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Abstract: 
Background:Type 2 diabetes and obesity have reached epidemic proportions all over the world. Women will 

account for the majority of diabetic cases by the year 2050.  Effect of age on Cardio-metabolic risk factors in 

red meat consuming female type 2 diabetic patients needs to be studied. 

Objective:The aim of this study was to retrospectively assess the relation between red meat consumption and 

glycemic control, blood pressure and obesity in young and aged female patients of type 2 diabetes. 

Methods: This is a retrospective study done from the medical records of the patients of type 2 diabetes attending 

the YMC hospital, Mangalore. The study group consisted of female diabetic patients predominantly consuming 

red meat diet aged between 27 to 65 years. They were divided into two groups based on their age (viz. <40 

years, >40 years of age). Their FBS, PPBS, Blood pressure and BMI were noted. These parameters between 

two age groups of red meat consumers were measured by unpaired t-test.  

Results: The data when analysed statistically revealed that  female diabetic patients aged above 40 years was 

positively associated with poor glycemic control in terms of both FBS and PPBS(p < 0.0005).There was 

significantly higher BMI and BP in elderly female diabetic patients (p < 0.0005 & p< 0.005 respectively).  

 Conclusions: We found that a consumption of red meat was associated with poor glycemic control, 

hypertension and obesity in patients of type 2 diabetes in elderly-aged women, which is likely due to their 

hormonal fluctuations. 
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INTRODUCTION: 

The twin epidemics of Obesity and Diabetes 

mellitus are fuelling an international public health 

threat. Obesity and diabetes are now considered as 

blood brothers. In India, there are about 40 million 

persons with diabetes and this number is predicted 

to rise to almost 70 million by 2025 according to 

the Diabetes atlas published by the International 

Diabetes Federation (IDF). [1] 

Insulin resistance is a major constituent of the 

metabolic syndrome - characterized by central fat, 

hyperglycemia, hyperinsulinemia and dyslipidemia 

[2]. Good glycemic control is important for the 

prevention of renal and metabolic complications of 

diabetes as well as for the prolongation of the 

development of major cardio-vascular disease in 

long term.   

One in ten women aged 45 and over had diabetes in 

North Carolina in 2007.  The prevalence of 

diabetes increased as women aged, with the highest 

prevalence among aged 75 and over.  The North 

Carolina diabetes prevention and control fact sheet 

of February 2009 projected that women will 

account for the majority of diabetic cases by the 

year 2050 [3]. Obesity, weight gain and physical 

inactivity are major risk factors for type 2 diabetes 

among women.  In female population cyclical 

hormonal changes also contribute to development 

of complications of diabetes, hypertension and 

obesity.  This study is thus aimed at correlating the 

blood glucose, blood pressure and body mass index 

in young and aged female diabetic patients.  

 

MATERIALS AND METHODS: 

This is a retrospective study done from the medical 

records of the patients of DM attending the 

Yenepoya Medical College hospital, Mangalore, 

Karnataka, India from Jan 2010 to May 2010. The 

study group consists of 100 female patients aged 

between 27 to 65years and all are house wife.  

These subjects were divided into two groups  of  50 

each based on their age (viz. <40 years, >40 years 

of age). The group consuming red meat for at least 

5 days a week.  And red meat is supplimented 

along with normal diet. Their diet history were 

collected from the Dietician’s record that included 

the amount of food consumed everyday for one 

week for individual patients. We have plotted the 

average of different food items consumed along 

with meat intake (grams/week) 

.  

 
 

Graph 1: Depicts the average diet patterns of predominantly red meat consumers 

 

Table.1: Inclusion & Exclusion Criteria for Study are shown. 

 

 

No Inclusion Exclusion 

 

1 Females on insulin 

2 Diabetic on oral hyperglycemic practicing yoga / any other exerice 

3 Red meat consumers predominately>5days/week Anti lipidemic drugs 

4 Housewife/sedentary life style 

(4hrs watching T.V&2hrs day time sleeping) 
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Table 2: Comparison between Various Parameters of Young (<40yrs) & old (>40yrs) Female Red Meat 

Consumer’s in Type 2 Diabetic Patients (Mean ± SD). 

