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Abstract

Background: Non-communicable diseases (NCDs) are the leading cause of mortality in Iran,
driven largely by modifiable lifestyle risk factors. Healthcare providers play a pivotal role in
delivering preventive lifestyle recommendations, yet the extent and effectiveness of these efforts
remain unclear. This study aimed to assess the distribution of lifestyle counseling across
sociodemographic and clinical subgroups and its association with health behavior status in Iran
using data from the 2021 WHO STEPS survey.

Methods: We conducted a cross-sectional analysis of 27,704 included adults participating in the
nationally representative 2021 STEPS survey in Iran. Data on delivery of ten specific lifestyle
recommendations within the past 12 months, covering diet, physical activity, weight management,
and tobacco non-initiation/cessation, were collected. Associations between recommendation
delivery and health behaviors were analyzed using logistic regression models.

Results: Only 33.4% (95% Confidence Interval (CI): 32.8-34.0) of participants received all ten
lifestyle recommendations, while 10.7% (10.2-11.1) received no recommendations.
Recommendations were more frequently delivered to females, rural residents, and individuals with
multiple comorbidities, indicating a risk-based response by healthcare providers. Notably, tobacco
non-initiation/cessation advice was not more commonly offered to patients with multiple chronic
conditions. Delivery of lifestyle counseling was associated with positive behavior status:
individuals who received weight loss/ maintaining normal weight and physical activity advice
were more likely to engage in sufficient physical activity (adjusted odds ratio 1.21(1.13-1.29)),
and among current smokers, receiving tobacco cessation recommendation was associated with
higher tobacco quitting attempt (aOR: 1.83(1.49-2.24)). A dose-response relationship was
observed between the number of nutritional recommendations received and better diet quality
(aOR for 6 vs. <2 recommendations: 1.32 (1.24-1.41)). Geographical disparities were evident, with
eastern provinces receiving the least comprehensive counseling.

Conclusion: Delivery of lifestyle recommendations by healthcare providers in Iran shows
variation by sociodemographic and clinical factors and is positively associated with behavior
status. These findings highlight the effectiveness of provider-delivered lifestyle counseling and the
need for more consistent, equitable, and targeted delivery, particularly for high-risk individuals
and underserved regions, to strengthen national NCD prevention efforts.

Keywords: Iran, Healthy Lifestyle, Cross-Sectional Studies, Demography, Diet, Food, and
Nutrition, Behavior, Nutritional and Metabolic Diseases, Overweight, Exercise

Introduction

Non-communicable diseases (NCDs) represent a major global health challenge, responsible for an
estimated 43 million deaths worldwide in 2021, according to the World Health Organization
(WHO). Four major NCDs, cardiovascular diseases, cancers, chronic respiratory diseases, and
diabetes, account for nearly 80% of all NCD-related deaths globally, with 82% of these occurring


https://doi.org/10.64898/2026.03.11.26348114
http://creativecommons.org/licenses/by/4.0/

60
61
62
63

64
65
66
67
68
69

70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88

89

90
91
92
93
94
95
96
97
98
99

medRxiv preprint doi: https://doi.org/10.64898/2026.03.11.26348114; this version posted March 12, 2026. The copyright holder for this preprint

(which was not certified by peer review) is the author/funder, who has granted medRxiv a license to display the preprint in perpetuity.
It is made available under a CC-BY 4.0 International license .

in low- and middle-income countries (LMICs) [1]. These conditions are closely linked to
modifiable lifestyle risk factors, including poor nutrition, physical inactivity, excess body weight,
tobacco use, and harmful alcohol consumption, which necessitate targeted and evidence-based
intervention programs [2].

In Iran, a middle-income country, NCDs account for approximately 86% of all deaths, placing a
substantial burden on the healthcare system and impeding broader socio-economic development
[3]. Most of the leading NCD risk factors in Iran are either behavioral, such as smoking and dietary
habits, or metabolic, including hypertension, obesity, hyperglycemia, and dyslipidemia [4].
Reducing the population-level burden of these risk factors is the key to diminishing the rising
impact of NCDs.

Healthcare providers across the continuum of care, from primary care physicians to specialists and
interprofessional teams, are integral to health promotion and disease prevention by delivering
lifestyle recommendations as part of routine clinical practice.[5,6] While preventive counseling
has been emphasized in international guidelines for cardiovascular disease, diabetes, chronic
respiratory disease, and cancer[7—11], there remains limited evidence on how effectively such
recommendations are delivered in practice, particularly in low- and middle-income countries. In
Iran, several national strategies have been developed to operationalize this role within the health
care system. Aligned with the WHO Global Action Plan for the Prevention and Control of
NCDs[12], the Iranian Non-Communicable Diseases Committee (INCDC) was established
through multisectoral collaboration and launched a national action plan in 2015. [13,14]Despite
these policy-level efforts, little is known about how lifestyle recommendations are distributed
across the population and whether their receipt translates into measurable behavior change. The
WHO STEPwise approach to Surveillance (STEPS) provides a standardized method for collecting
nationally representative data on NCDs and their risk factors [15]. Using data from the 2021
STEPS survey [16], this study aims to examine the extent to which lifestyle recommendations are
delivered by healthcare providers during routine medical encounters, and to evaluate whether
receiving such advice is associated with positive behavior change among Iranian adults. By
addressing this knowledge gap, the study offers important insights into the effectiveness of current
NCD prevention strategies and identifies areas for improvement within Iran’s healthcare system.

