < 0.01. Where an absolute nutrient value and a 

normalized value both showed a p<0.01, only the variable with the lowest p-value is reported. To 

assess the food group variables (absolute portions), a model was developed using the feasible 

solutions algorithm (FSA) [20], which was implemented for males and females separately. The FSA 

searches through a random selection process to find the two variables (and their two-way interaction) 

that maximizes the R2 of the regression line predicting the outcome. Using the two-way covariate 

interaction with the largest R2 for each outcome variable, four analysis of variance models were then 

contrasted to demonstrate robustness. These models included the significant interaction, a model 

adding just baseline BMI, a model adding only minutes of weekly exercise, and a model including 

both covariates. The FSA analyses were run using the rFSA package in R, version 4.1.3 (R Foundation 

for Statistical Computing, Vienna, Austria) and model comparisons were run using SAS 9.4 (SAS 

Institute Inc., Cary, North Carolina). Descriptive statistics and t-tests comparing baseline 

demographic and health indicators and intakes of nutrients of interest between men and women were 

completed using IBM SPSS Statistics v.29. 

3. Results 

3.1. Participant Characteristics 

Participants were older, generally healthy American adults. Women tended to be metabolically 

healthier than the men with higher Mat-ISI, higher fasting glucose, and lower HOMA-IR, on average 

(Table 1). 

Table 1. Anthropometric and Metabolic Health Indicators. 

Variables (n=96)  
Men (n=47)  

Mean ± SD 

Women (n=49)  

Mean ± SD  
p-value1  

Age (years) 71.5 ± 5.6 69.2 ± 3.2 0.016 

Weight (kg) 85.3 ± 10.8 68.6 ± 9.9 <0.001 

Body Mass Index 27.3 ± 2.7 25.6 ± 3.4 0.006 

Systolic BP2 (mmHg) 129.7 ± 15.8 123.1 ± 14.4 0.036 

Diastolic BP (mmHg) 75.0 ± 9.9 71.1 ± 10.1 0.060 

Fasting glucose (mg/dL)* 99.4 ± 8.3 92.0 ± 12.3 0.002 

Mat-ISI3* 4.0 ± 2.0 6.0 ± 3.3 <0.001 

HOMA-IR4* 2.5 ± 1.5 1.6 ± 1.0 0.002 

Android Region % Fat5 40.0 ± 8.7 41.6 ± 10.4 0.382 

Intermuscular Fat Ratio6 0.24 ± 0.17 0.12 ± 0.04 <0.001 

1 Anthropometric and metabolic health indicators were compared using independent t-tests. 2 Blood Pressure 3 
Matsuda Insulin Sensitivity Index 4 Homeostatic Model of Insulin Resistance 5 Android region fat (grams) as a 

ratio of total mass in the android region (both lean and fat grams). 6 Intermuscular fat area (cm2) as a ratio of all fat 

area identified on the computed tomography (CT) scan * Seven participants had DXA and CT data but no fasting plasma 

glucose; n=89 for these variables 

3.2. Dietary Intake in Older Men and Women 

Dietary intake was evaluated among 47 males and 49 females. Significant sex differences were 

observed for energy intake, as males consumed more daily kilocalories in comparison to females, 

while females consumed more total fiber, which was driven by higher insoluble fiber intake (Table 

2). Dietary intake among females and males is reported in Table 2 below. 
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Table 2. Nutrient intake in males and females  . 

Nutrient 
Men (n=47) 

Mean ± S.D. 

Women (n=49) 

Mean ± S.D. 

p-value 

 

