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4 ABSTRACT )

Background: The risk of cardiovascular diseases (CVDs) increases with age. The objective was
to determine whether lifestyle and dietary behaviors and anthropometric measures, which are
affected by these behaviors, contribute to the increase of CVD risk factors across age categories
of 20-50-year-old.

Methods: In a cross-sectional design, 437 adults aged 20-50-year-old were selected from
households living in Shiraz. Risk factors of CVD, including body mass index (BMI), waist-to-height
ratio (WHtR), blood pressure, fasting blood glucose (FBG), serum triglycerides, total cholesterol,
and low- and high-density lipoprotein cholesterol (LDL-C and HDL-C, respectively) as well
as lifestyle behaviors (physical activity and smoking), dietary habits, and food intakes were
assessed across the age categories of 20—29, 30-39, and 40-50 years. Linear regression
was used to examine the contribution of different variables to the age-related increase of CVD
risk factors.

Results: All CVD risk factors, except for HDL-C, significantly increased across age categories.
Older subjects had healthier dietary habits and food intakes, but they possessed nonsignificantly
lower physical activity and higher smoking rate compared to younger adults. Adjusting for
physical activity, smoking, and BMI did not change the significant positive association between
age and CVD risk factors but adjusting for WHtR disappeared associations for blood pressure,
triglycerides, and metabolic syndrome although significant associations remained for FBG and
total and LDL-C.

Conclusions: Age-related increase of CVD risk factors occurred independent of lifestyle habits.
WHIUR, but not BMI, may partially contribute to the age-related increase in CVD risk factors.
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age 1s blamed as the most important predictor of CVD
events.” Although most of CVD events occur in age 75
and older,”! the basis of CVD is constituted in early ages.!¥
According to the Framingham risk algorithm, the age of
40 (for men) or 45 (for women) is the time in which the
risk of coronary heart disease begins to increase.”’ However,
evidence indicates that cardiovascular risk factors start to
increase even earlier, for example, in 20s.1°

Regardless of age and few other CVD risk factors such
as sex and race that are unmodifiable, there are many
risk factors that are manageable and can be controlled
through correction of lifestyle.”) These include, but
not limited to, obesity, physical inactivity, unhealthy
nutrition behaviors, and cigarette smoking. Healthy
lifestyle and appropriate dietary habits can decelerate
the progress or delay the onset of CVD.¥! However, there
is little information about the alteration of lifestyle and
dictary habits across ages and the relationship between
these behaviors with an age-related increase of CVD
risk factors. In other words, it is not clear whether the
change of these modifiable risk factors plays a role in the
age-related increase in CVD risk factors.

In the current study, we investigated risk factors of CVD
in three age categories of 20-29 years, 30-39 years, and
40-50 years to see how these risk factors change as young
people get older. We also investigated lifestyle behaviors,
dietary habits, food intakes, and anthropometric
measures (including body mass index [BMI] and waist
circumference) across the age categories to investigate
the contribution of these variables in the age-related
alteration in CVD risk factors.

METHODS

Study design and participants

This was a cross-sectional study conducted on 437
adults aged 20-50-year-old in Shiraz, Iran. Because
there is no report of dyslipidemia in Shiraz, the
sample size was chosen with the assumption of 50%
prevalence, the confidence level of 95%, and margin
of error = 5%. Participants were selected by stratified
multistage random sampling from houscholds living in
nine municipal districts of Shiraz. Sample size of each
district was determined according to the population
of the district. Using a city map, districts were then
divided into blocks, from which samples were randomly
sclected. In each block, samples were also selected by
random from streets and alleys. Samples were included
in the study if they met inclusion criteria. Individuals
with severe illnesses (e.g., cancer and organ failure), and
individuals with special diets or diseases and medications
that affect appetite or dietary intake were not included.
All participants gave informed written consent. The
project was approved by the Research Deputy of Shiraz
University of Medical Sciences (Project ID: 92-6865).
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Data collection

Data on demographic information, lifestyle, dictary habits,
and food intakes were collected by trained interviewers.
Family affluence scale was evaluated by a valid
questionnaire using the criteria of the possessing personal
bedroom, the number of cars and computers, and the
frequency of traveling for vacations.!”? Physical activity was
measured as Metabolic Equivalent Task (Met-min/wk)
by the International Physical Activity Questionnaire.!"!
Blood pressure was measured after 5 min rest with the
use of a standing mercury sphygmomanometer (Alpk2,
Japan). Participants were scated and blood pressure was
measured twice with at least 1 min interval in between.
The mean of two measurements was considered as the
participant’s blood pressure.