Methods

Study Design and Participants

This research utilized the data from the STEPS 2021 study [17]. The STEPS 2021 dataset was
accessed on October 26, 2024 (08/26/2024). The Iranian STEPS 2021 survey was designed to
provide data on NCDs risk factors through a three-step methodology: (1) questionnaire-based
interviews, (2) physical measurements, and (3) laboratory assessments. A systemic cluster random
sampling strategy was administered across all 31 provinces, based on population size and relative
weighting to ensure representativeness at both national and subnational levels. Of the 28,821
estimated sample size, 27,874 individuals completed the first step, 27,745 underwent physical
measurements, and 18,119 participants aged 25 years or older provided biological samples for
laboratory testing. Only Iranian adults aged 18 years and older were eligible, and the presence of
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100  any mental or physical conditions that prevented participation in the study steps and pregnancy
101  were considered exclusion criteria. For the purpose of this study, we conducted a secondary
102  analysis of the STEPS 2021 dataset and excluded 170 individuals due to missing responses for the
103 lifestyle recommendation questions.

104 Data Collection

105 In the first steps of the STEPS survey, information was gathered through a standardized
106  questionnaire that addressed a wide range of topics, including demographic characteristics, dietary
107  habits, medical history, physical activity, lifestyle recommendation, tobacco and alcohol
108  consumption, and household assets. The second step involved collecting physical measurements
109  including height, weight, waist, hip circumference, and blood pressure. Height was measured with
110  a standard stadiometer, with participants standing straight against a wall, ensuring contact at the
111 heels, hips, and back of the head. Body weight was measured using a calibrated Inofit digital scale,
112 with participants dressed in light clothing and barefoot. Prior to recording blood pressure,
113 participants were seated and rested for 15 minutes. Blood pressure was then measured three times
114  at three-minute intervals using calibrated Beurer sphygmomanometer, with the final value being
115  the average of the second and third readings. The third step involved serum and spot urine samples.
116  Biological samples were preserved and transported under cold chain conditions to a central
117  laboratory for further analysis.

118 Definition of Variables

119  The main outcome of this study was the receipt of ten lifestyle recommendations from physicians
120  or other healthcare providers within the past 12 months. Participants self-reported whether they
121 had received recommendations on the following: tobacco non-initiation/cessation, reducing salt
122 intake, daily consumption of fruits and vegetables, reducing red meat and processed foods,
123 lowering fat intake, increasing fish consumption, consumption of whole grain bread and complex
124  carbohydrates, reducing sugar intake, exercising, and losing weight/maintaining normal weight.
125  Based on the number of recommendations received, participants were categorized into four groups:
126 those who received all ten recommendations, those who received six to nine, those who received
127  one to five, and those who did not receive any recommendation.

128  This study assessed multiple demographics, behavioral, and clinical variables using the 2021
129  WHO STEPS survey questionnaire and associated measurements. Participants were categorized
130 into three age groups: 18-39 years, 40-59 years, and 60 years or older. Area of residence was
131  classified as either urban or rural, and marital status was grouped into married, divorced or
132 widowed, and never married. Educational attainment was categorized into three groups: illiterate
133 or 1-6 years of schooling, 7-11 years, and 12 or more years of education. Employment status was
134  recorded as employed, retired, unemployed, or unpaid. Socioeconomic status was measured using
135  the wealth index, which was calculated from 36 household asset-related questions using principal
136  component analysis (PCA). The first principal component, which captured the greatest variation
137  among variables, was selected as the summary measure and categorized into five quintiles, ranging
138  from the poorest (first quintile) to the wealthiest (fifth quintile) segments of the population, in
139  accordance with the STEPS 2021 protocol [16]. Health insurance coverage was recorded as basic
140  only, basic plus complementary, or no insurance.
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141 The presence of chronic conditions, including diabetes, hypertension, and hypercholesterolemia
142 was based on self-reported ever diagnoses by healthcare providers. This approach allowed us to
143  focus on individuals aware of their diagnosis. Other comorbidities were similarly defined based
144  on self-report. Participants were considered to have cardiovascular disease (CVD) if they reported
145  ever being told by a healthcare worker that they had a heart attack, angina, or stroke. For chronic
146  respiratory disease, participants were classified as having the condition if they have ever been
147  diagnosed with asthma or chronic obstructive pulmonary disease (COPD), based on self-report of
148  long-term respiratory symptoms and physician diagnosis. Cancer status was defined by the self-
149  report of diagnosis of any types of cancer in the past 12 months. The number of comorbidities was
150  calculated as the count of the following conditions: hypertension, diabetes, hypercholesterolemia,
151  CVDs, chronic respiratory disease, and cancer. We then categorized participants into three groups:
152 0, 1, or >2 comorbidities.

153  BMI was calculated as weight in kilograms divided by height in meters squared (kg/m?).
154  Participants were classified as underweight or normal weight (BMI < 25 kg/m?), overweight (BMI
155 25 to <30 kg/m?), or obese (=30 kg/m?). Physical activity was assessed using the Global Physical
156  Activity Questionnaire (GPAQ). Based on total weekly metabolic equivalent of task (MET),
157  individuals with <600 MET-minutes/week were considered to have insufficient physical activity,
158  per WHO guidelines [18].

159  Regarding tobacco and alcohol consumption, current tobacco use was defined as any occasional
160  or daily use of tobacco products during the past year. Individuals who reported ever using tobacco
161  but had not used it in the past year were classified as past smokers. Passive smokers were identified
162  as those who reported exposure to secondhand smoke in home or workplace. Participants who
163  reported no history of tobacco use and no exposure to secondhand smoke were considered never
164  smokers. For alcohol consumption, individuals were classified as current drinkers if they had
165  consumed alcohol within the past 12 months, as past drinkers if they had previously consumed
166  alcohol but not within the past year, and as never drinkers if they had never consumed alcohol.

167  Nutritional practices were evaluated using six key dietary components: intake of fruits, vegetables,
168 red meat, fish, whole grains, and fats. Each component was scored from 0 to 1 based on
169  participants’ responses on the serving/frequency of consumption, reflecting alignment with dietary
170  guidelines and expert recommendations (S1 Table). These scores were then summed to calculate
171  a composite nutrition score with possible values ranging from 0 to 6, where higher scores indicate
172 better dietary quality. Salt intake was assessed, using an indirect estimate of daily salt consumption
173 derived from urinary sodium concentration measured in spot urine samples collected during the
174  laboratory phase of the STEPS 2021 survey. Salt intake was classified as either appropriate or
175  inappropriate based on whether it fell below or above the population median value of 9.60 grams
176  per day.