 

**p<0.001 

 

Their anthropometric measurements, Blood 

Pressure (BP) recordings, Fasting Blood Sugar 

(FBS), Post Prandial Blood Sugar (PPBS) were 

noted. 

Body mass index (BMI) was calculated as weight 

(in kilograms) divided by standing height (in 

meters squared). According to standard guidelines, 

those with a BMI greater that 24.9 kg/m2 were 

defined as overweight and those with a BMI greater 

than 29.9 kg/m2 were defined as obese.   People 

with systolic/diastolic blood pressure levels >/= 

140/90 mmHg were defined as having 

hypertension. These parameters between two 

groups of red meat consumers were measured by 

unpaired t-test. 

RESULTS: 

Different parameters of young (<40yrs) & old 

(>40yrs) female red meat consumer’s in type2 

diabetic patients were measured by unpaired t-test. 

The statistical software SPSS ver17 & MS Excel 

were used for analysis. All tests were two-tailed 

and conducted at the 0.05 significance level.  The 

results revealed that females aged less than 40 

years of age tend to have significantly lower blood 

glucose levels.   The older group patients have 

hypertensive pattern of blood pressure recordings 

and were significantly higher than the younger 

group patients.  The older group have over-weight 

patterns of BMI ranging up to 29.75 and are 

significantly higher than younger group who have 

values below the cut off for over-weight. 

 

DISCUSSION 

The effect of Age on Blood Glucose levels in red 

meat consuming diabetic Women: 

In this study, we found that consumption of red 

meat was associated with a poor glycemic control 

in middle-aged women.  Our findings are consistent 

with recent evidence from the Nurses’ Health 

Study II of younger and middle-aged U.S.  Women 

[4]. Red meat appeared entirely responsible for the 

elevated diabetes risk in these large cohort studies 

[5]. Nevertheless, red meat is also a major source 

for saturated fat, cholesterol, animal protein, and 

heme iron. It has been shown that certain types of 

fat from red meat may play a major role in the 

development of type 2 diabetes [6].  

 

However, cholesterol intake tended to be positively 

related to an elevated risk of diabetes. Cholesterol 

intake from red meat may thus explain the observed 

association between red meat intake and poor 

glycemic control. Recently, body iron overload has 

been postulated to promote insulin resistance and 

increase type 2 diabetes risk [7-11].   

Endogenous estrogens levels are sufficient to exert 

a full protective effect against insulin resistance 

and glucose intolerance in experimental mice [12]. 

Estrogen receptors ERalpha and ERbeta exist in 

beta-cells. The role of ERbeta is still unknown, yet 

ERalpha plays an important role in the regulation 

of insulin biosynthesis, insulin secretion and beta-

cell survival. Activation of ERalpha by 17beta-

estradiol (E2) and the environmental estrogen 

bisphenol-A (BPA) promotes an increase of insulin 

biosynthesis through a non-classical estrogen-

activated pathway that involves phosphorylation of 

ERK1/2 [13]. Hence those who are in menstruating 

phase of life are generally protected against 

hyperglycemia. In post menopausal women, due to 

hyper stimulation of beta cells, they have a 

tendency to produce insulin resistance [13]. 

 

The effect of Age on Blood Pressure levels in red 

meat consuming diabetic Women: 

In our study, red meat consumption in elderly aged 

females had higher blood pressure.  Studies have 

shown that consumption of red meat was positively 

associated with 15-year cumulative incidence of 

increased blood pressure in black and white 

women.  Red meat may contain higher amounts of 

saturated fat, sodium, nitrates, or other food 

compounds that are detrimental to blood pressure 

[14-17], Furthermore, the consumption of red meat 

1–2times/d was associated with a 20–40% higher 

risk of developing elevated blood pressure than was 

the consumption of red meat 0.6 times/d.  The 

mechanism through which higher meat intake may 

lead to higher blood pressure is unclear, except that 

intake of meat replaces other foods, such as whole 

Parameters <40 years >40 years p- value 

FBS 111.44 ± 11.14 187.12 ± 78.14 <0.0005** 

PPBS 177.16 ± 16.85 278.16 ± 93.75 <0.0005** 

SBP 126.54 ± 11.82 151.00 ± 18.21 <0.0005** 

DBP 81.20 ± 7.99 93.00 ± 8.86 <0.0005** 

BMI 22.86 ± 2.57 25.94 ± 3.81 <0.0005** 
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grains, fruit, and vegetables, through a “substitution 

effect.”  [14]. 