Anthropometric measurements

Weight was measured with minimal clothing to the
nearest 0.1 kg using a digital scale (Glamor BS-801,
Hitachi, China) and height was measured to the
nearest 0.1 cm by using a nonstretchable tape fixed on
a wall while the person was standing without shoes with
heels, buttocks, and shoulders touching the wall. BMI
was calculated by dividing weight in kilograms by the
square of height in meters. Waist circumference was
measured at the midpoint between the lowest rib and
the iliac crest, and hip circumference was measured at
the largest width of the buttocks over light clothing by
using nonstretchable tape, without any pressure to body
surface.!!!!

Laboratory tests

Blood was taken on consecutive days from 8 to 10 a.m. after
12 h fast. Glucose, total triglycerides, total cholesterol,
low-density  lipoprotein  cholesterol  (LDL-C), and
high-density lipoprotein  cholesterol  (IIDL-C)  were
quantified by using enzymatic procedures (Pars-Azmun,
Tehran, Iran) and an auto-analyzer (ChemWell
autoanalyzer, Awareness Technology Inc., USA) on the
same day of bleeding.

Metabolic syndrome was scored according to the
criteria defined by the National Iranian Committee of
Obesity (NICB) for the clinical diagnosis of metabolic
syndrome in Iranian adults.'? These criteria are the same
as those defined by adult treatment panel III, except for
waist circumference, which is suggested to be gender and
ethnic group-specific.!® However, the cut-off value which
is proposed by NICB is identical for both genders in Iran.
The criteria is as follows: Waist circumference =95 cm
for men and women, serum triglyceride =150 mg/dl,
HDL-C <40 mg/dl for men and <50 mg/dl for women,
systolic blood pressure =130 mmHg or diastolic blood
pressure =85 mmHg, and fasting blood glucose (FBG)
=100 mg/dl. Each criterion scored as 1. Hence, 0 was
designated to a person with none of the metabolic
syndrome components, and 5 to an individual with all of
the criteria.
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Dietary intake

Dictary patterns were assessed by using a 168-item
semi-quantitative food frequency questionnaire (FFQ),
which was evaluated for validity and reliability in previous
studies."! The FFQ comprised foods generally consumed
by Iranians. Daily, weekly, or monthly consumption of foods
for the duration of the past year was asked using specific
serving sizes. The amounts of consumption were then
converted to standard serving sizes by using houschold
measure manual.®’ Nutrient composition of consumed

foods was determined by the Nutritionist IV version 3.5.2
(Hearst Corp., San Bruno, CA).

Statistical analysis

Data were analyzed by SPSS software version 19.0
(SPSS Inc., Chicago, IL, USA). Data were checked for
normality using the Kolmogorov—Smimov test. The
relationship between qualitative data, such as sex, marital
status, education, and smoking, and three age categories
was examined by Chi-square. The association between
quantitative data including cardiovascular risk factors,
dietary intakes, and physical activity, and age categories
was cxamined by one-way ANOVA. Linear regression
analysis was performed between cardiovascular risk factors
and age categories, with physical activity, smoking, and
BMI or waist-to-height ratio (WHtR) as the covariates.
P < 0.05 was considered statistically significant.

RESULTS

There was no significant difference in the distribution of
males and females between the age categories of 20-29
years, 30-39 years, and 40-50 years [Table 1], but younger
individuals were more frequently single and possessed
higher levels of education and financial affluence.

With the exception of HDL-C, all risk factors of CVDs,
including BMI, waist circumference, waist-to-hip and
WIItRs, blood pressure, triglycerides, total and LDL
cholesterol, and score of metabolic syndrome significantly
increased across the age categories [Table 2].

