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avtorTa sayuradRebod!

redaqciaSi statiis warmodgenisas saWiroa davicvaT Semdegi wesebi:

 1. statia unda warmoadginoT 2 calad,  rusul an inglisur enebze, dabeWdili 
standartuli furclis 1 gverdze,  3 sm siganis marcxena velisa da striqonebs 
Soris 1,5 intervalis dacviT. gamoyenebuli kompiuteruli Srifti rusul da ing-
lisurenovan teqstebSi - Times New Roman (Кириллица), xolo qarTulenovan teqstSi 
saWiroa gamoviyenoT AcadNusx. Sriftis zoma – 12. statias Tan unda axldes CD 
statiiT. 
 2. statiis moculoba ar unda Seadgendes 10 gverdze naklebs da 20 gverdze mets 
literaturis siis da reziumeebis (inglisur, rusul da qarTul enebze) CaTvliT.
 3. statiaSi saWiroa gaSuqdes: sakiTxis aqtualoba; kvlevis mizani; sakvlevi 
masala da gamoyenebuli meTodebi; miRebuli Sedegebi da maTi gansja. eqsperimen-
tuli xasiaTis statiebis warmodgenisas avtorebma unda miuTiTon saeqsperimento 
cxovelebis saxeoba da raodenoba; gautkivarebisa da daZinebis meTodebi (mwvave 
cdebis pirobebSi).
 4. statias Tan unda axldes reziume inglisur, rusul da qarTul enebze 
aranakleb naxevari gverdis moculobisa (saTauris, avtorebis, dawesebulebis 
miTiTebiT da unda Seicavdes Semdeg ganyofilebebs: mizani, masala da meTodebi, 
Sedegebi da daskvnebi; teqstualuri nawili ar unda iyos 15 striqonze naklebi) 
da sakvanZo sityvebis CamonaTvali (key words).
 5. cxrilebi saWiroa warmoadginoT nabeWdi saxiT. yvela cifruli, Sema-
jamebeli da procentuli monacemebi unda Seesabamebodes teqstSi moyvanils. 
 6. fotosuraTebi unda iyos kontrastuli; suraTebi, naxazebi, diagramebi 
- dasaTaurebuli, danomrili da saTanado adgilas Casmuli. rentgenogramebis 
fotoaslebi warmoadgineT pozitiuri gamosaxulebiT tiff formatSi. mikrofoto-
suraTebis warwerebSi saWiroa miuTiToT okularis an obieqtivis saSualebiT 
gadidebis xarisxi, anaTalebis SeRebvis an impregnaciis meTodi da aRniSnoT su-
raTis zeda da qveda nawilebi.
 7. samamulo avtorebis gvarebi statiaSi aRiniSneba inicialebis TandarTviT, 
ucxourisa – ucxouri transkripciiT.
 8. statias Tan unda axldes avtoris mier gamoyenebuli samamulo da ucxo-
uri Sromebis bibliografiuli sia (bolo 5-8 wlis siRrmiT). anbanuri wyobiT 
warmodgenil bibliografiul siaSi miuTiTeT jer samamulo, Semdeg ucxoeli 
avtorebi (gvari, inicialebi, statiis saTauri, Jurnalis dasaxeleba, gamocemis 
adgili, weli, Jurnalis #, pirveli da bolo gverdebi). monografiis SemTxvevaSi 
miuTiTeT gamocemis weli, adgili da gverdebis saerTo raodenoba. teqstSi 
kvadratul fCxilebSi unda miuTiToT avtoris Sesabamisi N literaturis siis 
mixedviT. mizanSewonilia, rom citirebuli wyaroebis umetesi nawili iyos 5-6 
wlis siRrmis.
 9. statias Tan unda axldes: a) dawesebulebis an samecniero xelmZRvane-
lis wardgineba, damowmebuli xelmoweriTa da beWdiT; b) dargis specialistis 
damowmebuli recenzia, romelSic miTiTebuli iqneba sakiTxis aqtualoba, masalis 
sakmaoba, meTodis sandooba, Sedegebis samecniero-praqtikuli mniSvneloba.
 10. statiis bolos saWiroa yvela avtoris xelmowera, romelTa raodenoba 
ar unda aRematebodes 5-s.
 11. redaqcia itovebs uflebas Seasworos statia. teqstze muSaoba da Se-
jereba xdeba saavtoro originalis mixedviT.
 12. dauSvebelia redaqciaSi iseTi statiis wardgena, romelic dasabeWdad 
wardgenili iyo sxva redaqciaSi an gamoqveynebuli iyo sxva gamocemebSi.

aRniSnuli wesebis darRvevis SemTxvevaSi statiebi ar ganixileba.
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Abstract.
Background: Cardiometabolic disorders, including diabetes 

mellitus, hypertension, dyslipidemia, and obesity, represent a 
significant global health burden. While lifestyle interventions 
are recommended, evidence from real-world clinical settings in 
Saudi Arabia remains limited.