Total Energy (kcal) 1960 ± 471  1610 ± 421 <0.001 

Energy (kcal/kg) 23.7 ± 5.6 23.9 ± 6.4 0.876 

Total Fat (g/kg) 0.98 ± 0.29  0.98 ± 0.32  0.919 

Saturated Fat (g/kg) 0.31 ± 0.09 0.31 ± 0.16 0.851 

Total Omega-3 (g)    2.2 ± 1.1 2.0 ± 1.2 0.417 

Total Protein (g/kg) 0.98 ± 0.19 0.98 ± 0.27 0.935 

Animal Protein (g/kg) 0.63 ± 0.17  0.62 ± 0.25  0.866 

Vegetable Protein (g/kg) 0.35 ± 0.12  0.35 ± 0.10  0.760 

Total Carbohydrate (g/kg) 2.69 ± 0.84 2.74 ± 0.77 0.751 

Total Dietary Fiber (g/1000kcal) 11.2 ± 3.2  13.9 ± 3.6  <0.001 

Soluble Dietary Fiber (g/1000kcal) 4.3 ± 1.7  4.7 ± 1.7  0.174 

Insoluble Fiber (g/1000kcal) 6.8 ± 2.1 9.0 ± 2.4 <0.001 

Whole Grains (oz/1000 kcal) 0.79 ± 0.62 0.92 ± 0.75  0.38 

Refined Grains (oz/1000 kcal) 2.5 ± 1.0  2.1 ± 1.0  0.063 

Total Alcohol (g) 7.2 ± 10.1  7.8 ± 10.9  0.787 

Alcohol (g/1000kcal) 3.9 ± 5.4  4.8 ± 6.6  0.477 

Conjugated Linoleic Acid (g) 0.11 ± 0.04  0.09 ± 0.05  0.021 

Vitamin E (α-Tocopherol) (mg) 11.6 ± 6.1  11.1 ± 5.5  0.660 

Xylitol (g) 0.02 ± 0.01  0.02 ± 0.01  0.477 

Inositol (g) 0.40 ± 0.27  0.37 ± 0.16  0.622 

Phytic Acid (mg) 684 ± 326  677 ± 298  0.912 

Oxalic Acid (mg) 247 ± 152  209 ± 113  0.167 

Genistein (mg) 0.70 ± 1.63 0.95 ± 1.78 0.461 

Glycitein (mg) 0.10 ± 0.25 0.14 ± 0.28 0.482 

Eating Window (hours) 11.1 ± 1.1  11.1 ± 1.6  0.870 

3.3. Sexual Dimorphism in Nutrient Association with Metabolic Health 

3.3.1. Insulin Sensitivity Assessed with Mat-ISI 

In women, Mat-ISI was positively associated with intake of alcohol (g/1000kcal; p<0.001 total 

grams, p= 0.005) and xylitol (p = 0.007; Table 3), whereas BMI and body weight were inversely 

associated with insulin sensitivity (p < 0.001). In men, vegetable protein (p<0.0001), whole grains 

(p=0.001), inositol (p=0.002), phytic acid (p=0.002), vitamin E (p=0.003), and oxalic acid (p=0.003) were 

dietary variables most positively associated with Mat-ISI (Table 4). In addition to BMI and total body 

weight (p<0.0001 and p=0.0002, respectively), refined grain (p=0.003) and conjugated linoleic acids 

(p=0.003) were most negatively associated with Mat-ISI in men. There were no differences in intake 

of these food components and nutrients between the sexes (Table 2). Scatter plots of a subset of the 

data points are presented in Figure 1A-I. 
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Table 3. Dietary Factors Associated with Insulin Sensitivity in Women. . 

Variables (n=46)  Estimated Coefficient  p-value1  

Alcohol (g/1000kcal)  

Xylitol (g)  

0.25  

108.7164  

<0.0001  

0.006530  

1 Univariate regression models determined the top ten dietary components associated with Matsuda Insulin 

Sensitivity Index with significance threshold p < 0.01. 

Table 4. Dietary Factors Associated with Insulin Sensitivity in Men. . 

Variables (n=432)  Estimated Coefficient  p-value1  

Vegetable Protein (g/kg)  

Whole Grains (oz/1000kcal)  

Inositol (g)  

Phytic Acid (mg)  

Refined Grains (oz/1000kcal)   

Total CLA2 (g)  

Vitamin E (α-Tocopherol) (mg) 

CLA2 cis-9, trans-11 (g)  

Oxalic Acid (mg)    

Total Omega-3 Fatty Acids (g)    

10.4011  

0.7872  

3.4844  

0.0030  

-1.0181   

-22.0141   

0.2031   

-26.7475  

0.0059   

0.8110   

0.000017  

0.001179  

0.001619  

0.001657  

0.002691  

0.002749  

0.002813  

0.002914  

0.003470  

0.003544 

1 Univariate regression models were run to determine top ten nutrients associated with Matsuda Insulin 

Sensitivity Index with significance threshold p < 0.01 and top ten associations reported. 2 Conjugated Linoleic 

Acid 
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Figure 1. A-I. Scatter plots of dietary factors versus Matsuda Insulin Sensitivity Index (Mat-ISI). Panels depict 

vegetable protein intake in men (a), women (b), and all participants (c), with positive associations in men; total 

conjugated linolenic acid intake in men (d), women (e), and all participants (f), with negative correlations 

strongest in men; and alcohol intake in men (g), women (h), and all participants (i), with no relationship in men 

and positive correlations in women. Univariate analyses indicating significant associations are reported in Tables 

3 and 4). 