Daily energy intake, sedentary activities, and sleep
duration significantly decreased across age categories
[Table 3]. Consumption of breakfast is increased but
consumption of snacks, fast foods, fried and grilled foods,
and restaurant foods decreased as the age of the subjects
increased. There was no significant difference between
age categories regarding smoking habits, the type of
snacks, and salt addiction.

Analysis of FFQ revealed that ingestion of red
meat/poultry, organ meats/sausage, and salty snacks
decreased and that of dairy, nonstarch vegetables,
fresh fruits, and tea increased across the age categories
[Table 4]. Consumption of other food groups, such as
fish, eggs, nuts, and sweet snacks did not significantly
differ between the age groups.
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Table 1: Demographic characteristics of the participants
by age categories*

Demographic Age categories (years) P**
characteristics 20-29 30-39 40-50
Sex
Male 71 (53.0) 62 (40.3) 65 (43.6) 0.09
Female 63 (47.0) 92 (59.7) 84 (56.4)
Marital status
Single 93 (69.4) 27 (11.5) 5(3.4) <0.001
Married 41 (30.6) 127(82.5) 144 (96.6)
Education
<diploma 40 (29.9) 92 (59.7) 128(85.9)  <0.001
>diploma 94 (70.1) 62 (40.3) 21 (14.1)
FAS score 3.8+1.4° 3.4+1.5° 3.3+1.6° 0.01

*Data are presented as n (%) or mean+SD, **The relationship between qualitative
demographic characteristics (sex, marital status, and education) and three age
categories was examined by Chi-square and between FAS score and age categories
was examined by one-way ANOVA. Different letters indicate a significant difference.
FAS=Family affluence scale, SD=Standard deviation

Table 2: Anthropometric characteristics and risk factors
of cardiovascular diseases by age categories*

CVD risk factors Age categories P**
20-29 30-39 40-50

BMI (kg/m?) 24.6+5.1° 26.7+5.1° 27.6+3.9° <0.001

WC (cm) 82.0+13.4* 87.6+12.0° 92.2+10.3° <0.001

Waist-to-hip ratio 0.83+0.08* 0.86+0.09" 0.90+0.08° <0.001
Waist-to-height ratio 0.49+0.07° 0.53+0.07° 0.57=0.06° <0.001

SBP (mmHg) 111.6+18.5* 112.2+17.0° 121.5+20.4> <0.001
DBP (mmHg) 73.6+14.0° 74.9+12.5° 81.5+14.8" <0.001
FBG (mgy/dl) 84.7x7.1° 88.8=11.4* 91.2+17.7° 0.001
TG (mg/dl) 107.9+48.32 133.7+72.7° 145.3+83.0° <0.001
Total-C (mg/dl) 164.8+31.92 183.7+37.4° 190.0+36.1° <0.001
LDL-C (mg/dI) 96.8+27.0° 110.0+27.5" 112.6+27.4> <0.001
HDL-C (mg/dl) 458+11.0 45.0+9.8 454x123 038

Total-C/HDL-C 3.75+1.01° 4.27+1.27* 4.43+1.32° <0.001
TG/HDL-C 2.58+1.55 3.27+2.31® 3.65+2.83" 0.002

Metabolic syndrome 1.01+0.97° 1.44+1.16* 1.86+1.11° <0.001
score

*Data are presented as mean+SD **The relationship between cardiovascular risk
factors and age categories was examined with one-way ANOVA. Different letters
indicate a significant difference. BMI=Body mass index, CVD=Cardiovascular diseases,
DBP=Diastolic blood pressure, FBG=Fasting blood glucose, HDL-C=High-density
lipoprotein cholesterol, LDL-C=Low-density lipoprotein cholesterol, SBP=Systolic
blood pressure, TG=Triglycerides, Total-C=Total cholesterol, WC=Waist circumference