177 Statistical Analysis

178  Descriptive statistics were used to summarize the characteristics of the study population. To
179  achieve both national and provincial representativeness, a four-step weighting procedure was
180  applied: (1) adjustment for overall non-response, (2) adjusting for non-response specific to each
181  survey step, (3) aligning the sample distribution with provincial population structures by age, sex,
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182  and area of residence, and (4) integrating all adjustments into a final composite weight [19].
183  Categorical variables were reported as weighted prevalence with 95% confidence intervals (ClIs).
184  To assess the associations between receiving different lifestyle modification recommendations and
185  various outcomes, logistic regression was used for binary response variables, and ordinal logistic
186  regression was employed for response variables with more than two categories. For each response
187  variable, three models were constructed: (1) a crude model, (2) an age- and sex-adjusted model,
188  and (3) a multivariate model adjusted for covariates selected through a stepwise approach with a
189  p-value threshold of <0.2. Statistical significance was determined at a p-value threshold of <0.05.
190  All analyses were conducted using R 4.4.1, and the ‘survey’ package was used to account for the
191  complex survey design.

192  Ethics Approval and Consent to Participate Ethical approval for this study was obtained from
193  the Research Ethics Committee of the Endocrine & Metabolism Research Institute, Tehran
194  University of Medical Sciences (Approval ID: IR. TUMS.EMRI.REC.1403.056; Approval date:
195 05 August 2024). The analysis was conducted using anonymized data from the 2021 WHO STEPS
196  survey. The STEPS survey itself received ethical approval from the relevant national ethics
197  committee, and all participants provided informed consent prior to participation. No identifiable
198  personal information was accessed by the authors.

199  Results

200 Population Characteristics

201  Among 27,704 participants, 44.7% were males and 75.0% lived in urban areas. The age
202 distribution was 39.4% (18-39 years), 39.2% (40-59 years), and 21.4% (=60 years). Most were
203  married (76.6%) and 43.6% had >12 years of education. Employment status showed 37.0% were
204  employed and 48.5% unpaid workers. Basic insurance covered 61.9% of participants. Self-
205  reported diabetes, hypertension, and hypercholesterolemia were 10.5%, 21.8%, and 17.8%,
206  respectively. Obesity was 25.0%, while 50.5% had insufficient physical activity. Current tobacco
207  and alcohol use were reported in 14.0% and 3.8%, respectively (Table 1).

208 Table 1. Baseline Characteristics of the Study Population Including Sociodemographic,
209  Behavioral, and Clinical Variables.

. Count Percentage (95%
Variable (n) CI)
S Female 15291 55.33 (54.67-55.98)
X
© Male 12413 | 44.67 (44.02-45.33)
18-39 years old 11093 39.44 (38.8-40.08)
Age Group 40-59 years old 10700 39.15 (38.5-39.79)
> 60 years old 5911 21.41 (20.87-21.95)
_ ) Rural 7565 25.04 (24.48-25.59)
Residential Area
Urban 20139 | 74.96 (74.41-75.52)
) Never Married 4213 15 (14.54-15.47)
Marriage Status .
Married 21239 | 76.64 (76.08-77.19)
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Divorced/Widowed 2252 8.36 (7.99-8.72)
illiterate/1-6 10704 | 37.27 (36.64-37.91)
Years of Schooling 7-11 5168 19.12 (18.6-19.64)
>12 11640 | 43.61 (42.95-44.27)
Unemployed 1539 5.27 (4.98-5.56)
Unpaid Job 13418 | 48.45(47.79-49.11)
Employment Status
Employed 10035 | 36.98 (36.34-37.61)
Retired 2520 9.31 (8.92-9.69)
1%t quantile (poorest) 5243 19.02 (18.5-19.54)
2nd quantile 5234 20.63 (20.08-21.18)
Wealth Index 3rd quantile 5243 18.95 (18.43-19.47)
4t quantile 5242 19.99 (19.45-20.53)
5 quantile (richest) 5235 21.41 (20.85-21.97)
None 2524 9.77 (9.37-10.17)
Insurance Status Ba.sic 17319 | 61.86 (61.22-62.51)
Basic 7545 | 28.37(27.77-28.97)
Complementary
Normal/Underweight 10346 | 36.98 (36.35-37.61)
BMI Overweight 10430 38.04 (37.4-38.68)
Obese 6798 24.98 (24.41-25.55)
. o Appropriate 12732 49.47 (48.78-50.16)
Physical Activity -
Inappropriate 12536 50.53 (49.84-51.22)
Never Smoker 15591 56.75 (56.09-57.4)
Passive Smoker 6817 23.82 (23.26-24.37)
Tobacco Use
Past Smoker 1479 5.42 (5.12-5.72)
Current Smoker 3785 14.01 (13.55-14.47)
Never Drinker 25685 93.14 (92.8-93.48)
Alcohol Use Past Drinker 788 3.02 (2.8-3.25)
Current Drinker 974 3.84 (3.58-4.1)
_ ) No 24819 | 89.46 (89.06-89.87)
Diabetes Mellitus
Yes 2876 10.54 (10.13-10.94)
. No 21618 | 78.22 (77.68-78.76)
Hypertension
Yes 6078 21.78 (21.24-22.32)
. No 22788 82.18 (81.68-82.69)
Hypercholesterolemia
Yes 4903 17.82 (17.31-18.32)
) ) No 25653 92.58 (92.24-92.93)
Cardiovascular Disease
Yes 2033 7.42 (7.07-7.76)
No 26422 | 95.61 (95.34-95.88)
COPD/ Asthma
Yes 1243 4.39 (4.12-4.66)
No 27333 98.8 (98.66-98.95)
Cancer
Yes 332 1.2 (1.05-1.34)
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0 17128 | 61.99 (61.35-62.63)
Comorbidities 1 5892 21.3 (20.76-21.84)
2 or more 4615 16.71 (16.22-17.21)

