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Abstract

Background No study has examined the combined association of dietary inflammatory index (DIl) of the diet
and resting metabolic rate (RMR) on cardiorespiratory fitness (CRF). Therefore, we investigated the combined associa-
tion between DIl and RMR on CRF.

Methods This cross-sectional study was conducted on 270 adult subjects. The DIl was calculated using a validated
semi-quantified food frequency questionnaire. RMR was measured using an indirect calorimetric method. Socio-
economic status, anthropometric measures, body composition and blood pressure were documented by a trained
interviewer. CRF was assessed by using Bruce protocol. Binary logistic regression was performed to find the associa-
tion of CRF with DII/RMR categories in various models.

Results The participants categorized into four groups including: (1) low DII/high RMR, (2) low Dll/low RMR, (3) high
DIl/low RMR, (4) high Dll/high RMR. The mean of VO,y,,, (mL/kg/min), VO, .., (L/min) and VO, ,, relative to lean body
mass (LBM) was lower in participants that were classified as high Dll/low RMR compared to those in low DIl/high RMR.
After controlling for age, sex, education status, smoking status, and physical activity those who were in the high DI/
low RMR group, compared to the low Dll/high RMR group were 28% less likely to have higher VO, (ml/kg/min)
(OR0.72; 95% C10.18, 0.82, p=0.04). Moreover, had 25% lower odds of VO,,,,, (L/min) which was significant (OR 0.75,
95% C10.11, 0.89, p=0.03). In addition, were 21% less likely to have higher VO, ., (LBM) (OR0.79; 95% Cl0.30, 0.92,
p=0.02).

Conclusions Overall, consumption of a pro-inflammatory diet in combination with low RMR status is associated

with lower odds of CRF compared to those who had anti-inflammatory diet in combination with high RMR status

among Iranian healthy adults. This study suggests that researchers should focus on combined relationships rather
than single pair-wise associations for having a better judgment.
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Introduction

Resting metabolic rate (RMR) is the least energy needed
to keep up essential body function during a stable resting
state and fasting status [1]. It is estimated that lean body
mass is accounts for 60—85% of RMR [2]. Previous studies
have shown significant inverse association between RMR
and body fat mass and body weight, such that decreas-
ing in RMR may resulted in increasing body fat mass and
body weight [3, 4]. Additionally, inflammation may play
a role in weight gain through leptin and insulin resist-
ance leading to increased FM and a balance between
energy intake and expenditure [5, 6]. Indeed, increased
body fat mass in obese individuals results in increasing
C-reactive protein (CRP) and inflammatory cytokines
[7]. Therefore, obesity is considered a low-grade inflam-
matory condition [8]. Besides, this chronic inflamma-
tion in adipose tissue accelerates the complications and
diseases caused by obesity [9]. The study results showed
that there was a positive relationship between C-reactive
protein synthesis index (CRP) and the risk of coronary
heart disease and mortality from cardiovascular disease
[10, 11]. Accumulating evidence also suggests that obe-
sity reduces cardiorespiratory fitness (CRF) [12]. CRF is
a modifiable and independent risk factor for mortality
from cardiovascular disease (CVD) [13]. Previous studies
have shown that high CRF, which is evaluated by the peak
of oxygen uptake (VO,,,,), is associated with a reduced
risk of cardiovascular disease and related mortality [14].
Therefore, inflammation and VO, are significantly
associated with other major cardiovascular risk factors
[14]. One of the key and modifiable factors effective in
reducing or causing inflammation is diet which led to
the development of the dietary inflammatory index (DII)
[15]. In fact, DII is a scoring algorithm that ranks indi-
viduals’ diets based on their inflammatory potential [16].
The purpose of making this index is to classify people’s
diet from maximally anti-inflammatory to maximally
pro-inflammatory [15—18]. The DII authors evaluated the
association of dietary components with six markers of
inflammation:

IL-1p, IL-4, IL-6, IL-10, TNF-a and CRP [16]. Accumu-
lating evidence illustrate that a high DII diet is associated
with an increased risk of metabolic syndrome, diabetes,
hypertension, and cancer [7, 12, 13, 19]. In addition, a
recent umbrella review showed that anti-inflammatory
dietary patterns play a significant role in the prevention
of chronic diseases [20].