Because lower physical activity and higher smoking rate
were common unhealthy habits among the older subjects,
regression analysis was performed between CVD  risk
factors and age categories to determine whether such
habits contributed to the age-related increase in CVD risk
factors. Adjusting for physical activity and smoking did
not change the significant positive association between
age and CVD risk factors [Table 5]. Addition of BMI in
the regression (model 2) also did not make a remarkable
difference, but addition of WHtR (model 3) disappeared
associations for blood pressure, triglycerides, and
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Table 3: Lifestyle and dietary habits by age categories*
Lifestyle habits

Age categories (years) P**
20-29 30-39 40-50

Energy intake (kcal/day) 2590+8442 2181+672" 2184+586* <0.001
Physical activity 1244+1640 935+1563 811+1504 0.06

(MET-min/week)

Sedentary activities 5.8+2.9° 51+29° 4.7+27> 0.006
(h/day)

Sleep duration (h/day) 85+1.92 79+13> 7.5+1.2° <0.001
Current smoking

No 109 (82.0) 126 (81.8) 107 (71.8) 0.053
Yes 24 (18.0) 28(18.2) 42(28.2)
Breakfast (n/week) 53+24* 57+22° 6.3+1.8"° <0.001
Snack (n/day) 1.5+1.1* 15+1.1* 1.2+0.87° 0.02
Snack type

Healthy 44 (40.0) 53(39.5) b56(47.5) 04
Unhealthy 66 (60.0) 81(60.5) 62 (52.5)
Fast-foods (n/month) 5.5+6.6° 2.4+35" 1.8+2.7" <0.001
Restaurant foods 3.0+£5.77 1.4+3.3" 0.82+1.6° <0.001
(n/month)

Fried foods (n/week) 3.6+2.22 29+1.9> 28+1.9> 0.002
Grilled foods (n/month)  3.4%+3.5* 2.9+3.6® 23+2.1° 0.01
Salt addiction

No 84 (63.2) 111(72.1) 101(67.8) 0.3
Yes 49 (36.8) 43(27.9) 48(32.2)

*Data are presented as n (%) or mean+SD, **The association between quantitative lifestyle
habits, such as energy intake, physical activity,and the frequency of breakfast or fast-food
consumption and age categories was examined by one-way ANOVA with LSD as the
post hoc. Different letters in each row indicate a significant difference. The relationship
between qualitative parameters (smoking status, snack type,and salt addiction) was tested
with Chi-square. SD=Standard deviation, LSD=Least significant difference

metabolic syndrome but significant associations remained
for FBG, and total and LDL cholesterol [Table 5].

DISCUSSION

The results presented here showed that except for HDL-C,
risk factors of CVD including BMI, waist circumference,
systolic and diastolic blood pressure, serum glucose,
triglycerides, and total and LDL-C increased with age.
Older subjects seemed to be more concerned about their
health and more encouraged to follow recommendations
of a healthy diet, as evidenced by lower energy intake and
less consumption of fast and fried foods, organ meat, red
meat/poultry, and salty snacks and more consumption of
dairy products, nonstarch vegetables, fruits, and tea.

We recognized age as an important contributor of the
increase of CVD risk factors across the ages, independent
of lifestyle, and dietary habits. Previous studies have also
shown a positive relationship between age and CVD
risk factors (e.g., waist circumference, WIItR, blood
pressure, triglycerides, and LDL-C)!" and also between
age and CVD events." In fact, age has been suggested
as an inexpensive screening tool for detection of people
at risk of future CVD events.? It is estimated that the
risk of CVD doubles every 7.6 years of age.
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Table 4: Consumption of various food groups by the age
categories*®

Dietary intake Age categories (years) P**
(servings/1000 keal) 4 -g 30-39 40-50
Refined breads 3.3+1.3 33x14  32x13 0.8

Whole-wheat breads  0.74+0.79 0.77+0.73 0.86x0.77 0.2

Legumes 0.17+0.14 0.18+0.13 0.18+0.12 1

Red meat/poultry 0.91+0.51* 0.92+0.51* 0.80+0.47° 0.04
Fish 0.13+0.15 0.16+0.18 0.17+x0.22 0.3
Organ meats/sausage 0.20+0.19* 0.14=0.14> 0.09+0.11° <0.001
Eggs 0.30+0.38 0.25+0.21 0.24+0.28 0.2
Dairy 0.65+0.49* 0.77+0.53° 0.75+0.40° 0.005
Nonstarch vegetables 1.2+0.74° 1.6+0.73" 1.8+1.2° <0.001
Starch vegetables 0.17+0.17 0.14+0.09 0.14+0.14 0.6
Fresh fruits 20118 23+1.1°  24+1.1> 0.002

