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Introduction 
 
Diabetes is a serious and long-term disease that 
has a great impact on the health of individuals, 

families, and communities around the world. 
Just in 2017, diabetes led to 6.7 million deaths 

Abstract 
Background: We aimed to identify the level of known risk factors of diabetes associated with doubled likeli-
hood of diabetes type 2. 
Methods: In this cross-sectional study, an analysis was performed on the data of 9930 individuals aged 15 yr 
and older participating from 2014 to 2018 in the second phase of the Kerman coronary artery disease risk fac-
tors study (KERCADRS), Kerman, Iran. Data were collected using a standard questionnaire. Multivariable lo-
gistic regression was performed to identify factors associated with doubled chance of diabetes. 
Results: The mean age of participants was 46.1±15.5 yr from which 59.5% were women. Overall, 1105 (11.1%) 
individuals had type 2 diabetes. An increase of 13.86 yr in age, an increase of 17.32 kg/m2 unit in the amount of 
body mass index, an increase of 0.17 in the waist-to-hip ratio, a 77 mmHg increase in systolic blood pressure 
and 6.07 unit increase in triglyceride to HDL ratio doubled the chances of developing type 2 diabetes. 
Conclusion: Slight changes in the waist-to-hip circumference ratio (0.17), aging (14 yr), and increase in 
TG/HDL ratio (6.07 unit) were the most important risk factors, while intense physical activity was the most 
important protective factor associated with doubling of the chances of developing diabetes. Since most of these 
risk factors are modifiable, increase in physical activity and providing facilities to improve lifestyle in the com-
munity seems necessary. 
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all around. The high rate of mortality from this 
disease made it as the eighth leading cause of 
death worldwide (1). The global prevalence of 
diabetes in 2019 is estimated at 9.3% (463 mil-
lion people) and is predicted to reach 10.2% 
(578 million people) in 2030 and 10.9% in 2045 
(700 million people) (2). Overweight and obesi-
ty along with physical inactivity will account for 
a large proportion of the global burden of dia-
betes (3). Increased waist circumference and 
increased body mass index (BMI) are associated 
with an increased risk of type 2 diabetes (4,5). 
In a meta-analysis conducted in 2010, the rela-
tive risk of developing diabetes in people with a 
BMI above 30 was 7.19 fold that of people with 
a BMI below 25 (6). Other risk factors associat-
ed with the disease include obesity, high blood 
pressure, heart disease, family history, and race 
(7). Diabetes brings about variety of microvas-
cular and macrovascular complication in differ-
ent body organs. The risk of premature death 
increases among people with diabetes compared 
to non-diabetic individuals. Possible complica-
tions include heart attack, stroke, kidney failure, 
amputation, vision loss, and nerve damage, and 
uncontrolled diabetes during pregnancy increas-
es the risk of fetal death and other complica-
tions (4). 
According to the WHO in 2016, the prevalence 
of diabetes in Iran at the age of 20-74 yr was 
9.6% in women, 11.9% in men and 10.3% in 
the total population (8). Based on a national 
study conducted in 2016, majority of patient 
with diabetes who referred to outpatient diabe-
tes clinics suffered from type 2 diabetes (85.5%) 
followed by diabetes type 1(11.4%) and other 
types of diabetes (1.3%). Among them, the 
most prevalent complications reported to be 
nerve damage (28.0%), ischemic heart disease 
(23.9%), visual loss (21.9%), renal failure 
(17.6%) and diabetic foot (6.2%) (9). 
In Iran, the mortality rates due to diabetes were 
high in the most provinces of the country. 
However, the age-standardized mortality rate 
per 100000 was 18.8% (16.6-21.3) in Golestan, 
21.3% (18.8-24.2) in Hormozgan, and 20.5% 
(17.8-23.5) in Tehran, showing higher rate of 