3.3.2. Insulin Resistance Assessed with HOMA-IR 

Univariate analyses showed significant sex-specific associations between dietary intake and 

insulin resistance (HOMA-IR). In females, higher BMI and weight were positively associated with 

HOMA-IR (p < 0.0001), reinforcing the strong role of adiposity in insulin resistance. Analyses showed 

no significant associations between HOMA-IR and dietary components in women. In males, higher 

energy-adjusted trans-fat intake (p<0.001), total solid fatty acids (p=0.003) , and trans-18:1 (trans-

octadecenoic acid; p=0.006) were positively associated with insulin resistance (p < 0.01), while 

vegetable protein was inversely associated (p< 0.003649) suggesting that processed and solid fats 

associate with fasted insulin resistance in men (Table 5). 

Table 5. Dietary Factors Associated with Insulin Resistance in Men. 

Variables (n=43)  Estimated Coefficient  p-value1  

Trans Fat (g/1000kcal)  

Solid Fat (g/1000kcal)   

Vegetable Protein (g/1000kcal) 

Trans-octadecenoic acid (g)  

Total Trans Fatty Acids  

1.4864  

0.1245 

-13.276  

0.5952  

0.5401  

0.000654  

0.002973  

0.003649 

0.005853  

0.006235  

1 Univariate regression models were run to determine top ten nutrients associated with HOMA-IR with 

significance threshold p < 0.01 and top ten associations reported. 

3.3.3. Android Fat 

In women, total protein (<.000001), calcium (p = 0.008) and self-reported number of alcoholic 

beverages per week (p=0.008) were associated with a lower proportion of body fat from android 

depots (Table 6).For android fat percentage (android region fat adjusted for total android region 

mass), men consuming more vegetable protein (both weight- and energy-adjusted p < 0.001), phytic 

acid (p < 0.001), whole grains (p < 0.001), weight-adjusted total carbohydrate (p < 0.001), dietary fiber 

(p= 0.001), d-alpha tocopherol (i.e., natural vitamin E), and insoluble fiber (p = 0.002), showed lower 

relative abdominal fat, whereas intake of cis-9, trans-11 CLA and total CLA were associated with 

higher android fat percentage (p < = 0.004; Table 7). 

Table 6. Associations between dietary factors and android region fat percentage in women . 

Diet Component (n=49)  Estimated Coefficient  p-value1  

Total Protein (g/kg)  -20.5690  <.000001  

Alcoholic drinks per week -1.2946  0.008008  

Calcium (mg)  -0.0067  0.008276  

1 Univariate regression models were run to determine top ten nutrients associated with DXA Android fat 

percentage (android fat grams standardized to total mass of DXA android region) with significance threshold p 

< 0.01 and top ten associations reported. 

Table 7. Associations between dietary factors and android region fat percentage in men . 

Diet Component (n=47)  Estimated Coefficient  p-value1  
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Vegetable Protein (g/kg)  -40.6456  0.000028  

Carbohydrate (g/kg)  -5.4602  0.000140  

Phytic Acid (mg)  -0.0137  0.000316  

Whole grains (oz/1000 kcal)  -3.2931  0.000660  

Total Dietary Fiber (g)   -0.5228  0.001071  

RRR(D)-α-Tocopherol (mg)  -0.9990  0.002194  

Insoluble Dietary Fiber   -0.7243  0.002255  

cis-9, trans-11 CLA (g)  108.2694  0.003059  

Total CLA (g)   86.6468  0.003729  

Animal Protein (g)  0.3465  0.006371  

1 Univariate regression models were run to determine top ten nutrients associated with DXA Android fat 

percentage (android fat grams standardized to total mass of DXA android region) with significance threshold p 

< 0.01 and top ten associations reported. 