Given that Iran has an increasing rate of obesity and
several inflammatory diseases, we designed this cross-
sectional study to investigate whether the combined
association of dietary inflammatory index and resting
metabolic rate is related to cardiorespiratory fitness in
adults. We hypothesized that the higher inflammatory
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index of the diet in our participants is associated with
low RMR and CRF in Iranian adults.

Methods

Study design

This study consisted of 270 apparently healthy adults (118
men and 152 women). The social network was used to
recruit participants through a recruitment message. Con-
venience sampling was used to select the subjects. Based
on previously calculated correlation coefficient between
diet and cardiorespiratory fitness [21], our target number
of participants was 256 ((Zl_% +Z1gpx~V1— ﬂ/r)
= 256). However, in order to replace patients who were
excluded due to under- or over-reported food intakes, we
continued sampling until enrolling 273 individuals.
Research criteria included apparently healthy adults liv-
ing in Tehran, aged 18-70, who were interested in partic-
ipating in the study, and were willing to participate in
study. Individuals with extreme values of dietary intake
(less than 800 kcal per day or more than 4200 kcal per
day, respectively), those with kidney, liver, digestive, hor-
monal and lung disease, infectious and active inflamma-
tory diseases, pregnancy, lactation, routine supplement
and drug use, such as weight loss, hormonal, sedative
drugs, thermogenic supplements such as caffeine and
green tea and conjugated linoleic acid (CLA), were
excluded. After removing three subjects due to above-
mentioned reasons, only 270 participants remained for
statistical analysis (Fig. 1).

Anthropometric measures

A wall stadiometer was used to determine the height of
participants without shoes (Seca, Germany). Waist cir-
cumference (WC) was measured at narrowest point
between lower rib and iliac crest by non-elastic tape.
Body mass index (BMI), weight, fat mass (FM), fat free
mass (FFM), and lean body mass (LBM) were measured
by InBody (InBody720, Biospace, Tokyo, Japan). The
established protocol entailed abstaining from food con-
sumption for a minimum of 4 h, consuming at least 2 L of
water the day prior, and refraining from consuming cof-
fee or alcoholic beverages for a minimum of 12 h. Prior to
the test, participants were instructed to void their blad-
der [22].

Assessment of other variables

The participants filled out a self-administered question-
naire to assess their demographics, including their age,
sex, smoking status (smokers, non-smokers or quitters),
as well as their education status (under diploma/diploma/
educated). To assess blood pressure, first, we demanded
individuals to rest for at least ten minutes. Blood pres-
sure was then measured using a standard mercury
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Fig. 1 Participants flow diagram

sphygmomanometer, twice with a 5-min interval, while
participants were sitting. The mean of the two measure-
ments was recorded as the participant’s blood pressure.
The levels of physical activity were measured using the
international physical activity questionnaire (IPAQ) [23].
Three categories were developed to categorize the sub-
jects, including very low (<600 METs/week), low (600—
3000 METs/week), moderate, and high (>3000 METs/
week) based on metabolic equivalents (METs) [24].

Dietary intakes

In order to evaluate habitual food consumption, a vali-
dated semi-quantitative food frequency questionnaire
were used [25]. The questionnaire included 168 food
items, with standard serving sizes as commonly con-
sumed by Iranians. A team of experienced nutritionists
interviewed each participant in detail to collect nutri-
tional information. Participants were queried on their
consumption of various food items, with two questions
posed for each item: Firstly, the frequency of food group
consumption, measured in annual, monthly, weekly,
and daily intervals over the past year, and secondly, the
approximate amount of each item consumed per occa-
sion. Subsequently, all food items’ frequency and quan-
tity of consumption were converted into grams per
day, utilizing “household measures” [26]. The authors
added Iranian foods and recipes to the software and the

macronutrient and micronutrient content of the diets
were then determined using modified Nutritionist IV
software developed specifically for Iranian foods (version
7.0; N-Squared Computing, Salem, OR, USA).