210 Distribution of Lifestyle Recommendations Across

211 Sociodemographic Groups

212 Table 2 presents the prevalence of lifestyle recommendations across different subgroups. Totally,
213 33.4% (95%CI: 32.8-34.0) of participants received all of the recommendations, 35.8% (35.2-36.5)
214  received six to nine recommendations, 20.1% (19.6-20.7) received less than six recommendations,
215  and 10.65% (10.2-11.1) received no recommendations. A provincial comparison revealed that the
216  proportion of individuals receiving all ten lifestyle recommendations was lowest in the eastern
217  provinces of Iran and highest in the northwest. An approximately inverse pattern was observed for
218  the proportion of individuals who received no recommendation (Fig 1). Among nutritional
219 recommendations, the most frequently delivered nutritional recommendation was to increase daily
220  fruit and vegetable consumption, received by 77.0% (95% CI: 76.4-77.6) of participants, followed
221 by advice to reduce fat intake (72.5%, 71.9-73.0), decrease salt consumption (71.0%, 70.4-71.6),
222 reduce sugar intake (71.3%, 70.7-71.9), consume less red meat and processed foods (67.0%, 66.4-
223 67.6), increase fish intake (69.0%, 68.3—-69.6), and increase whole grain bread and complex
224  carbohydrates (65.0%, 64.3-65.6). Among behavioral recommendations, advice to increase
225  physical activity was the most commonly delivered (72.3%, 71.7-72.9), followed by weight
226  loss/maintaining normal weight recommendation (69.1%, 68.5-67.0). Tobacco non-

227  initiation/cessation advice was the least commonly reported, received by 49.8% of participants
228  (49.2-50.5).
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Receiving 0 Lifestyle Recommendations Receiving 10 Lifestyle Recommendations

Prevalence (%) D 3-8% D 8-10% . 10-13% . 13-20% Prevalence D 21-28% D 28-32% . 32-36% . 36-56%

Figure 1. Weighted prevalence of individuals who received all ten recommendations and
those who received none by province.
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233 Table 2. Prevalence of Lifestyle Recommendations Received by Sociodemographic and Behavioral Characteristics.
tob. Dail, Reduci I i Losi Total Total Total Total
obacco Decreasi aty ecucing Reducing Red nereasing Whole Grain Reduci . - Reco ota ota ota
non- Fruit and Fat Fish Exerci weight/maintain Rec Rec Recomme
. s ng Salt . Meat and . Bread and ng . mmen . . .
Variable initiation/ce Vegetable | consumpti consumpti se ing normal . dation (1- dation (6- ndation
. Intake processed food Complex Carbs Sugar . dation
ssation S on on weight ) 5) 9) 10)
2981 70.99 76.99 72.46 68.95 7125 | 7228 10.65 2014 35.82
Total (49.15- (7039- | (7643 (71.87- "76(762'23)8' (68.34- 64'9665 (5?;‘533' (70.66- | (71.69- 69'0679(66;)'46' 1024- | (19.61- 35.19- (323377393 "
50.46) 71.59) 77.55) 73.04) : 69.56) : 71.85) | 72.87) : 11.06) |  20.67) 36.45) :
45.01 72.05 78.48 7479 70.48 7201 | 73.1 10.04 19.22 3375
Female (44.13- @125 | (7774 (74.02- 68'76;(5647)'89' (69.67- 66'5627(3655)'68' 72.13- | (7231 71"3752%))'85' ©51- | (1851- 373(733‘51)4' (3291-
- 45.89) 72.86) 79.21) 75.57) : 71.29) : 737 | 73.88) : 10.57) 19.92) : 34.58)
51.87 69.67 69.56 67.05 69.19 | 7126 11.41 2129 3437 32.94
Male (50.89- (68.77- (7473'91:476) (68.65- 642(;23)'94' (66.12- 63'0633(96;)'08' (6828 | (70.37- 65'8676(514)'94' 10.78- | (20.48- (33.44- (32.01-
52.85) 70.58) : 70.46) : 67.97) : 70.0) | 72.15 : 12.03) | 22.09) 35.3) 33.86)
4847 674 7627 69.07 67.03 68.17 | 7226 11.24 22.36 34.08 3232
;;;331 G| @ 6642- | (75.38- (68.11- 646'(5’ ‘0(1‘;3' (66.05- o1 '46‘; TSO)"Q' 672- | (71.32- 67'7638 (7616)'76' (10.58- | (21.49- (33.00- (1.35-
Y 49.51) 68.38) 77.15) 70.04) : 68.01) : 69.14) | 73.19) : 11.89) | 23.24) 35.06) 33.29)
Age | 4059 | 4835473 | J1%2 7681 397 68.74 (67.76- 69.93 67.08 (6608~ | 1301 | B30 gy 617005 | 104 18.67 3636 3458
o | e old o 7097- | (7591- (73.03- b00) (68.95- §5.08) (12.07- | (72.44- 158 ©75- | (17.84- (35.34- (33.58-
: 72.87) 77.71) 74.9) : 70.9) : 73.95) | 7433) : 11.04) 19.51) 3737) 35.57)
46,85 7591 78.65 75.92 7372 | 7028 10.04 18.73 38.06 3.7
=0 G| s (a68- | (77.47- (74.7- 69‘3730(66;'01' 70'77(26)9'4' 67‘5678 (9616)'23' (72.46- | (68.98- 67‘%79 (3616)'63' ©18 | (7.61- (36.68- (31.83-
years 0 48.27) 77.13) 79.83) 77.15) ’ ’ 74.97) | 71.58) ’ 10.89) 19.85) 39.45) 34.51)
51.02 74.92 80.67 74.98 7224 T3.04 | 7442 9.23 17.88 38.1
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235  Most lifestyle recommendations were delivered more frequently to female participants compared
236 to males, with the exception of tobacco non-initiation/cessation, which was more often
237  recommended to males (51.9% [95%CI: 50.9-52.9] among males vs. 45.0% [44.13-45.89] in
238  females). For most lifestyle recommendations, the sex-specific difference in delivery of lifestyle
239  recommendations were unremarkable, with prevalence in females generally ranging between 66%
240  and 75%, and in males between 63% and 71%, across nutritional and behavioral advice categories.