Table 7. Associations between dietary factors and android region fat percentage in women . 

Diet Component (n=49)  Estimated Coefficient  p-value1  

Total Protein (g/kg)  -20.5690  <.000001  

Alcoholic drinks per week -1.2946  0.008008  

Calcium (mg)  -0.0067  0.008276  

1 Univariate regression models were run to determine top ten nutrients associated with DXA Android fat 

percentage (android fat grams standardized to total mass of DXA android region) with significance threshold p 

< 0.01 and top ten associations reported. 

3.2.4. Intermuscular Leg Fat 

Finally, intermuscular leg fat was inversely associated with soy isoflavones (glycitein and 

genistein) in women (p < 0.01), but no relationships were observed in men. 

3.4. Modeling the Association of Food Groups with Metabolic Health 

After identifying individual nutrients that are associated with metabolic health in each sex, we 

used multiple linear regression to model how intake of food groups is associated with the primary 

outcome of insulin sensitivity in both men and women while considering the potential impact of BMI 

and exercise on the outcome. 

3.4.1. Alcohol Intake Positively Associates with Insulin Sensitivity in Women 

For females, Model 1 showed that consideration of food group intake explained significant 

variability in the Mat-ISI (F(3, 47) = 9.68, p<0.0001, R2 =0.382; Table 8). Significant predictors included 

alcohol intake (β=3.12, p<0.001), which retained a similar effect in all models, and an interaction 

between alcohol and salty condiments (β=−2.58, p=0.004). When BMI was added (Model 2), the model 

fit improved (F(4,46) = 12.66, p<0.0001, R2=0.524). Adding only exercise (Model 3) weakened the 

overall model (F(4,46) = 7.11, p = .0002, R2 = 0.382), while the combined BMI and exercise model 

(Model 4) resulted in the best fit (F(5,45)= 9.91, p<0.0001, R2 =0.524). In Model 4, higher BMI was 

associated with lower insulin sensitivity (β=−0.42, p<0.001), while exercise was not significantly 

predictive (p=0.933). The results from all models indicate that alcohol intake is associated with higher 

insulin sensitivity in women, but salty condiments in the diet weaken the association. We speculate 

that overall dietary patterns that include foods where salty condiments are often used (e.g., fast foods) 

may diminish the positive association between alcohol and insulin sensitivity in women. 

Table 8. Alcohol Intake is Associated1 with Higher Insulin Sensitivity in Women. 
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Parameter 
Model 1 β  

(p-value) 

Model 2 β  

(p-value) 

Model 3 β  

(p-value) 

Model 4 β  

(p-value) 

Intercept 

Alcohol 

Salty Condiments 

Alcohol x Salty Condiments 

Baseline BMI 

Total Exercise (min/week) 

5.997 

(<0.001) 

3.125 

(<0.001) 

-1.037 (0.140) 

-2.581 (0.004) 

-- 

-- 

16.950 

(<0.001) 

2.113 (0.003) 

-1.249 (0.048) 

-1.676 (0.040) 

-0.417 

(<0.001) 

-- 

5.973 (<0.001) 

3.092 (<0.001) 

-1.037 (0.144) 

-2.571 (0.005) 

-- 

0.0003 (0.921) 

16.981 (<0.001) 

2.137 (0.006) 

-1.250 (0.051) 

-1.682 (0.042) 

-0.418 (<0.001) 

-0.0002 (0.933) 

1 Food-group (absolute portions) predictors were selected separately by sex using the feasible solutions 

algorithm (FSA) [20], which searches random variable pairs and their two-way interaction to maximize R²; the 

top interaction for each outcome was then tested in four ANOVA models (food group interaction only in model 

1; +baseline BMI in model 2; +weekly exercise minutes in model 3; +both covariates in model 4). 