Hormonal fluctuation in women influences the 

blood pressure in different age groups.  At the time 

of menopause, in addition to aging and together 

with the loss of estradiol (which is known to 

decrease renin release), this poor suppression of 

renin by salt could contribute to the development of 

salt-sensitive hypertension in elderly women and 

may reflect an interaction between the renin system 

and menopausal status  [18]. 

Androgens could also play a role in the rise in BP 

observed in menopausal women.  Several studies 

have suggested that sex steroid hormones have 

direct vascular effects that may contribute to the 

gender differences in BP regulation [19-21]. 

However, there is also some evidence suggesting 

that female sex hormones may actually protect 

against a salt-induced increase in BP, possibly by 

augmenting the renal excretion of sodium. Thus, 

when Dahl salt-sensitive (DS) rats receive a high-

sodium diet, female rats become less hypertensive 

than male rats [22]. A greater rise in BP has also 

been reported in spontaneously hypertensive 

female rats after ovariectomy [  23,24]. 

 

The effect of Age on BMI levels in red meat 

consuming diabetic Women: 

We found that BMI levels were higher in the above 

40 age group. Studies have shown that consistent 

and highly significant associations were noted 

between increased adiposity and elevated 

concentrations of estrogens and androgens.  The 

associations between increased physical activity 

and decreased concentrations of several of these 

hormones suggest that these hormones can be 

modified by lifestyle changes [ 25].  

Study in experimental mice shows that high fat 

content leads to insulin resistance by down 

regulating the gene responsible for mitochondrial 

oxidative phosphorylation in muscle tissue [26] and 

also by disrupting insulin signaling cascade. [27]. 

The proinflammatory cytokines released from 

visceral fat cells & adipose tissue resident 

macrophages causes disturbance in insulin 

signalling [28]. 

Management of hyperglycemia in different age 

groups of women: 

Women of reproductive age withT2D were 

associated with poor glycemic control compared to 

non-reproductive age women. Treatment regime for 

these women were followed as given in table.2. 

Total of 30,427 women were analyzed in a 

Malaysian population [29]. In a meta analysis 

study, treatment protocol followed showed first 

emphasis was given to diet & nutrition. The detail 

treatment schedule is shown in the flowchart.  The 

choice of drugs used in the order of preference is 

shown in the list [30]. 

 

 

 

Table 3: Management of Diabetes for Women with T2D in Reproductive Age and Non-Reproductive Age 

Group. 

 

Treatment of diabetes 

(n= 29871) 

Reproductive 

n (%) 

 

Non-reproductive 

n (%) 

 

Diet only 1.4% 1.2% 

Oral ADA only 85.4% 86% 

Insulin only 2.6% 2.2% 

Both oral &insulin 10.6% 10.6% 

 

Order of usage of glucose lowering agents: 

1. Biguanides 

2. Sulfonylureas 

3. Meglitinides 

4. (glinides) 

5. Thiazolidinediones 

6. a-Glucosidase 

7. inhibitorsa 

8. DPP-4 inhibitors 

9. Bile acid 

10. Dopamine-2 

11. GLP-1 receptor 

12. Amylin mimeticsa 

13. Insulins 
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Treatment Regime for Type 2 Diabetes: 

Healthy eating, weight control,increased physical 

activity 

 

   Initial drug monotherapy(Metformin) 

 

            Two-drug combinations 

 

            Three drug combination 

 

                    More complex 

 

                         (Insulin) 

 

 

CONCLUSION: 

In summary, our study indicates that a higher the 

age group of red meat consuming diabetic females, 

higher will be their blood glucose, Blood Pressure 

and BMI values.  Hence hormones may play a 

major role in regulation of the above parameters in 

red meat consuming diabetic women.  

 

 

Limitations of the study 

1. Retrospective study. 

2. Small study group. 

3. Limited variables. 

 

 

 

ACKNOWLEDGEMENT:  

Dr. Shankar Bhat K, Professor and Head of the 

Department of Physiology, Yenepoya Medical 

College, Mangalore. 