241 Participants living in rural areas received lifestyle recommendations more often than those in urban
242 settings, for advice on dietary improvement, physical activity, weight management, and non-
243 initiation/ cessation tobacco. The dietary recommendation delivery prevalence ranged from 66.8%
244 to 80.7% in rural areas, and from 64.4% to 75.8% in urban areas. On the other hand, the behavioral
245  recommendation prevalence ranged from 51.0% (tobacco non-initiation/cessation) to 74.4%
246  (exercise) in rural areas, and 47.1% (tobacco non-initiation/cessation) to 71.6% (exercise) in urban
247  areas. Other sociodemographic factors, such as age, marital status, education level, and
248  employment status—showed recommendation patterns similar to the overall sample, with no
249  major deviations in prevalence observed.

250 Distribution of Lifestyle Recommendations Across Behavioral Risk

251 Factors

252  Across BMI categories, several lifestyle recommendations were more frequently provided to
253  individuals with higher BMI, showing a consistent increase from the normal-weight group to the
254  overweight and obese groups. These included advice to reduce salt intake (from 68.4% [95% CI:
255  67.4-69.4] in the normal-weight group to 73.4% [72.2-74.5] in the obese group), lower fat
256  consumption (from 68.2% [67.2-69.2] to 76.0% [74.7-77.2]), decrease red and processed meat
257  intake (from 64.1% [63.1-65.1] to 69.8% [68.6-71.0]), increase fish consumption (from 66.9%
258  [65.9-67.9] to 70.3% [69.1-71.5]), increase whole grain intake (from 62.6% [61.6-63.6] to 67.1%
259  [65.8-68.3]), and reduce sugar intake (from 68.0% [67.0-69.0] to 74.3% [73.2-75.5)).
260 Recommendations to increase physical activity also followed this pattern (from 70.0% [69.0-71.0]
261 to 74.6% [73.4-75.6]). No statistically significant differences were observed between the
262  overweight and obese groups for these recommendations. However, a notable exception was the
263  recommendation to lose weight/maintain normal weight, which increased from 62.8% [61.7-63.8]
264  in the normal-weight group to 70.5% [69.5-71.5] in the overweight group and further to 76.3%
265  [75.1-77.4] in the obese group (Table 2).

266  Additionally, the only recommendation that was significantly more common among those with
267  insufficient physical activity was the advice to exercise (74.1%, 95% CI: 73.2-75.0).
268  Current smokers were significantly more advised to quit smoking (63.4%, 61.6-65.1), yet they
269  received other health recommendations less than those who had never smoked. Moreover, tobacco
270  non-initiation/cessation was generally less delivered to all subgroups compared to other
271 recommendations. In terms of alcohol use, current and past consumers of alcohol only received
272 the recommendation of non-initiation/cessation tobacco (54.0 [95%CI: 50.6-57.5] in current
273 consumers and 56.8% [53.0-61.0] in past consumers) more than those who never consumed
274 alcohol (47.6%, 46.9-48.2). Other recommendations were more often delivered to participants who
275  never consumed alcohol (Table 2).
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276 Distribution of Lifestyle Recommendations Across Comorbidity