3.4.1. Plant Foods Posivitively Associate with Insulin Sensitivity in Men 

For males, the food group-only model (Model 1) for Mat-ISI was significant (F(3,38) = 10.22, 

p<0.0001, R2 = 0.446; Table 9) and showed an interaction effect for intake of the nut and seed and 

whole grain groups, which were positively associated with Mat-ISI (β=0.26, p=0.002). Adding BMI 

alone (Model 2) retained the positive interaction effect between seed and nut and whole grain intake 

(β= 0.247, p = 0.002) and improved the model (F(4,37) = 12.72, p<0.0001 R2= 0.579). Exercise alone 

(Model 3) was also significant (F(4,37) = 9.19, p<0.0001, R2 = 0.498), while the combined BMI and 

exercise model (Model 4) explained the most variance (F(5,36) = 11.06, p<0.0001 R2 =0.606). Combined, 

the data suggest that an overall dietary pattern including seeds and nuts, in combination with whole 

grains, is associated with higher insulin sensitivity in men. Seeds, nuts, and whole grains accounted 

for less than 50% of total vegetable protein in men, so the results of the food group modeling support 

that healthful sources of vegetable protein are associated with higher insulin sensitivity in men. 

Table 9. Whole Plant Food Groups are Associated with Higher Insulin Sensitivity in Men. 

Parameter 
Model 1 β  

(p-value) 

Model 2 β  

(p-value) 

Model 3 β  

(p-value) 

Model 4 β  

(p-value) 

Intercept 

Whole Grains 

Baseline Nuts and Seeds 

Whole Grains x Nuts and 

Seeds 

Baseline BMI 

Total Exercise (min/week) 

3.492 (<0.001) 

0.146 (0.577) 

-0.466 (0.079) 

0.261 (0.002) 

-- 

-- 

11.691 

(<0.001) 

0.037 (0.872) 

-0.445 (0.059) 

0.239 (0.002) 

-0.294 (0.002) 

-- 

3.156 (<0.001) 

0.140 (0.579) 

-0.546 (0.037) 

0.259 (0.002) 

-- 

0.0004 (0.058) 

10.754 (<0.001) 

0.042 (0.853) 

-0.0506 (0.032) 

0.240 (0.002) 

-0.269 (0.003) 

0.003 (0.127) 

3.5. Figures, Tables and Schemes 

All figures and tables will be moved to this section in the final manuscript. 

4. Discussion 

This study examined sex-specific associations between dietary intake and markers of metabolic 

health in older adults. Key findings point to overall stronger associations between diet and metabolic 

health in men, as well as a tendency for men to show higher insulin sensitivity when consuming a 
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healthy plant-based diet. Men consuming higher amounts of vegetable protein, whole grains, and 

certain plant micronutrients and phytochemicals demonstrated lower levels of android fat and 

greater insulin sensitivity. Women tended to show higher insulin sensitivity with moderate alcohol 

consumption, while greater total protein from any source and calcium associated with less android 

fat. 

4.1. Plant-Based Diets and Insulin Sensitivity 

The positive association between plant-based dietary components and insulin sensitivity in men 

builds on existing evidence supporting the metabolic benefits of plant-based diets [6,21]. Previous 

studies have demonstrated that higher intakes of whole grains, legumes, and plant-derived bioactive 

compounds are associated with improved glucose metabolism and lower risk of type 2 diabetes in 

men [22,23]. Multiple regression modeling confirmed that legumes and whole grains, the food groups 

providing the most plant protein to the diet, were predictors of insulin sensitivity in men, whereas 

animal protein did not show a significant relationship with metabolic outcomes. These findings align 

with limited previous research indicating that plant-based protein sources reduce risk of developing 

type 2 diabetes and CVD in men [5,24], whereas diets rich in overall protein, even from animal 

sources, are associated with lower risk of developing type 2 diabetes in women [5]. Previously 

reported sex differences in protein metabolism further underscore the need for individualized dietary 

recommendations based on biological sex [25–28]. 

These findings suggest that combined intake of food groups can have synergistic benefits, 

highlighting the potential for dietary patterns emphasizing whole plant-based foods to improve 

metabolic health in aged men. 

4.2. Plant Phytochemicals 

Our findings also reinforce a positive relationship between inositol and phytic acid, a storage 

form of inositol, in metabolic health. Inositol is a group of bioactive compounds abundant in whole 

grains, legumes, and nuts. Myoinositol (MI) plays a critical role in insulin signaling as a precursor in 

the synthesis of phosphatidylinositol 3,4,5-trisphosphate (PIP3), a key component of the insulin 

signal transduction pathway. Within skeletal muscle, MI is enzymatically converted into D-chiro-

inositol (DCI), which enhances insulin signaling through mechanisms distinct from MI. Some 

evidence supports that supplementation with MI and DCI improves insulin sensitivity [29], 

particularly in men [30], suggesting that dietary inositol could be a promising adjuvant therapy in 

men with insulin resistance. 