mortality in the southern, central and northern 
provinces than other provinces like Zanjan (7.0-
9.4) and Kordestan (10.9-14.0) (10). 
Due to the complications and high burden of 
diabetes, prevention of diabetes risk factors is the 
most important strategy to control this disease. 
In this regard, knowing how much an increase or 
decrease in the level of exposure to risk factors is 
associated with a certain amount of risk of diabe-
tes, is important in policy-making and prioritiza-
tion of prevention and treatment services. For 
instance, in the case of ischemic heart disease, 
our knowledge about the facts that every 20 mm 
Hg increase in systolic blood pressure and 10 mm 
Hg in diastolic blood pressure doubles the risk of 
cardiovascular disease or that 150 min of moder-
ate physical activity per week reduces the risk of 
ischemic heart disease by about 30% (11), can 
play an important role in providing preventive 
advice to the public. 
Despite identifying the role of various risk factors 
associated with type 2 diabetes, the level of expo-
sure to these factors associated with a doubling 
of the risk of the disease has not been identified. 
Therefore, in the present study, we examined 
how much exposure to any of the known risk 
factors for coronary heart disease was associated 
with doubling of the likelihood of diabetes. 
 

Methods 
 
In this cross-sectional study, an analysis was per-
formed on the data of 9930 individuals aged 15 yr 
and older participating in the second phase of the 
of Kerman coronary artery disease risk factors 
study (KERCADRS) who entered the study by 
one-step random cluster sampling from 20014 to 
2018. Overall, 420 zip codes were randomly se-
lected. Each of zip codes represented a house. 
Then, from houses nearby every selected house, 
24 eligible people selected to reach the total tar-
get sample size of 10,000. 
Information about blood pressure (systolic, dias-
tolic), fasting blood sugar (FBS), body mass index 
(BMI), waist to hip ratio, triglyceride to HDL 
cholesterol ratio, sleep duration, physical activity 

http://ijph.tums.ac.ir/


Iran J Public Health, Vol. 51, No.4, Apr 2022, pp.939-945  

941                                                                                                       Available at:    http://ijph.tums.ac.ir 

and family history of diabetes as well as demo-
graphic characteristics (age and gender) were as-
sessed. Weight was measured with light clothing 
and height without shoes. Body mass index 
(BMI) was obtained by dividing weight in kilo-
grams by height squared in meters (kg/m2). 
To measure waist circumference, measurements 
were taken with light clothing at the end of a gen-
tle expiration (at the level of the midpoint be-
tween the iliac crest and lower border of the 
tenth rib). The hip circumference was measured 
using an inelastic tape measure without any pres-
sure at the level of the widest circumference over 
the great trochanters. Waist to hip ratio was cal-
culated by dividing the waist to hip circumference 
in centimeters. Ranges above 0.90 in men and 
above 0.85 in women were considered as ab-
dominal obesity.  
To measure blood pressure a standard mercury 
sphygmomanometer was used, so that after sit-
ting on a chair for 5 min and resting, the blood 
pressure was taken twice at least 30 min apart. 
The average of these two values was considered 
as blood pressure. 
Daily physical activity at home and at work was 
assessed by the WHO Physical Activity Ques-
tionnaire. The metabolic equivalent of the task 
(MET) was used to assess the intensity of physi-
cal activity. MET is the use of energy in an adult 
while sitting (equivalent to 3.5 ml of oxygen per 
kilogram of body weight per minute). Moderate 
physical activity was considered as energy con-
sumption 4 to 8 times and intense physical activi-
ty more than 8 times compared to the sitting po-
sition. In other words, a combination of walking 
and physical activity with at least 3,000 MET per 
week was considered as intense, between 1,500-
3,000 as moderate and less than 1,500 as low lev-
els of physical activity. 
FBS as well as lipids were measured using a 
blood test after 10-12 h of fasting. According to 
the American Diabetes Association, people with 

a fasting glucose cut point of ≥126 mg/dL as 
well as people on diabetes medication, were con-
sidered diabetics. To measure the ratio of triglyc-
erides to HDL cholesterol, the amount of triglyc-
erides measured in the blood test was divided by 
the amount of HDL cholesterol. 
 
Ethics approval 
This study has been registered in the ethics 
committee of Kerman University of Medical Sci-
ences (IR.KMU.REC.1393.310). Written in-
formed consent was obtained from all study par-
ticipants. 
 