277 Groups

278  When comparing the frequency of recommendation delivery across different comorbid groups,
279  certain patterns emerged. In general, the prevalence of receiving lifestyle recommendations
280 increased with the number of comorbidities, except for smoking non-initiation/cessation, which
281 showed an insignificant trend (Table 3). Overall, participants with diabetes, hypertension,
282  hypercholesterolemia, or CVD received almost all recommendations more frequently than
283  participants without these conditions, except for smoking non-initiation/cessation, which showed
284  no difference. Individuals with cancer were the most likely to receive recommendations to reduce
285  salt intake (81.5, 95%CI: 76.9-86.2), increase fruit and vegetable consumption (83.0,78.5-87.5),
286  and reduce fat intake (82.2, 77.6-86.8). Recommendations to reduce sugar consumption were given
287  most frequently to individuals with diabetes (82.19, 80.63- 83.75). In contrast, recommendations
288  to reduce red meat consumption, increase fish intake, engage in more physical activity, and lose
289  weight/maintain normal weight were distributed relatively evenly across different comorbid
290  groups.
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291  Table 3. Prevalence of Lifestyle Modification Recommendations by Chronic Disease Status in Adults
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46.85) : : : : 73.82) : : 76.54) 74.74) 8.68) 19.48) : :
48.02 70.58 7678 (762 | 72.07(7145- | 6667(66.03- | 573 | 6469(64.03- | 7098 (7036 7227 68.92 1079 3544 (34.78- | 3346 (32.82-
Cardi No | (4734 (69.96- 736 ) br30) (68.12- A Lo (71.66- (6828 | (1036- | 2032 (19.76- 36.09) 34.1)
aruizrvasc 48.71) 71.21) : : : 69.39) : : 72.89) 69.55) 11.21) 20.87) : :
Disease 48.69 76221 2991 (77.96- | 7748 (75.43- | 71126891~ | /131 68.5(6624- | 7474 (72.62- 7252 711 8.86 4089 (385- | 32.43(30.16-
Yes | (46.26- (74.16- 6156 205) ) (69.31- S096) o) (70.36- 689- | (748- | 17.82(15.95- 1358 347
51.12) 78.28) : : : 73.71) : : 74.69) 73.3) 10.24) 19.69) : :
48.11 70.93 76.96 (76.39- | 7232(71.72 | 66.85(6622- | o383 6482 (6418~ | 71177056~ | 122076 | S8 10.74 35.62 (34.97- | 3349 (32.85-
No | (47.44- (70.31- 77.53) 72.93) 67.49) (68.21- 65.47) 71.78) 72.81) (68281 (1032- 1 20.15(19.61- 36.26) 34.12)
COPD/ 48.79) 71.54) : : : 69.46) : : : 69.53) | 11.16) 20.7) : :
Asthma 46.97 72.44 77.62(75.01- | 7524 (72.54- | 7001 67.15- | 113 6755 (64.61- | 72.99 (70.21- 73.56 72.38 40.83 (37.76- | 30.52 (27.65-
Yes | (4385 (69.65- S009) o S8 (68.36- 048] AL (708- (6959- | 8.76(7- | 19.88(17.37- 139) 3339)
50.09) 75.23) : : : 74) : : 76.32) 7517) | 1053) 22.4) : :
47.94 70871 76927635 | 7233 (71.74- | 6688 (6626- | OSB! 6483 (642- | 71.19(70.59- 72.24 68.98 10.73 35.85(35.22- | 33.25(3263-
No | (7.8 (70.26- s 7203 6750) (68.2- 63,47 1599 (71.64- (6837- | (1031- | 2017 (19.64- 360.49) Py
Cancer 48.6) 7147) : : : 69.43) : : 72.83) 69.6) 11.14) 20.71) : ‘
38.18 81.52 1 g303(78.53- | 82.17(77.56- | 76077096 | 01 | 7407(6887- | 76.06(7091- 74.45 754 4.73 3525(29.54- | 4238 (36.45-
Yes | (52.26- (76.86- 53, S68) $110) (7431- To98) S0 (69.16- 7021- | @29- | 17.64(12.93- 2096) 4832)
64.1) 86.18) : : : 84.07) : : 79.75) 80.58) 7.18) 2234) : :
49.16 08.52 7582 (75.1- | 69.56 (68.79- | 65.09 (64.29- 67.3 6325 (62.44- | 68.93 (68.16- 711 67.07 1194 33.2(3241- | 33.82(33.03-
0 | 833 (6774 Y5 J053) 55 55 (66.51- ps 6971) (7035- (6628 | (114- | 21.04(2036- 3398 34.61)
50) 69.3) : : : 68.08) : : 71.87) 67.86) | 12.49) 21.73) : :
Comorbidit 4547 72.76 7775 (76.55- | 75.11(73.86- | 67.84(6649- | 017 65.57 (64.2- 7236 (71.08- 7272 70.45 9.52 384 (37.02- | 31.95 (30.62-
' 1| @405 (71.48- (68.85- (71.45- (69.14- | (8.68- | 20.13(18.97-
ies 500 o 78.95) 76.35) 69.18) o 66.93) 73.64) T390 e | lose o) 39.79) 33.27)
Zor | 4724 779 80.42 (79.14- | 7978 (7848 | 7296(71.52 | 3% | 70436896 | 78.41(77.09- 7595 a2 73 4249 (40.89- | 3339 (3187
mor | (45.63- (76.56- 81.71) $1.08) 74.4) (72.07- 71.9) 79.74) (74.57- (73.31- (6:47- 16.82 (15.61- 44.08) 34.91)
e 48.85) 79.24) : : : 74.91) : : 77.33) 76.12) 8.13) 15.04) : :
292  Data are presented as weighted percentages with 95% confidence intervals.
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Association of Lifestyle Recommendations with Behavior Qutcomes
Except for the recommendation to reduce salt intake, the delivery of lifestyle recommendations
was associated with positive behavioral status (Table 4). Among current tobacco users, those who
received tobacco cessation recommendation were 1.83 times (95% CI: 1.49-2.24) more likely to
attempt quitting tobacco. Similarly, receiving recommendations related to physical activity and
weight loss was associated with more favorable behavioral outcomes. Individuals who received
recommendations to exercise and to lose weight/maintain normal weight were 1.21 times (1.13-
1.29) and 1.15 times (1.07-1.22) more likely to engage in sufficient levels of physical activity,
respectively. Participants who received 3-5 nutritional recommendations were 1.12 (1.04-1.21)
times more likely to have a better nutritional score compared to those who received 0-2
recommendations. Those who received all six nutritional recommendations had 1.32 times higher
odds (1.24-1.41) of having a better nutritional score.
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Table 4. Associations Between Lifestyle Recommendations and Behavioral or Health Outcomes.

Exposure Crude OR Model IT € Model IIT ¥
Outcome P . Category o P value OR (95% P value OR (95% P value
(Recommendation) (95% CI) o CI
Tobacco quit No Ref
attempt Cessation Tobacco
(among current recommendation Yes 1.81(1.52- <0.0001 1.83(L.54- <0.0001 1.83(1.49- <0.0001
2.16) 2.19) 2.24)
users)
Exercise No Ref
Appropriate recommendation Yes ! ?% '71)3- <0.0001 ! '211 (219)1 4 <0.0001 ! '211 (219)1 h <0.0001
hvsical . . .
I; cﬁ;ﬁ; Weight loss/ maintaining No Ref
normal weight 1.08(1.02- 1.14(1.07- 1.15(1.07-
recommendation Yes 1.15) 0.008 1.21) <0.0001 1.22) <0.0001
. . No Ref
Below-median Salt reduction
salt use recommendation Yes 0914%03)8 6- 0.189 0'95 5)(2)8 6- 0.284 O'9K E)()Sf %- 0.441
Low (0-2) Ref
Better nutrition Nutrition Medl;lm G- 1'1;‘ 52'07’ 0.0001 L.t f’ 2(1'06’ 0.0003 1'112 51'04’ 0.003
score (ordinal) | recommendation count ) T2 1‘ a )32 7 39‘ a )3 7 7 32' a )24
High (6) 1.50) <0.0001 1.48) <0.0001 1.41) <0.0001

€ Model II adjusts for age and sex.