Resting metabolic rate

The resting metabolic rate (RMR) was estimated through
indirect calorimetry (Cortex Metalyser 3B, Leipzig, Ger-
many). As per established procedures, two calibrations
were undertaken: (1) The gas analyzer was calibrated
prior to each measurement using ambient air and a
standard gas mixture (16% O,, 4.96% CO,), and (2) the
flow calibration was executed via a 3-L syringe (Hans
Rudolph, UK). Upon completion of the calibration pro-
cess, data pertaining to the patient’s date of birth, sex,
height, weight, and mask size were entered. Patients were
instructed to abstain from food and non-water fluids
for 12 h and refrain from smoking for a minimum of 4 h
prior to the test. Participants were provided with guide-
lines to remain alert and relaxed while positioned supine
on a bench, and refrain from talking or moving dur-
ing the examination. The measurement was conducted
within a serene environment with controlled temperature
and humidity, lasting for 45 min after donning a gas col-
lection mask. Readings were taken without interruption,
and the first 10 min were excluded from the data analysis
[27].
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Cardiorespiratory fitness testing

To estimate cardiorespiratory fitness (CRF), study partic-
ipants commenced their exercise regimen at a velocity of
5 miles per hour (mph) for a duration of 5 min, employ-
ing a standard treadmill model (h/p/cosmos). VO,,,.., was
evaluated through the implementation of the Bruce Pro-
tocol [28], which is systematically structured into incre-
mental 3-min stages that initiate at a pace of 1.7 mph
and an incline of 10% gradient for 3 min, subsequently
advancing in stages (Fig. 2) until a stop-test indicator is
attained. This protocol consisted of seven stages that each
stage last 3 min. The test is halted if the patient experi-
ences chest pain, shortness of breath or fatigue. The test
is also terminated if more than 90% of maximum heart
rate predicted for age is reached, respiratory exchange
ratio is>1.10, and a plateau (<150 mL/min increase)
in oxygen consumption is detected in contrast with an
increase in speed. At least two of the three criteria must
be met. Finally, participants engage in a cool-down pro-
cess consisting of a 3-min walk at 4 mph and stretching
exercises. Following the Bruce protocol, the treadmill and
respiration gas analyzer (Cortex Metabolizer 3B) were
used to measure the three type of maximum oxygen con-
sumption including relative to body mass [VO,,,(ml/
kg/min)], absolute [VO,,,,,(L/min)], and relative to LBM
[VO, ma(LBM)].

DIl development

Dietary inflammatory index scores were calculated by
multiplying 29-item nutrients or foods based on the
inflammatory weights they carry according to Shivappa
et al. method [16]. Firstly, in order to reduce the variation
in dietary intake between people, macronutrients and
micronutrients (carbohydrate, protein, total fat, choles-
terol, saturated fatty acids, monounsaturated fatty acids
(MUFA), polyunsaturated fatty acids (PUFA), n-3 fatty
acids, n-6 fatty acids, 5-carotene, vitamin A, vitamin C,
vitamin D, vitamin E, vitaminB6, vitaminB12, fiber, folic
acid, niacin, riboflavin, thiamin, iron, zinc, selenium,
magnesium, onion, caffeine) were computed on a daily

Stage Minutes Speed (mph) Grade (%)