0.09+0.14 0.14*0.29 0.14+033 05
0.78+0.63 0.83+0.70 0.89+0.87 0.9

Dried fruits
Vegetable oils

Hydrogenated oils 1.5+1.2 1.5+1.1 1.4+1.1 0.3
Nuts 0.34+0.30 0.36=0.41 0.36+0.32 0.6
Sweet snacks 1.7+0.86 1.6+0.78 1.6+0.79 0.5

Salty snacks 0.20+0.32* 0.10+0.15* 0.05+0.08° <0.001
Tea 0.59+0.62* 1.0+1.1° 1.3+1.1° <0.001

*Data are presented as meanSD, **The association between dietary intakes and age
categories was examined by one-way ANOVA with LSD as the post hoc. Different
letters in each row indicate a significant difference. SD=Standard deviation, LSD=Least
significant difference

Among individual risk factors, the greatest difference
was related to triglycerides with 34.7% increase from the
first to the third age category. Nonetheless, the score of
metabolic syndrome showed 84.1% increase across these
age categories. Previous studies have also found increases
in rates of obesity and overweight!!¥ and in levels of
triglyceride and glucose"” along with increasing age.
Decreased activity of 6-desaturase may be involved in the
age-related alteration in blood lipids."”

Despite better adherence to healthy lifestyle and dietary
habits, subjects in older ages possessed higher rates of
CVD risk factors. The reason for this paradox is not clear.
Among the investigated unhealthy habits, subjects of older
ages exhibited lower level of physical activity (P = 0.06
for the difference between young and older subjects)
and higher smoking rate (P = 0.053 for the difference
between young and older subjects) but followed more
strictly healthy dietary habits. Adjusting for physical
activity and smoking habits did not change the significant
difference in CVD risk factors across age categorics,
indicating that these factors did not contribute to the
age-related increase in CVD risk factors. It is worth noting
that although the age is an important factor in increasing
risk of CVD and that following healthy dietary habits may
not prevent increasing CVD risk factors, an appropriate
diet and healthy lifestyle can result in the delay in the
onset of diseases and higher health status in the elderly.?"

We identified WHtR as an important contributor of
the CVD risk. BMI was not an effective factor because
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Table 5: Linear regression of the association between age categories and cardiovascular risk factors

CVD risk factors Unadjusted Model 1* Model 2** Model 3***
Regression P Regression P Regression P Regression P
coefficient (95% Cl) coefficient (95% Cl) coefficient (95% Cl) coefficient (95% CI)
SBP (mmHg) 5.02(2.83,7.22) <0.001 4.67(2.48,6.85) <0.001 3.19(1.0, 5.4) 0.005 1.64(—0.66,3.94) 0.16
DBP (mmHg) 4.02(2.40,5.63) <0.001 3.84(2.22,5.46) <0.001 2.60 (1.0, 4.2) 0.002 1.59(-0.11,3.29) 0.07
FBG (mg/dl) 3.24(1.58,4.89) <0.001 3.21(1.54,4.89) <0.001 2.53 (0.81, 4.3) 0.004 1.88(0.07,3.69) 0.04
TG (mg/dl) 18.4(9.47,27.3) <0.001 17.6(8.61,26.6) <0.001 13.2 (4.0, 22.4) 0.005 8.46(—1.18,18.1) 0.09
Total-C (mg/dl) 12.3(7.85,16.8)  <0.001 11.6(7.10,16.1)  <0.001 9.60 (5.0, 14.2)  <0.001 7.74(2.92,12.6) 0.002
LDL-C (mg/dI) 7.66 (4.21,11.1)  <0.001 7.13(3.68,10.6) <0.001 5.51 (2.0, 9.0) 0.02 4.24 (0.52,7.96) 0.03
HDL-C (mg/dl) —0.21(—-1.60,1.18) 0.8 0.07 (—1.31, 1.44) 0.9 0.43(—1.0,1.9) 0.5 0.64 (—0.86,2.15) 0.4
Total-C/HDL-C 0.33(0.18,0.48) <0.001 0.29(0.13,0.44) <0.001 0.20(0.05, 0.36) 0.01 0.14 (—0.02,0.30) 0.09
TG/HDL-C 0.53(0.23,0.82) <0.001 0.49(0.20,0.79) <0.001 0.35(0.05, 0.66) 0.02 0.22(—0.10,0.54) 0.2
Metabolic syndrome ~ 0.43 (0.29, 0.56)  <0.001  0.41(0.28,0.55) <0.001 0.23(0.10,0.35) <0.001 0.08(—0.05,0.21) 0.2