¥ Model III adjusts for a set of covariates selected through backward stepwise selection with a p-value threshold of 0.2, specific to

each outcome:

Tobacco quit attempt (among current users): adjusted for age, sex, residential area, employment status, wealth index, hypertension,
cardiovascular disease (CVD), COPD/asthma, BMI, and physical activity.

Appropriate physical activity (with exercise recommendation): adjusted for age, sex, residential area, marital status, employment
status, insurance, diabetes, hypertension, hypercholesterolemia, CVD, cancer, BMI, tobacco use, and alcohol use.

Appropriate physical activity (with weight loss recommendation): adjusted for age, sex, residential area, years of schooling,
employment status, wealth index, insurance, diabetes, hypertension, hypercholesterolemia, CVD, BMI, tobacco use, and alcohol use.
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Below-median salt use: adjusted for age, sex, residential area, marital status, years of schooling, employment status, wealth index,
hypertension, CVD, BMI, physical activity, and tobacco use.

Better nutrition score (ordinal: poor > moderate > good): adjusted for age, sex, marital status, years of schooling, employment
status, wealth index, health insurance, diabetes, hypercholesterolemia, CVD, COPD/asthma, BMI, and physical activity.

Ordinal logistic regression was used for ordinal outcome (nutrition score), assuming proportional odds.
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321 Discussion
322

323 This study showed disparities in the delivery of lifestyle recommendations across
324  sociodemographic groups, comorbidity, and health behavior status. Our results demonstrated that
325 the more comorbidities an individual owns, the prevalence of lifestyle recommendation received
326  escalated. The lifestyle recommendations delivered were shown to be associated with favorable
327  behavioral outcomes. Notably, a dose-response relationship was observed between the number of
328  nutritional recommendations received and improvements in dietary quality. Those individuals
329  receiving all nutritional recommendations were 1.32 times likely to score better at nutrition
330 scoring. Our analysis also presented a geographic variation in recommendation delivery, with the
331  lowest coverage in eastern provinces and the highest in the northwest provinces of Iran.

332 In our study, lifestyle recommendations were generally provided more often to females than to
333  males, with the exception of tobacco non-initiation/cessation advice, which was more frequently
334  delivered to men. Pregnancy is a period during which women commonly receive lifestyle
335 counseling, given the well-established effects of lifestyle risk factors on pregnancy
336  outcomes[20,21], and the growing emphasis on promoting healthy behaviors during this life
337  stage[22,23]. women tend to be more proactive in seeking healthcare and discussing health
338  concerns, resulting in greater exposure to preventive advice. Studies show that female patients
339  report more physical symptoms and illness behavior[24]. utilize primary care services more often
340 for preventive and diagnostic purposes, and consult providers more frequently for both physical
341  and mental health concerns[25,26] This greater engagement likely increases their opportunities to
342  receive lifestyle recommendations.

343  Moreover, our observation that individuals with multiple comorbidities receive more health advice
344  may be attributed to the increased frequency of healthcare visits among patients with multiple
345  chronic conditions, providing more opportunities for counseling interactions. A 2020 study
346  conducted across six middle-income countries found that individuals with multiple chronic
347  conditions are more likely to have their health issues accurately identified; however, this does not
348  necessarily lead to improved disease management or control. [27]

349  Our findings reinforce the role of healthcare providers in promoting healthy behaviors. Consistent
350 with global evidence, lifestyle counseling in our study was associated with measurable behavioral
351  gains. Participants who received weight-control or physical-activity advice were more likely to
352 engage in sufficient activity (aOR 1.15 [1.07-1.22] and 1.21 [1.13-1.29], respectively), and
353  smokers counseled to quit were almost twice as likely to attempt cessation (aOR 1.83 [1.49-2.24]).
354 A graded relationship was also observed between the number of nutritional recommendations
355 received and dietary quality (aOR 1.32 [1.24-1.41] for 6 vs < 2 recommendations), echoing the
356  dose-response patterns reported by Patnode et al. (2017) in their JAMA systematic review of
357  behavioral counseling. Quantitatively, our effect sizes are modest but directionally consistent with
358  U.S.NHANES analyses: Williams et al. (2021)[28] found that adults with hypertension or diabetes
359  who received lifestyle advice had higher odds of losing weight (aOR 1.93 [1.51-2.48]), increasing
360 physical activity (2.02 [1.73-2.37]), and improving diet (e.g., reducing sodium 4.95 [3.93-6.25]).
361  Similarly, Davis-Ajami et al. (2021)[29] reported that prediabetic adults advised by providers were
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362  more likely to increase exercise (1.63 [1.12-2.38]) and modify diet (3.00 [1.82-4.96]). Although
363  our population-level odds ratios are smaller, likely reflecting self-reported advice recall and single-
364  time-point measurement, the consistency of direction supports the behavioral relevance of provider
365  counseling. Moreover, causal evidence from an Iranian randomized trial implementing the WHO-
366 PEN 5As model (Amini et al. 2023)[30] demonstrated significant improvements in nutrition and
367 activity behaviors (P < 0.001) and reductions in BMI (P < 0.001), corroborating that structured,
368  skill-based counseling can translate the associations observed in our cross-sectional data into
369  meaningful health outcomes.