1 3 1.7 10
2 3 2.5 12
3 3 34 14
4 3 4.2 16
5 3 5 18
6 3 5.5 20
7 3 6 22

mph: Miles per hour

Each stage is 3 minutes in duration, total duration = 21 minutes

Fig. 2 Bruce protocol for maximal and sub maximal efforts
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basis [29]; our documents lacked some nutrients (trans
FAs, flavan-3-ol, flavones, flavonols, flavanones, antho-
cyanidins, isoflavones, pepper, thyme/oregano, rose-
mary, garlic, ginger, saffron, and turmeric and tea), so we
excluded them. Food parameters were adjusted to their
corresponding global mean and standard deviation for
each individual [16]. To normalize the scoring system and
avoid skewness, the Z score values were converted to per-
centiles and centered by doubling them and subtracting
one. DII scores for food parameters are derived by multi-
plying the centered percentile value of each food param-
eter by the overall food parameter score [16]. Lastly, all
food parameter-specific DII scores were summed to
determine the DII score. Diets with higher DII scores
tend to be pro-inflammatory, while diets with lower DII
scores tend to be anti-inflammatory. We set median
value of DII score as threshold level (DII median="7.70)
such that upper median values of DII considered as high
inflammatory diet and vice versa.

Statistical analysis

Statistical tests such as Kolmogorov—Smirnov and Sha-
piro—Wilk were used to determine the normality of
distributions. There was a normal distribution for all
variables. After that, subjects were categorized accord-
ing to their DII and RMR median values. We computed
four independent groups by combining DII and RMR
dichotomized groups (low DII/low RMR, low DII/high
RMR, high DII/low RMR and high DII/high RMR). To
compare general characteristics across the four groups,
we used one-way analysis of variance (ANOVA) and chi-
square tests for quantitative and qualitative variables,
respectively. To compare participants’ dietary intakes
within four groups, analysis of covariance (ANCOVA)
to adjust for energy intake. We used ANOVA to exam-
ine significant differences across the four above-men-
tioned groups. Post hoc Tukey test was used to compare
pair-wise mean differences. CRF values were then trans-
formed into binary variables according to the upper
and lower median values. The median values were
VO, 0 (ml/kg/min) =30.0 VO, (L/min)=2.04, and
VO,,.«(LBM)=47.94. ANCOVA test was performed
to compare the mean of CRF among DII/RMR groups
after adjusting for potential confounders such as age,
sex, smoking status, energy intake, physical activity and
BMI. Binary logistic regression was performed to find
the association of CRF with DII/RMR categories in vari-
ous models. First, we adjusted age and sex. Then, we
additionally controlled for smoking and physical activity
status. To obtain the overall trend of odds ratios across
the combined effect of DII and RMR, we considered
these classifications as an ordinal variable in the logistic
regression models and the first tertiles regarded as the
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reference group. All statistical analysis was performed of 18-70 years old. The mean of age, height, weight,
with the SPSS (Statistical Package for Social Sciences) for ~ BMI, WC, FFM and systolic blood pressure (SBP) had
Windows 25.0 software package (SPSS, Chicago, IL). The  significant differences across study groups. For other

level of statistical significance was pre-set at p <0.05. variables, we did not see any significant difference. The
distribution of sex among the four groups was signifi-

Results cantly different.

The general characteristics of participants are shown Table 2 indicates the dietary intake of study partici-

in Table 1. This research included a total of 270 par- pants by DII/RMR categories. There were significant dif-
ticipants (118 men and 152 women) with an age range ferences in intake of protein, fiber, energy, vitamins (B12,