Dr. Moosabba, Professor and Head of the 

Department of General Surgery, Yenepoya Medical 

College, Mangalore. 

No funding has been received for this project. 

 

Conflict of Interest: “None to Declare” 

 

REFERENCES: 

1. International Diabetes Federation. Diabetes 

Atlas. Second edition. United States: International 

Diabetes Federation; [updated 2003, cited 2010 

Nov] available from: http://www.diabetesatlas.org 

2.Jarrett RJ. The metabolic syndrome. Lancet. 

2005; 366: 9501:1922. 

3.N. C. state centre for health statistics.  Women 

and Diabetes, North Carolina Diabetes prevention 

and control fact sheet. North Carolina: International 

Diabetes Federation; [updated 2009 February, cited 

2010,November] available from: 

www.ncdiabetes.org   

4.Song Y, Manson Je, Buring Je, Liu S.  A 

Prospective Study of Red Meat Consumption and     

Type 2 Diabetes in Middle-Aged and Elderly 

Women.  The Women’s Health Study.  Diabetes 

Care. 2004; 27:2108–2115. 

5.Schulze MB, Manson JE, Willett WC, Hu FB. 

Processed meat intake and incidence of type 2 

diabetes in younger and middleaged women. 

Diabetologia. 2003;46:1465–1473. 

6.Hu FB, van Dam RM, Liu S. Diet and risk of 

type II diabetes: the role of types of fat and 

carbohydrate. Diabetologia. 2001;44:805–817. 

7.Tuomainen TP, Nyyssonen K, Salonen R, et al., 

Body iron stores are associated with serum insulin 

and blood glucose concentrations: population study 

in 1,013 eastern Finnish men. Diabetes Care. 

1997;20:426–428. 

8.Fernandez-Real JM, Ricart-Engel W, Arroyo E, 

et al., Serum ferritin as a component of the insulin 

resistance syndrome. Diabetes Care. 1998;21:62–

68. 

9.Hua NW, Stoohs RA, Facchini FS. Low iron 

status and enhanced insulin sensitivity in lacto-ovo 

vegetarians. Br J Nutr. 2001;86:515–519.  

10.Ford ES, Cogswell ME. Diabetes and serum 

ferritin concentration among U.S.adults. Diabetes 

Care.1999;22:1978–1983. 

11.Jiang R, Manson JE, Meigs JB, Ma J, Rifai N, 

Hu FB. Body iron stores in relation to risk of type 2 

diabetes in apparently healthy women. JAMA. 

2004;291:711–717. 

12.Riant E, Waget A, Cogo H, Arnal JF, Burcelin 

R, Gourdy P. Estrogens protect against high-fat 

diet-induced insulin resistance and glucose 

intolerance in mice. Endocrinology. 2009 

May;150:2109-17. Epub 2009 Jan 22. 

13.Nadal A, Alonso-Magdalena P, Soriano S, 

Quesada I, Ropero AB. The pancreatic beta-cell as 

a target of estrogens and xenoestrogens. 

Implications for blood glucose homeostasis and 

diabetes. Mol Cell Endocrinol. 2009 May 

25;304:63-8. Epub 2009 Mar 9. 

14.Steffen LM, Kroenke CH, Yu X, et al., 

Associations of plant food, dairy product, and meat 

intakes with15-y incidence of elevated blood 

pressure in young black and white adults: the 

Coronary Artery Risk Development in Young 

Adults (CARDIA) Study1–3. Am J Clin Nutr. 

2005;82:1169 –77. 

15.Ascherio A, Hennekens C, Willett WC. 

Prospective study of nutritional factors, blood 

pressure and hypertension among US women. 

Hypertension. 1996;27:1065–72. 

16.Sacks FM, Donner A, Castelli WP. Effect of 

ingestion of meat on plasma cholesterol in 

vegetarians. JAMA. 1981;246:640–4. 