Data analysis 
Blood pressure (systolic, diastolic), FBS, BMI, 
waist to hip ratio, triglyceride to HDL cholesterol 
ratio, sleep duration, physical activity and family 
history of diabetes mellitus as predictor variables 
and diabetes mellitus as response variable were 
entered into multivariable logistic regression. Af-
ter determining the variables significantly associ-
ated with diabetes, for each variable, the level of 
exposure associated with a doubling of the odds 
ratio of diabetes was determined using the equa-
tion1. For instance, in this equation that consid-
ers the odds ratio= 2, the amount of exposure 
level was calculated for the body mass index. 
                                                                    Equation 

𝑝1

1 − 𝑝1
𝑝0

1 − 𝑝0

= 𝑒𝐵(𝑥1−𝑥0)     →        

𝑝1

1 − 𝑝1
𝑝0

1 − 𝑝0

= 𝑒𝐵(𝑋) 

     𝑂𝑅 = 𝑒𝐵(𝑋)    →        2 = 𝑒0.040𝑋 

→ 𝑋 = 17.32 
Where p0 and p1 are the estimated probability of 
outcome at low and high risk categories of expo-
sure. This was repeated for each of the variables 
and the values obtained were reported. (Table 1). 
Data analysis was performed using SPSS software 
version 24 (IBM Corp., Armonk, NY, USA). P-
values less than 0.05 were considered significant. 
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Table 1: Estimated level exposure associated with doubled chance of diabetes type 2 using multivariable logistic re-
gression model among a sample of adult population living in Kerman, Iran (n=9930) 

 

Variable Coef Std.Err Z P-value (95% CI) Exposure 
level 

Age (yr) 0.050 0.003 299.344 <0.001 (0.044,0.055) 13.86 

BMI (Kg/m2) 0.040 0.007 28.075 <0.001 (0.025,0.054) 17.32 

Waist-to-hip ratio 4.026 0.430 88.124 <0.001 (3.185,4.866) 0.172 

SBP (mmHg) 0.009 0.002 19.470 <0.001 (0.004,0.012) 77 

TG-to-HDL ratio 0.114 0.011 101.965 <0.001 (0.091,0.136) 6.07 

Constant -10.960 0.426 661.117    

The estimates were adjusted for age, BMI, and other risk factors presented in the table. BMI: body mass index. SBP and    DBP: 
systolic and diastolic blood pressure HDL: high-density lipoproteins; TG: triglyceride 
 

Results 
 
Out of 9930 participants, 5904 (59.5%) were fe-
male and 4026 (40.5%) were male. The mean age 
of the subjects was 46.1±15.5 yr and the age 
range was between 15 and 80 yr. Overall, 1105 
patients (11.1%) had type 2 diabetes. According 
to the multivariable regression model being in 
higher age category, having abdominal obesity, 

family history of diabetes, high systolic blood 
pressure, increased body mass index and increase 
in triglyceride to HDL ratio significantly in-
creased the chances of developing diabetes while 
diastolic blood pressure and intense physical ac-
tivities were associated with decreased chance of 
diabetes (Table 2). 

 

Table 2: Logistic regression analysis of factors associated with diabetes type 2 among a sample of adult population 
living in Kerman, Iran (n=9930) 

 

Subgroup Non-diabetes 
n=8825 

Diabetes type 2 
n=1105 

Odds ratio (95% CI) P-value 

Gender     
Male 3591 435 1  
Female 5234 670 1.05 (0.92,1.21) 0.461 
Age group (year)     
≤45 4682 144 1  
46-55 1784 276 3.74(2.99,4.66) <0.001 
56-65 1508 435 6.35 (5.10,7.91) <0.001 
>65 851 250 6.62(5.14,8.53) <0.001 
Waist-to-hip ratio     
Normal 4239 198 1  
Abdominal obesity 4565 907 2.12 (1.77,2.53) <0.001 
Family history of diabetes     
No 5650 483 1  
Yes 3019 592 2.43 (2.11,2.79) <0.001 
Physical activity     
Low 4170 571 1  
Moderate 3279 423 0.99 (0.86,1.15) 0.95 
Intense  1375 111 0.67 (0.53,0.84) 0.004 
Body mass index (kg/m2) 8801 1100 1.03(1.01,1.04) 0.004 
SBP 8821 1105 1.02 (1.02,1.03) <0.001 
DBP 8818 1104 0.97 (0.96,0.98) <0.001 
TG-to-HDL ratio 8825 1102 1.13(1.10,1.15) <0.001 
Sleep hours 8790 1105 0.97(0.93,1.01) 0.289 