4.3. Animal-Derived Fats 

Here CLA, particularly cis-9, trans-11, was negatively associated with insulin sensitivity in men. 

This isomer of CLA, which is found in the diet in the meat and milk products of ruminant animals, 

has previously been shown to increase GLUT4 expression and decreased macrophage infiltration of 

white fat in male ob/ob C57BL-6 mice [31]; however, the other common CLA isomer, synthetic trans-

10, cis-12, caused increases in insulin concentrations and insulin resistance in C57Bl/6J male mice [32] 

and decreases in insulin sensitivity in men [33]. In our study, nine of the top 20 foods contributing 

cis-9, trans-11 were types of sausage. Since men in this study did not supplement with CLA, their 

intake of the trans-10, cis-12 was low. Therefore, it is likely that the inverse relationship between CLA 

intake and insulin sensitivity in men is due to its presence in highly processed, high-fat animal foods 

rather than the effects of the cis-9, trans-11 CLA isomer itself. Given the complexity of human 

nutrition, it is overly reductive to classify a single nutrient as “beneficial” or “harmful” without 

consideration of overall diet and other behaviors that affect health. 

4.4. Alcohol in Women 
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Unlike men, insulin sensitivity in women was positively associated with alcohol and xylitol 

intake. Men and women consumed comparable amount of alcohol in this study, averaging 

approximately 4 g per 1000 kcal each day, which is considered low, given that a standard alcohol 

“serving” like one typical 12-oz beer has approximately 14g of ethanol. Previous research has 

suggested that low levels of alcohol consumption may have cardiometabolic benefits, especially 

reduced risk of hypertension, particularly in women when compared with men [34–37]. While human 

studies directly and prospectively investigating sexual dimorphism in metabolic responses to alcohol 

intake are limited, there is evidence that chronic alcohol intake results in lower glucose concentrations 

in female rats, but not male rats, even in the absence of acute alcohol ingestion [37]. Additionally, a 

meta-analysis in adults without diabetes showed a relationship between moderate alcohol intake and 

reduced HbA1c and fasting insulin among all participants but lower insulin sensitivity in women 

only [37]. 

Given that alcohol consumption had one of the strongest associations with insulin sensitivity in 

women, our findings support that there is potentially sexual dimorphism in response to low-

moderate chronic alcohol ingestion. On the other hand, average alcohol intake was similar between 

the sexes, but the alcohol source varied (Figure 2). While both sexes drank more wine than any other 

alcoholic beverage, women consumed it to a greater extent. Similarly, xylitol, which came primarily 

from wine and whole dark red and purple fruits in female participants’ diets, was positively 

associated with insulin sensitivity in our analyses. Since total xylitol intake was under a gram each 

day, even for the heaviest consumers, the association between these alcohols and insulin sensitivity 

may be more linked to the intake of dark fruits in various forms. 

 

Figure 2. Weekly servings by alcohol source in women and men. Women (top) tended to consume more wine 

and cocktails, while men (bottom) tended to consume fewer cocktails and more liquor and beer. 

4.5. Limitations 

Several limitations should be considered when interpreting our findings. First, the study utilized 

a secondary analysis of baseline data from a clinical trial, limiting causal inferences. Additionally, all 

self-reported dietary intake may be subject to measurement error and recall bias. Future research 

should aim to validate these findings in larger populations and explore potential mechanisms 

underlying the observed sex differences in metabolic responses to diet. 

5. Conclusions 

Our analysis highlights significant sex-specific associations between diet and metabolic health 

in older adults. Our findings suggest that plant-based dietary patterns, particularly those rich in 

vegetable protein, whole grains, and inositol, may have greater metabolic benefits for men, whereas 

alcohol and xylitol intake associate with better insulin sensitivity in women. These results contribute 

to the growing body of evidence supporting the need for sex-specific dietary recommendations to 

promote metabolic health. Further research is needed to elucidate the mechanisms underlying these 

associations and to inform personalized nutrition strategies for older adults. 
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