*Model | was adjusted for physical activity and smoking. **Model 2 was adjusted for physical activity, smoking, and BMI, **Model 3 was adjusted for physical activity, smoking, and
waist-to-height ratio. CVD=Cardiovascular diseases; DBP=Diastolic blood pressure, FBG=Fasting blood glucose, HDL-C=High-density lipoprotein cholesterol, LDL-C=Low-density

lipoprotein cholesterol, SBP=Systolic blood pressure, TG=Triglycerides, Total-C=Total cholesterol, CI=Confidence interval, BMI=Body mass index

adjusting for BMI did not considerably change the results
while adjusting for WHtR changed the age-related
increase of risk factors toward nonsignificant associations
for some factors (blood pressure, triglycerides, and
metabolic  syndrome score) although associations for
blood glucose, total cholesterol, and LDL-C remained
significant, suggesting that the age-related increase in
WHI{R was not the only contributor of the increase of
CVD risk factors across the age categories. Although
both BMI and WHIR are factors that are affected by
lifestyle and dictary habits because most of the lifestyle
and dictary habits improved with age the reason of the
age-related increase of BMI and waist circumference is
not clear, although increasing age by itself may be an
important factor. Future studies are needed to clarify why
despite following healthy lifestyle and dictary habits BMI
and waist circumference increase with age.

Previous reports are more or less in agreement with
these results because both general obesity (which is
assessed by BMI'®) and abdominal obesity (which can
be determined by waist circumference, WHtR?'??) have
been suggested as predictors of CVD or CVD risk factors.
However, abdominal obesity may be a better predictor
of metabolic diseases because waist-to-hip and WHtRs
have been associated with CVD risk even among subjects
with normal weight.”>?/ Moreover, compared to BMI,
waist circumference and WHtR have been found stronger
predictors of diabetes and CVD, and their prediction
occurs independent of BMI.Y

Similar to our results regarding the positive trend
toward following healthier diet in older adults, previous
investigations have shown that consumption of unhealthy
foods, such as meats, fast foods, and soft drinks is higher
in young (20-39 years), while consumption of breads,
dairy products, fruit, vegetables, cereals, and grains is
higher in older ages (=60 years).””) In a similar study
conducted on adults 25-74 years, consumption of
total fat, saturated fatty acids, cholesterol, and sodium

decreased and that of carbohydrates, Vitamins B, B,,, C,
E, and folate, potassium, iron, magnesium, copper, and
dictary fiber increased with age.”® In another study, the
score of unhealthy diet decreased in Finnish women aged
50-60 years over a 20-year period.?’!

This was the first study examining the association between
age and CVD risk factors in younger ages while exploring
lifestyle habits and dietary intakes. Our results showed
that age is an important factor in increasing the risk of
CVD even in young ages. Following healthy lifestyle and
dietary habits may partially prevent age-related increase of
CVD risk factors if these habits can prevent an age-related
increase in abdominal obesity particularly WIItR.

CONCLUSIONS

Age-related increase of CVD risk factors occurred
independent of lifestyle and dietary habits. WHtR, but
not BMI, may partially contribute to the age-related
increase in CVD risk factors.
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