The sum of subgroups may be less than total because of missing data. SBP and DBP: systolic and diastolic blood pressure SBP and DBP: sys-
tolic and diastolic blood pressure. HDL: high-density lipoproteins; TG: triglyceride 
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Based on the equation 1, an increase of 13.86 yr 
in age, an increase of 17.32 kg/m2 in the body 
mass index, an increase of 0.17 in the waist-to-
hip ratio, a 77 mmHg increase in systolic blood 
pressure and 6.07 unit increase in triglyceride to 
HDL ratio doubled the chances of developing 
type 2 diabetes (Table 1). 
 

Discussion 
 
In this study, the relation of risk factors of age, 
body mass index (BMI), waist to hip ratio, systol-
ic blood pressure, and TG/HDL-C ratio with 
type 2 diabetes was confirmed and the level of 
exposure to each of these risk factors when dia-
betes likelihood doubled was expressed. 
Our results showed that for every 13.86 yr in-
crease of age, the chance of developing type 2 
diabetes doubled. The prevalence of diabetes in-
creased with age. Aging, through various mecha-
nisms, predisposes diabetes. With increasing age, 
obesity, inactivity and the ratio of adipose tissue 
to the muscle are increased, considered risk fac-
tors for diabetes (12-14). Furthermore, aging has 
been contributed to diabetes through impaired β-
cell function and impaired β-cell adaptation to 
insulin resistance and consequently impairs insu-
lin secretion (15). 
The chance of type 2 diabetes doubled by 17.3 
kg/m2 increase in BMI and 0.17 increase in waist 
to hip ratio. Weight gain and obesity are known 
risk factors of diabetes (16-20). Obesity and 
overweight, especially central obesity can lead to 
diabetes through various mechanisms. Two main 
pathophysiologic mechanisms that link diabetes 
and obesity to each other are insulin resistance 
and insulin deficiency. Previous studies con-
firmed the intensification of both mechanisms 
among obese individuals (21,22). The increase in 
obesity and high weight in today's societies are 
due to the high consumption of foods rich in 
carbohydrates, reduced physical activity and 
mechanization of lifestyle, highlighting the need 
to change in public health behaviors. 

In addition, we showed that a 77 mm Hg increase 
in systolic blood pressure was associated with a 
doubling of the likelihood of developing diabetes. 
Hypertension and diabetes shared common 
pathways. Genetics, obesity, inflammation and 
oxidative stress, insulin resistance, mental stress 
and stimulation of sympathetic nervous system, 
and low physical activity are thought to be the 
common pathways (23). 
The observed reverse association between dias-
tolic blood pressure and increased likelihood of 
diabetes was an unexpected finding unknown for 
us at present and needs more investigation to be 
clarified. 
Another finding of this study indicates that a 
6.07-fold increase in triglyceride to HDL ratio is 
associated with a 2-fold increase in the chance of 
type 2 diabetes. TG/HDL ratio is independently 
related to an increased risk of diabetes. 
Dyslipidemia may cause a series of metabolic dis-
orders related to abnormal insulin resistance and 
glucose metabolism (24-26). Furthermore, 
TG/LDL could be a predictor of β-cell function 
and future diabetes risk in African -American 
women (27). The potential mechanisms suggest-
ed TG/HDL-C ratio as a marker of lipo-toxicity 
in β-cells that decreases the insulin secretion and 
increases β- cell apoptosis mediated by increase 
in TG concentration (28).  
The main limitation of our study was that it was 
cross-sectional and therefore causality cannot be 
inferred. 
 