Table 1 General characteristics of the participants in the study

Low Dil/low RMR  Low DII/high RMR  High DIl/low RMR  High DIl/high Pvalue Comparison* Post hoc P value
(1) (2) (3) RMR (4)
n 67 67 68 68
Mean=+5SD
Age (year) 3984125 354127 393+148 324+116 0.004 (1) versus (4)  0.007
(3) versus (4) 001
Height (cm) 163£9.29 1734915 162+7.85 172+9.06 <0001 (Dversus(2) <0001
(1) versus (4) <0.001
Weight (Kg) 678+138 793+143 644+123 776+178 <0.001 (1) versus (2) <0.001
(1) versus (4)  0.001
BMI (kg/mz) 25.1+4.21 26.5+5.00 24.2+4.03 26.1+£522 0.022 (2) versus (3)  0.02
WC (cm) 87.8+10.8 935+125 84.1+10.0 91.8+14.2 <0001 (1) versus(2) 0.04
(3) versus (4)  0.002
FEM (kg) 452+103 551+126 4334943 551+124 <0.001 (1) versus (2) <0.001
(1) versus (4) <0.001
FM (kg) 225+7.57 2356+113 21.0+7.24 226+109 0.526 - -
LBM (kg) 47.1+9.74 46.2+11.0 453+10.6 4904129 0299 - -
SBP (mmHg) 109+19.5 1184126 109+18.1 107+24.0 0007  (T)versus(2)  0.04
(2) versus (4)  0.006
DBP (mmHg) 70.3+8.26 73.5+105 69.1+145 69.6+8.77 0.102 - -
Frequency (%)
Sex, n (%)
Male 12(11.3) 38(35.8) 16 (15.1) 40 (37.7) <0.001
Female 51(34.7) 25(17) 47 (32) 24 (16.3)
Smoking, n (%)
Not smoking 58 (26.1) 53(23.9) 56 (25.2) 55 (24.8) 0.231
Quit smoking  1(83) 6 (50) 4(33.3) 1(8.3)
Smoking 9(25) 5(12.5) 5(12.5) 18 (50)
Physical activity, n (%)
Low 26 (26.3) 17(17.2) 28(28.3) 28(283) 0.238
Moderate 26 (25.2) 27 (26.2) 24 (23.3) 26 (25.2)
High 10 (20) 19 (38) 11(22) 10 (20)
Education, n (%)
Under diploma 7 (16.7) 8(22.2) 15(38.9) 8(222) 0.241
Diploma 18 (40) 9 (20) 8(17.8) 10 (22.2)
Educated 41(21.8) 49 (26.1) 48 (25.5) 50 (26.6)

P value less than 0.05 was considered significant
Values are based on mean + standard deviation or reported percentage
One-way ANOVA for quantitative data and chi-square test for qualitative data have been used

DIl Dietary inflammatory index, RMR Resting metabolic rate, WC Waist circumference, FFM Fat free mass, FM Fat mass, BMI Body mass index, LBM Lean body mass,
mmHg Millimeter of mercury, Kg Kilogram, kg/m? Kilogram per meter?, SBP Systolic blood pressure, DBP Diastolic blood pressure

*Only significant comparisons are shown
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Table 2 Dietary intake of study participants

Low DIl/low RMR Low DIl/high RMR High DIl/low RMR High DII/high RMR Patet
Participants, (n) 67 67 68 68
Carbohydrate, g/d 306+114 376+152 3274129 319+163 0.151
Protein, g/d 788+289 104+44.2 80.1+288 89.1+386 0.017
Fat, g/d 715+299 848+344 71.7+315 776+29.6 0.752
Fiber, g/d 15.1+£6.67 18.2+7.60 159+7.32 13.7+£4.96 0.007
Energyt, Kcal/d 2134+689 2634 +969 22224772 2289+929 0.007
Vitamin B12, ug/d 3.72+1.98 5494346 3934223 466+225 0.025
Vitamin B6, mg/d 134+0.64 1.73+0.75 1.36+0.65 1.32+049 0.044
Vitamin A, ug/d 1249+803 1624 +1261 1313+£782 1177+£815 0.272
Vitamin C, mg/d 138+69.4 1524782 140+£86.5 114+£475 0.032
Vitamin D, IU/d 1.81+1.41 250+2.20 227+2.19 247+246 0477
Vitamin E, mg/d 3954248 497+3.01 449+450 3914148 0.522
Beta-carotene, ug/d 771+689 1011+1179 771+659 660+ 754 0.340
Caffeine, g/d 156+129 269+753 161+116 1794132 0.820
Total cholesterol, mg/d 2544181 381+280 233+99.2 267+131 0.003
Folate, mg/d 282117 345+156 301+129 293+125 0.776
Iron, mg/d 19.7+11.1 253+128 19.9+7.70 2024103 0.458
Zinc, mg/d 8.52+338 1094503 8.69+3.21 9.64+4.10 0271
Magnesium, mg/d 260+ 101 309111 277+101 274+102 0.753
MUFA, g/d 213+£11.2 248+113 21.3+£109 23.7+10.3 0.773
PUFA, g/d 153+8.12 17.7+£10.0 14.5+7.59 16.3+8.23 0.701
Niacin, mg/d 19.2+6.92 259+11.1 204+8.03 216+129 0.346
Omega3, g/d 033+0.23 032+0.24 0.17+0.13 020+0.13 <0.001
Omegaéb, g/d 13.1+7.73 14.8+9.31 124+6.98 13.9+7.87 0.713
Riboflavin, ug/d 1.50+0.62 1.88+0.87 1.59+0.63 1.83+1.07 0.063
SFA, g/d 2144943 256+11.5 221+£111 244+10.6 0.595
Selenium, mg/d 0.03+0.02 0.05+0.04 0.04+0.03 0.04+0.03 0.642
Thiamin, mg/d 1.68+0.68 215+091 1.74+0.68 1.78+1.30 0.938