17.Miura K, Greenland P, Stamler J, Liu K, 

Daviglus ML, Makagawa H. Relation of vegetable, 

fruit, and meat intake to 7-year blood pressure 

change in middle-aged men: the Chicago Western 

Electric Study. Am J Epidemiol. 2004;159:572– 

80. 

http://www.google.co.in/search?hl=en&safe=active&client=firefox-a&hs=om6&rls=org.mozilla:en-US:official&channel=s&q=+site:diabetesatlas.org+Diabetes+Atlas+second+edition,+International+Diabetes+Federation,+2003.&sa=X&ei=kRnqTPruMYGkvgOygbXCCA&ved=0CCYQrAM
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Riant%20E%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Waget%20A%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Cogo%20H%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Arnal%20JF%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Burcelin%20R%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Burcelin%20R%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Gourdy%20P%22%5BAuthor%5D
javascript:AL_get(this,%20'jour',%20'Endocrinology.');
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Nadal%20A%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Alonso-Magdalena%20P%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Soriano%20S%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Quesada%20I%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Ropero%20AB%22%5BAuthor%5D
javascript:AL_get(this,%20'jour',%20'Mol%20Cell%20Endocrinol.');


IAJPS 2015, 2 (8), 1141-1146                 Pavana Krishnamoorthy et al              ISSN 2349-7750 

 

 
w w w . i a j p s . c o m  

 

Page 1146 

18. Pechère-Bertschi A, Burnier M. Female Sex 

Hormones, Salt, and Blood Pressure Regulation. 

AJH. 2004; 17:994–1001. 

19. Shan J, Resnick LM, Liu QY, Wu XC, 

Barbagallo M, Pang PK. Vascular effects of 17 

beta-estradiol in male Sprague-Dawley rats. Am J 

Physiol 1994;266:967–973. 

20. Barbagallo M, Dominguez LJ, Licata G, et al., 

Vascular effects of progesterone: role of cellular 

calcium regulation. Hypertension. 2001; 37:142–

147. 

21. Barbagallo M, Doninbues LJ, Licata G, et al., 

Effect of testosterone on intracellular Ca2+ in 

vascular smooth muscle cells. Am J Hypertens. 

2001; 14:1273–1275. 

22.Dahl K, Knudson D, Ohanien EV, Muirhead M, 

Tuthil R. Role of gonads in hypertension-prone 

rats. J Exp Med. 1975; 142:748 –759. 

23.Masubuchi Y, Kumai T, Uematsu A, 

Komoriyama, Hirai M. Gonadectomy-induced 

reduction in blood pressure in adult spontaneously 

hypertensive rats. Acta Endocrinol. 1982; 101:154–

160. 

24. Chen YF, Meng QM. Sexual dimorphism of 

blood pressure in spontaneously hypertensive rats 

is androgen dependent. Life Sci. 1991;48:85–96. 

25.McTiernan A, Wu LL, Chen C, Chlebowski R, 

Mossavar-Rahmani Y Modugno F. Relation of 

BMI and Physical Activity to Sex Hormones in 

Postmenopausal Women.   OBESITY September. 

2006;14:1662-1677 

26.Bonnard C, Durand A, Peyro S, Chaanseaume 

E, Chauvin M, et al., Mitochondrial dysfunction 

result from oxidative stress in skeletal muscle of 

diet-induced insulin resistance in mice. Clin Invest. 

2008;118:789-800. 

27.Mcardle MA, Finucane OM , Conneughton RM,  

McMorrow AM, & Roche HM. Mechanism of 

obesity-induced inflammation &insulin resistance: 

insight into emergency role of nutritional 

strategies.Front endocrinol (Lausanne).2013 May 

10;4:52. 

28.Hamdy O, Porramatikul S, Al-Ozairi, E. 

Metabolic obesity: The paradox between visceral 

and subcutaneous fat. Curr. Diabetes Rev. 2006, 2 , 

367–373 

29.Ai Theng C, Yein Lee.P ,  Sazlina SG,  Adam 

BM,  Chew BH. Poor glycemic control in younger 

women attending Malaysian public primary care 

clinics: findings from adults diabetes control and 

management registry. BMC Family Practice 2013, 

14:188 

30.Inzucchi SE, Bergenstal RM, Buse JB, 

DiamanTT, Ferrannini E. etal. Management of 

HyperglycemiainType2 Diabetes: A Patient-

Centered Approach. 2012;35:1365-1379. 

 

 

 
 

 

 

 

 

 

 

 

 