Conclusion 
 
Among the risk factors associated with diabetes, 
aging, having a family history of diabetes and ab-
dominal obesity were the most important risk 
factors, while intense physical activity was the 
most important protective factor. Slight change 
in the waist-to-hip circumference ratio (0.17) was 
associated with a doubling of the chance of dia-
betes. In addition, approximately every 14 yr in-
crease in age, 17 units in BMI, 80 mm Hg in sys-
tolic blood pressure, and 6.7 units in TG/HDL 
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ratio was associated with a doubling of the 
chances of developing diabetes. Since most of the 
mentioned factors are modifiable risk factors, 
increase in physical activity and providing facili-
ties to improve lifestyle in the community seems 
necessary. 
 

Journalism Ethics considerations  
 
Ethical issues (Including plagiarism, informed 
consent, misconduct, data fabrication and/or fal-
sification, double publication and/or submission, 
redundancy, etc.) have been completely observed 
by the authors. 
 

Funding 
 
No funding was received for this study 
 

Conflict of interest 
 
The authors declare that there is no conflict of 
interests. 
 

References 
 

1. Atlas D. International diabetes federation (2015). 
IDF Diabetes Atlas. 7th edn Brussels, Belgium 
Int Diabetes Fed.  

2. Saeedi P, Petersohn I, Salpea P, N, et al (2019). 
Global and regional diabetes prevalence esti-
mates for 2019 and projections for 2030 and 
2045: Results from the International Diabetes 
Federation Diabetes Atlas, 9 th edition. Diabe-

tes Res Clin Pract, 157: 107843. 
3. Collaborators GBDRF. Global, regional, and na-

tional comparative risk assessment of 79 be-
havioral, environmental and occupational, 
and metabolic risks or clusters of risks in 188 
countries, 1990–2013: a systematic analysis 
for the Global Burden of Disease Study 2013 
(2015). Lancet (London, England), 386(10010): 
2287.  

4. World Health Organization. Global report on di-
abetes (2016). ISBN 978 92 4 156525 7 
(NLM classification: WK 810). 

5. Vazquez G, Duval S, Jacobs Jr DR, Silventoinen 
K (2007). Comparison of body mass index, 

waist circumference, and waist/hip ratio in 
predicting incident diabetes. a meta-analysis. 
Epidemiol Rev, 29(1): 115–28. 

6. Abdullah A, Peeters A, de Courten M, 
Stoelwinder J (2010). The magnitude of asso-
ciation between overweight and obesity and 
the risk of diabetes: a meta-analysis of pro-
spective cohort studies. Diabetes Res Clin Pract, 
89(3): 309–19 

7. Ard D, Tettey N-S, Feresu S (2020). The Influ-
ence of Family History of Type 2 Diabetes 
Mellitus on Positive Health Behavior Changes 
among African Americans. Int J Chronic Dis, 3: 
8016542.  

8. WHO D country profiles (2017). 
http://www.who.int/diabetes/country-
profiles/en/. Diabetes country profiles 

(2016) .  
9. Esteghamati A, Larijani B, Aghajani MH, et al 

(2017). Diabetes in Iran: prospective analysis 
from first nationwide diabetes report of Na-
tional Program for Prevention and Control of 

Diabetes (NPPCD-2016). Sci Rep, 7(1): 1–10 . 
10. Khosravi Shadmani F, Farzadfar F, Larijani B, 

Mirzaei M, Haghdoost AA (2019). Trend and 
projection of mortality rate due to non-
communicable diseases in Iran: A modeling 
study. PLoS One, 14; 14(2).  

11. Poorolajal J, Farbakhsh F, Mahjub H, Bidarafsh 
A, Babaee E (2016). How much excess body 
weight, blood sugar, or age can double the 

risk of hypertension? Public Health, 133: 14–8 . 
12. Hales CM, Carroll MD, Fryar CD, Ogden CL 

(2020). Prevalence of obesity and severe obe-
sity among adults: United States, 2017–2018. 