P value less than 0.05 was considered significant
Values are based on mean + standard deviation
" based on ANCOVA test adjusted for energy intake

DIl Dietary inflammatory index, RMR Resting metabolic rate, MUFA Mono unsaturated fatty acids, PUFA Poly unsaturated fatty Acids, SFA Saturated fatty acids

B6, C) and total cholesterol between DII/RMR groups.
Other dietary intakes had no significant differences.

The mean of VO, (mL/kg/min) was lower in partici-
pants that were classified as high DII/low RMR compared
to those in low DII/high RMR (p value =0.02), this signif-
icant association was remained significant after control-
ling for confounders (p value =0.04). Post hoc Tukey test
revealed no significant differences between other catego-
ries in comparison with low DII/high RMR group. Par-
ticipants with a high DII score and low RMR had lower
VO,piax (L/min) and VO,y,, (LBM) compared with those
with low DII score and high RMR. However, the mean of
VO, . (L/min) and VO, .. (LBM) after adjustment for
confounders, had no significant differences in any classi-
fication (Table 3).

Multivariate adjusted odds ratios and 95% confidence
intervals for CRF by the combined effect of DIl and RMR

are given in Table 4. In the crude model, those who were
in the high DII/low RMR group, compared to the low DII/
high RMR group, were less likely to have higher VO, ..
(ml/kg/min) (ORO0.75; 95% CI0.10, 0.85, p=0.02); this
association remained significant after adjusting for con-
founding variables (OR0.72; 95% CI0.18, 0.82, p=0.04).
Moreover, we found that participants in high DII/low
RMR group, had lower odds of VO,, ., (L/min) which
was significant (OR 0.84, 95% CI0.18, 0.89, p=0.03).
When potential confounders were taken into account,
such association remained significant (OR 0.75, 95%
CI0.11, 0.89, p=0.03). In the crude model, those who
were in the high DII/low RMR group, compared to the
low DII/high RMR group, were less likely to have higher
VO,,... (LBM) (OR0.85; 95% CI0.05, 0.90, p=0.01); this
association remained significant after adjusting for con-
founding variables (OR0.79; 95% CI0.30, 0.92, p=0.02).
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Table 4 Odd ratios and 95% Cls for cardiorespiratory fitness by combined effect of dietary inflammatory index and resting metabolic