370  The effectiveness of lifestyle counseling depends not only on its frequency but also on how well
371 it is targeted to individuals’ specific risk profiles. Evidence from clinical and population studies
372  indicates that counseling yields greater benefits when directed toward higher-risk groups. For
373  instance, the U.S. Preventive Services Task Force recommends individualized decisions about
374 lifestyle counseling for adults without cardiovascular risk factors because benefits are modest in
375 low-risk populations, whereas stronger evidence supports counseling for adults with obesity or
376  cardiometabolic risk factors.[31-33] Likewise, risk-factor-targeted programs such as the Finnish
377  post-stroke counseling model[34] and the Canadian SeeKD initiative for chronic-kidney-disease
378 prevention show that individualized goal-oriented counseling can improve adherence, weight
379  control, and smoking cessation among at-risk adults.[35]

380 Our findings are consistent with this pattern. Participants who received behavior-specific
381 recommendations were more likely to report healthier behaviors (table 4), for example, current
382  tobacco users advised to quit were almost twice as likely to attempt cessation (aOR 1.83, 95% CI:
383  1.49-2.24), and those counseled on weight control or physical activity had greater odds of meeting
384  activity guidelines. Several other results in our study also reflected appropriate risk-based
385 targeting. Across BMI categories, lifestyle recommendations such as reducing fat, sugar, and salt
386 intake and increasing physical activity were more frequently provided to individuals with higher
387 BMI, showing a consistent increase from normal weight to overweight and obese groups.
388  Likewise, participants with a greater number of comorbidities were more likely to receive most
389 types of lifestyle advice, and those with diabetes, hypertension, hypercholesterolemia, or
390 cardiovascular disease were counseled more often than their healthier counterparts. These trends
391  suggest that healthcare providers partially tailor preventive counseling to individuals’ clinical risk
392  profiles, particularly for obesity and chronic metabolic conditions. However, our findings also
393 revealed important deviations from this ideal pattern. For instance, tobacco counseling remained
394 the least frequently delivered recommendation across all sociodemographic and clinical groups,
395 even among those with multiple comorbidities or higher behavioral risk. Moreover, current
396  smokers and alcohol consumers, despite being high-risk groups, received fewer other lifestyle
397 recommendations. Similarly, while individuals with insufficient physical activity were more likely
398  to be advised to exercise (74.1%, 95% CI: 73.2-75.0), they did not receive other types of lifestyle
399 counseling more frequently, despite being at elevated overall risk. This selective emphasis
400 indicates missed opportunities to reinforce broader preventive behaviors among high-risk
401  individuals. Strengthening the quality and precision of targeting—so that counseling consistently
402  reflects each patient’s risk profile—could substantially enhance the overall effectiveness of
403  preventive care.
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404  When comparing the provincial distribution of lifestyle counseling in this study with the spatial
405  distribution of NCD risk factors and mortality reported by Farzadfar et al.[36] (2024), clear
406  mismatches emerge. When comparing provincial counseling coverage with the quantitative
407  distribution of risk factors reported by Farzadfar et al. (2024), provinces such as Sistan-
408  Baluchestan (salt = 9.2 g/day, obesity = 48 % women), Hormozgan (obesity = 51 %, diabetes = 10
409 %), and Khuzestan (hypertension ~ 40 %, diabetes = 11 %), which represent some of the highest
410  metabolic risk levels in the country, had the lowest proportions of adults receiving all ten lifestyle
411  recommendations (< 30 %). In contrast, north-western provinces (Kurdistan, Azerbaijan, Ardabil),
412 where smoking exceeds 40 % in men and hypertension > 40 %, demonstrated the highest
413  counseling coverage (> 45 %), suggesting regional inequities in preventive service distribution.

414  The observed regional disparities in lifestyle counseling suggest a substantial unmet need for
415  preventive advice. Such inequities reflect persistent gaps in the capacity and distribution of the
416  preventive health workforce across Iran’s provinces. Evidence indicates that primary care
417  physicians in rural and underserved areas often face limited training opportunities in behavioral
418  counseling, as well as time and resource constraints.[37,38] Strengthening capacity building for
419  health personnel—especially among physicians deployed under Iran’s mandatory rural service
420 program—could therefore be a strategic priority. The use of virtual and blended e-learning
421  platforms has proven effective in improving provider competencies, and can be implemented for
422  lifestyle and NCD counseling in primary care settings. Integrating such digital training modules
423  into existing programs like IraPEN and aligning them with WHO’s Package of Essential
424  Noncommunicable Disease Interventions (PEN)[39] could enhance the reach and consistency of
425  lifestyle counseling across provinces. Building a standardized, continuing education framework
426  for preventive counseling within Iran’s PHC network would ensure that all healthcare providers,
427  particularly those entering high-turnover rural posts, receive the skills, tools, and support needed
428  to address patients’ behavioral risks effectively. This approach would help reduce unmet need for
429 lifestyle advice and strengthen progress toward equitable, risk-based NCD prevention nationwide.

430 A major strength of this study is the use of a large, nationally and subnationally representative
431  dataset, allowing for generalizability of findings across Iran. The comprehensive assessment of
432  various lifestyle recommendations and their associations with both behavior and
433  sociodemographic factors provides understanding of preventive care delivery. Moreover, the
434 application of multivariable regression models helps control for potential confounding factors.

435  However, this study also has limitations. The cross-sectional design limits causal inference, as
436  temporality between receiving recommendations and behavior change cannot be established.
437  Additionally, all behavioral data were self-reported, which may be subject to recall or social
438  desirability bias. Finally, the study does not capture the quality or content of lifestyle
439  recommendations, nor the context in which they were delivered, factors that could significantly
440 influence their effectiveness.

441
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202  Conclusion

443  This study provides nationally representative evidence on the delivery and effectiveness of
444 lifestyle recommendations by healthcare providers in Iran, revealing both strengths and gaps in the
445  current system of preventive care. Our findings demonstrate that lifestyle advice—particularly
446  regarding diet, physical activity, and weight management—is positively associated with healthier
447  behaviors, with a notable dose-response relationship between the number of nutritional
448  recommendations and diet quality. The pattern of increased advice among individuals with
449  multiple comorbidities suggests a risk-based approach by providers, yet gaps remain—especially
450 in the under-delivery of tobacco non-initiation/cessation counseling to high-risk individuals.
451  Geographic disparities further highlight the unequal reach of health education and intervention
452  across provinces. These insights underscore the critical role of Iran’s healthcare system in
453  addressing the burden of NCDs and support the integration of structured, evidence-based lifestyle
454  counseling into routine care. Strengthening provider training, ensuring consistency in
455  recommendation delivery, and tailoring strategies to underserved regions will be essential for
456  advancing the country’s national NCD prevention goals and improving long-term health outcomes.
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