NCHS Data Brief, (360): 1-8 . 
13. Chooi YC, Ding C, Magkos F (2019). The epi-

demiology of obesity. Metabolism, 92: 6-10. 
14. Moayeri A, Mohamadpour M, Mousavi SF, Shir-

zadpour E, Mohamadpour S, Amraei M 
(2017). Fracture risk in patients with type 2 
diabetes mellitus and possible risk factors: a 
systematic review and meta-analysis. Ther Clin 

Risk Manag, 13:455 . 
15. Lee PG, Halter JB (2017). The pathophysiology 

of hyperglycemia in older adults: clinical con-

siderations. Diabetes Care, 40(4): 444–52 . 
16. Fagherazzi G, Vilier A, Affret A, Balkau B, Bon-

net F, Clavel-Chapelon F (2015). The associa-
tion of body shape trajectories over the life 
course with type 2 diabetes risk in adulthood: 

http://ijph.tums.ac.ir/
http://www.who.int/diabetes/country-profiles/en/
http://www.who.int/diabetes/country-profiles/en/


Iran J Public Health, Vol. 51, No.4, Apr 2022, pp.939-945  

945                                                                                                       Available at:    http://ijph.tums.ac.ir 

a group-based modeling approach. Ann Epi-

demiol, 25(10): 785–7 . 
17. Mano Y, Yokomichi H, Suzuki K, et al (2015). 

Do body mass index trajectories affect the 
risk of type 2 diabetes? A case–control study. 

BMC Public Health, 15(1): 718 . 
18. Peter RS, Keller F, Klenk J, Concin H, Nagel G 

(2016). Body mass trajectories, diabetes melli-
tus, and mortality in a large cohort of Austrian 
adults. Medicine (Baltimore), 95(49).  

19. Heianza Y, Arase Y, Kodama S, et al (2015). Tra-
jectory of body mass index before the devel-
opment of type 2 diabetes in Japanese men: 
Toranomon Hospital Health Management 
Center Study 15. J Diabetes Investig, 6(3): 289–

94 . 
20. Luo J, Hodge A, Hendryx M, Byles JE (2020). 

Age of obesity onset, cumulative obesity ex-
posure over early adulthood and risk of type 2 

diabetes. Diabetologia, 63(3): 519–27 . 
21. Chadt A, Scherneck S, Joost HG, Al-Hasani H 

(2018). Molecular links between obesity and 
diabetes:“diabesity”. Endotext [Internet]. 

22. Felber JP, Golay A (2002). Pathways from obesi-

ty to diabetes. Int J Obes, 26(2):S39–45 . 
23. Cheung BMY, Li C (2012). Diabetes and hyper-

tension: is there a common metabolic path-

way? Curr Atheroscler Rep, 14(2): 160–6 . 

24. Xu J, Hu Y, Wei Q, et al (2020). Associations of 
LDL-C-to-HDL-C and TG-to-HDL-C Rati-
os with Type 2 Diabetes Mellitus and Cardio-
vascular Disease: A Prospective Cohort Study 
with 6 years’ Follow-UP.  

25. Ren X, Chen Z ai, Zheng S, et al (2016). Associa-
tion between triglyceride to HDL-C ratio 
(TG/HDL-C) and insulin resistance in Chi-
nese patients with newly diagnosed type 2 di-

abetes mellitus. PLoS One, 11(4):e0154345 . 
26. Lin D, Qi Y, Huang C, et al (2018). Associations 

of lipid parameters with insulin resistance and 
diabetes: a population-based study. Clin Nutr, 

37(4): 1423–9 . 
27. Maturu A, DeWitt P, Kern PA, Rasouli N 

(2015). The triglyceride to high-density lipo-
protein cholesterol (TG/HDL-C) ratio as a 
predictor of β-cell function in African Ameri-

can women. Metabolism, 64(5): 561–5 . 
28. Young KA, Maturu A, Lorenzo C, et al (2019). 

The triglyceride to high-density lipoprotein 
cholesterol (TG/HDL-C) ratio as a predictor 
of insulin resistance, β-cell function, and dia-
betes in Hispanics and African Americans. J 

Diabetes Complications, 33(2): 118–22 . 

 

 

http://ijph.tums.ac.ir/