rate
Interaction of DIl and RMR
Low DlI/high Low DIl/low RMR High DIl/low RMR High DIl/high RMR
RMR
OR (95% ClI) P value* OR (95% CI) P value* OR (95% ClI) P value*
VOP™™ (mli/kg/min)
Crude 1 092 0.18 0.75 0.02 1.05 0.15
(041,152) (0.10,0.85) (0.55, 1.65)
Modell 1 0.78 0.12 0.83 0.02 0.73 0.20
(0.29, 1.09) (0.16,0.97) (0.28,1.86)
Model2 1 0.76 0.20 0.72 0.04 0.81 0.23
(0.28,1.07) (0.18,0.82) (031,2.11)
VO,,0x (/Min)
Crude 1 147 040 0.84 0.03 0.78 0.30
(0.22,1.58) (0.18,0.89) (0.37,1.65)
Model1 1 048 037 0.81 0.02 093 032
(0.20,1.34) (0.12,0.88) (040, 1.40)
Model2 1 046 036 0.75 0.03 097 034
(0.19,1.20) (0.11,0.89) (0.41,1.35)
VOP™X (LBM)
Crude 1 1.46 0.51 0.85 0.01 1.56 043
(0.70,1.84) (0.05, 0.90) (0.75, 1.64)
Model1 1 1.18 034 0.81 0.02 129 045
(0.51,1.70) (0.10,0.94) (0.57,1.94)
Model2 1 1.13 0.58 0.79 0.02 1.26 048
(049,1.61) (0.30,0.92) (0.55,1.90)

Data are presented as odds ratio (95% Cl)

Cox and Snell R square for VO,,.., (ml/kg/min) is 0.30, for VO,,.., (L/min) is 0.04, and for VO,,., (LBM) is 0.04

DIl Dietary inflammatory index, RMR Resting metabolic rate, Model 1 Adjusted for age, sex, education status, smoking, Model 2 Adjusted for age, sex, education status,

smoking, physical activity

*Obtained by binary logistic regression and all the P values was compared to low DIl/high RMR group as reference category

There was also no significant combined association of
dietary inflammatory index and resting metabolic rate
on cardiorespiratory fitness even after controlling for
covariates.

Discussion
According to our cross-sectional study, the mean of
VO, ey (mL/kg/min), VO, (L/min) and VO,,, ., (LBM)
was lower in participants that were classified as high DII/
low RMR compared to those in low DII/high RMR. After
controlling for covariates, those who were in the high
DII/low RMR group, compared to the low DII/high RMR
group were 28% less likely to have higher VO, .. (ml/kg/
min). Moreover, we found that participants in high DII/
low RMR group had 25% lower odds of VO,, .. (L/min)
which was significant. In the final model, those who were
in the high DII/low RMR group, compared to the low
DII/high RMR group were 21% less likely to have higher
VO, (LBM).

In line with our results, a study by Potteiqger et al. [30]
showed that participants lost 5 kg of body weight and

about 4% of their adipose tissue during a 16-month
exercise program. Also, after nine months, it was asso-
ciated with a significant increase in VO, and a sig-
nificant increase in RMR in both sexes. Eventually, the
results showed that following a moderate-intensity
aerobic exercise program along with reduced caloric
intake from foods lead to an increased RMR and weight
loss and body fat in obese people [30]. A cross-sec-
tional study on apparently healthy adults with mean
BMI equal to 25.6 kg/m? showed that VO, .. is posi-
tively associated with RMR [31]. Moreover, this study
revealed that those with VO,,,., and lower RMR, had
better body composition profiles including lower vis-
ceral fat, trunk fat, and body fat mass [31]. Moreover,
a study conducted by Broeder and colleges on normal-
to-overweight men failed to show any relationship
between RMR and CRF [32]. On the other hand, posi-
tive stepwise gradient in RMR according to tertiles of
CRF in a cross-sectional study by shook et al. indicate
the key role of aerobic capacity on resting metabolic
rate. In this study, participants with moderate to high
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CRF had higher RMR than those with low CRF [33].
Previous results by Kim and colleges have also shown
that a difference in measured RMR and predicted RMR
in obese men and also shown that there is a signifi-
cant difference between measured RMR and predicted
RMR in Korean obese men. This study also reported a
positive association between their aerobic capacity and
RMR [34]. Another study by Smith et al. showed there
is no significant relationship between aerobic capacity
and RMR in healthy women in the age range of 19 to
30 years [35]. In addition, Ormsbee et al. [36] showed
that a period of 35-42 days of swim detraining such
as light-moderate physical exercise after a competitive
swim in healthy men and women leads to the following
results: (a) 1.3%, 12.2% increase in weight and body fat,
respectively. (b) 7.7% decrease in VOy,,,, and (c) 7%
decrease in RMR, without any change in blood lipids.
It should be noted that increasing in body weight and
specially body fat may cause the drop in CRF and RMR.

The highest quantity of oxygen that an individual may
utilize when participating in intense or strenuous activ-
ity is known as VO2 max or maximal oxygen consump-
tion. This measurement is generally considered the best
indicator of cardiovascular fitness and aerobic endurance
[37]. Payandeh et al. [37] show that higher adherence to
a higher pro-inflammatory potential diet may be associ-
ated with less VO,,,, (ml/kg/min). In contrast, previous
results from a case—control study by Scott et al. showed
the DII score was associated with systemic inflammation
increase and less lung function. They also reported that
an increase by one unit of DII score can elevate the risk of
asthma by 70% [38].

Contrarily, in Asia, Ren et al. found only a slight asso-
ciation between the DII and the prevalence of the met-
abolic syndrome components (with the exception of
blood pressure) among adults in eight Chinese cities
[39]. Similarly, in a study conducted among the Lebanese
population [40] and in the Fasa Cohort Study (FACS)
[41] conducted in Iran, no significant association was
reported between the DII and the prevalence of Meta-
bolic syndrome. Furthermore, Asadi et al’s study of a
middle-aged Iranian population revealed no association
between the DII and total cardiovascular disease, myo-
cardial infarction, stable angina, or unstable angina [42].
Result of an umbrella review of meta-analyses of observa-
tional studies indicated that adherence to a diet with high
inflammatory index might be associated with a higher
risk of colorectal cancer, cardiovascular disease, and all-
cause mortality [20]. The reasons for these conflicting
findings may be related to the various sample sizes of
studies or also various studies design, even though lack of
adjustment for different confounders such as individuals
medical and family history.
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Two possible mechanisms mentioned in studies regard-
ing the effect of physical activity on RMR are as follows:
physical activity can affect RMR by accelerating muscle
growth and affecting physiological processes. Cardi-
orespiratory fitness also appears to be a key predictor of
RMR, although it operates independently of skeletal mus-
cle mass [43]. This difference in RMR according to CRF
groups is probably due to physiological processes [33].
Other mechanisms for explaining how CRF and physical
activity affect RMR levels may be related to sympathetic
nervous system regulations [44—46], the function of neu-
roendocrine system [47, 48], structure changing of myo-
cytes [49], and various immune responses [50].

Several limitations are better to be considered in the
explanation of our findings. The main limitation of our
study is its cross-sectional design which does not accu-
rately state the cause-and-effect relationship. Another
limitation is the low sample size of our study. Also, we
calculated DII based on 29 dietary items and data regard-
ing 16 dietary items were not available in this study. How-
ever, some strengths of our study should be noted that
the present study is the first study from Iran to examine
the combined association of dietary inflammatory index
and RMR on cardiorespiratory fitness. As well, we have
used the standardized 168 items FFQ that has been col-
lected for the Iranian eating habits assessment. Moreo-
ver, we adjusted several important confounders which
could affect our main results. Therefore, the results of the
present study can be a positive step in the direction of
anti-inflammatory diet recommendations by physicians.

Conclusion

In conclusion, consumption of a pro-inflammatory diet
in combination with low RMR status is associated with
28% lesser odds of having better CRF compared with
those with anti-inflammatory diet with high RMR among
Iranian healthy men and women. In other words, we have
observed the importance of physical activity and how
the inflammatory index can influence it. However, more
studies on this area are needed to confirm the veracity of
our results. This study suggests that researchers should
focus on dietary indexes rather than single antioxidant
nutrients for having a better judgment.

Abbreviations

DIl Dietary inflammatory index
BMI Body mass index

FFQ Food frequency questionnaire
RMR Resting metabolic rate
ANOVA Analysis of variance

ANCOVA  Analysis of covariance
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WHIR Waist-to-height ratio

CRF Cardiorespiratory fitness
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