Objective: To evaluate the association between participation in 
a comprehensive lifestyle clinic intervention on cardiometabolic 
risk factors among adult patients in Saudi Arabia over a six-
month period.

Methods: This retrospective cohort study analyzed data 
from 281 participants enrolled at the Lifestyle Clinic of King 
Abdulaziz Medical City, Jeddah. Participants were categorized 
into metabolic (n=137) and smoking cessation (n=144) cohorts. 
Longitudinal changes in BMI, systolic blood pressure, HbA1c, 
and total cholesterol were assessed at baseline, 3 months, and 6 
months using linear mixed-effects models. Smoking cessation 
outcomes were evaluated using generalized estimating 
equations.

Results: At 6 months, participants demonstrated significant 
reductions in BMI (−0.92 kg/m², 95% CI −1.79 to −0.05; 
p=0.036) and total cholesterol (−0.25 mmol/L, 95% CI −0.48 
to −0.03; p=0.022) in adjusted analyses. Among active smokers 
at baseline, 24.1% had quit smoking at 6 months. No significant 
changes were observed in systolic blood pressure or HbA1c 
levels.

Conclusion: Participation in a structured lifestyle clinic 
program was associated with improvements in BMI and lipid 
profile among Saudi adults with cardiometabolic risk factors 
over 6 months. These findings support the potential role of 
comprehensive lifestyle programs in routine clinical practice 
to address the growing burden of metabolic diseases in Saudi 
Arabia.

Key words. Behavioral intervention, cardiovascular 
prevention, health promotion, obesity management, preventive 
medicine, primary care.
Introduction.

Cardiometabolic disorders including obesity, hypertension, 
dyslipidemia, and type 2 diabetes, frequently coexist as part of 
metabolic syndrome and constitute a significant global health 
burden [1]. These interrelated conditions are responsible for 
a substantial proportion of mortality worldwide and incur 
considerable healthcare costs, with diabetes alone accounting 
for approximately 11% of global healthcare expenditure [2-

4]. Several modifiable lifestyle factors play a central role in 
the development and progression of cardiometabolic diseases. 
[5,6]. Unhealthy lifestyle behaviors such as poor diet, physical 
inactivity, and tobacco use account for a large proportion of this 
burden. In 2021 alone, dietary risks contributed to an estimated 
6.6 million cardiovascular deaths globally [7]. Consequently, 
international guidelines emphasize lifestyle modification as 
first-line therapy for preventing and managing cardiometabolic 
conditions [8,9]. Comprehensive lifestyle interventions 
typically include dietary modification, regular physical activity, 
behavioral counseling, and smoking cessation. Evidence from 
large international studies has demonstrated that structured 
lifestyle programs can lead to meaningful improvements 
in cardiometabolic risk factors such as body weight, blood 
pressure, and glycemic control. Moreover, such interventions 
have been shown to reduce the incidence of type 2 diabetes by 
approximately 50-60% among high-risk individuals [10,11]. 
Despite this, such interventions are underutilized, necessitating 
more aggressive implementation to mitigate the escalating 
epidemic of metabolic syndrome [12,13].

In Saudi Arabia, rapid urbanization and lifestyle transitions, 
characterized by sedentary behavior and high-calorie diets, have 
contributed to increasing prevalence rates of obesity, diabetes, 
and associated risk factors [2]. Current estimates indicate 
that the prevalence of type 2 diabetes among patients with 
established cardiovascular diseases in Saudi Arabia ranges from 
51.4% to 72.8% of highlighting a concerning burden within 
the region [14]. Saudi Arabia also has one of the highest rates 
of obesity and metabolic syndrome globally [15]. Over 60% 
of adults are overweight or obese, and 69% are insufficiently 
active [16]. A lifestyle survey conducted in the Makkah region 
by Alsulami et al. reported an obesity prevalence of 23% and an 
additional 33% classified as overweight, with clear associations 
between unhealthy lifestyle behaviors and increased adiposity 
[17]. Although lifestyle interventions are widely recommended 
for the prevention and management of cardiometabolic 
diseases, evidence from intervention studies conducted in 
Saudi Arabia remains limited. However, available studies have 
reported promising results. Al-Hamdan et al. evaluated a six-
month lifestyle intervention program among Saudi women 
with prediabetes and found significant reductions in glycated 
hemoglobin across all intervention groups. Participants 
who received in-person lifestyle counseling showed greater 
improvements in weight and lipid profiles than those who 
participated in remote interventions [18].
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While global evidence supports lifestyle modification, local 
Saudi data remain sparse, especially from real-world clinical 
settings. Most studies are short-term, small-scale, or targeted 
to specific groups, including women and individuals with 
prediabetes. This study addresses a critical gap by evaluating the 
association between participation in a comprehensive lifestyle 
clinic intervention on cardiometabolic risk factors among adult 
patients in Saudi Arabia, aiming to inform scalable, evidence-
based interventions.
Materials and Methods.
Study design:

This retrospective cohort study was conducted at the Lifestyle 
Clinic of King Abdulaziz Medical City, Jeddah, Saudi Arabia. 
The study evaluated the effectiveness of structured lifestyle 
interventions on cardiometabolic risk factors through review 
and analysis of electronic medical records. Participants were 
followed longitudinally with repeated clinical and laboratory 
assessments at baseline, 3 months, and 6 months.
Study Population:

The study population comprised adult patients (≥18 years) 
who were enrolled in the lifestyle modification program and had 
at least one documented follow-up visit within six months of 
enrollment. Patients were managed either for cardiometabolic 
risk reduction (metabolic cohort) or for structured smoking 
cessation (smoking cohort).

Inclusion criteria for the metabolic cohort included documented 
cardiometabolic risk factors such as hypertension, dyslipidemia, 
impaired glucose tolerance, obesity (BMI ≥30 kg/m²), or 
established type 2 diabetes mellitus. The smoking cessation 
cohort consisted of patients enrolled specifically for behavioral 
and medical smoking cessation support. Patients with severe 
cardiovascular disease requiring advanced management, active 
malignancy, pregnancy, or incomplete baseline medical records 
were excluded.

The initial dataset included 342 patients. Prior to analysis, data 
were cleaned and screened for completeness. Prior to analysis, 
the dataset underwent data cleaning and eligibility assessment. 
Records with insufficient longitudinal data, excessive missing 
repeated measurements, or non-analyzable cohort-specific 
outcome data were excluded. To maximize retention in 
longitudinal analyses, participants with partially incomplete 
baseline measurements but available repeated follow-up 
observations were retained when sufficient data were available 
for mixed-effects modeling. The final analytic sample included 
281 participants, comprising 137 individuals in the metabolic 
cohort and 144 in the smoking cessation cohort.

Sample size estimation was performed using G*Power 
software, assuming an effect size of 0.3, alpha of 0.05, and 
statistical power of 0.80, yielding a required minimum sample 
size of 278 participants. Consecutive sampling of eligible 
patients was performed retrospectively until the available dataset 
met this requirement. Although the overall analytic sample met 
the prespecified sample size requirement, subsequent division 
into metabolic and smoking cessation cohorts may have reduced 
statistical power for certain subgroup and secondary analyses, 
particularly analyses based on complete-case follow-up data.

Lifestyle interventions.
The Lifestyle Clinic delivered routine, multidisciplinary care 

guided by established principles of lifestyle medicine. Clinical 
management was primarily informed by the six core pillars 
described by the American College of Lifestyle Medicine, 
which include a healthy dietary pattern, regular physical 
activity, restorative sleep, stress management, avoidance of 
risky substances, and positive social connections [19]. These 
domains provided a general framework for patient counseling 
and follow-up within the clinic.

Interventions were individualized according to patient needs 
and clinical indications rather than following a standardized 
research protocol. Patients in the metabolic cohort received 
counseling focused on improving dietary habits, increasing 
physical activity, and addressing modifiable cardiometabolic 
risk factors. Patients in the smoking cessation cohort received 
behavioral support aimed at reducing and quitting tobacco use. 
The type of intervention and number of sessions attended were 
recorded as part of routine clinical documentation. All care was 
delivered as part of usual clinical practice, and follow-up visits 
were scheduled according to clinical need, typically at baseline, 
3 months, and 6 months. Participants continued routine 
pharmacological management prescribed by their primary 
treating clinics throughout follow-up. The Lifestyle Clinic 
itself did not modify chronic disease medications; however, 
medication changes initiated by external clinics during the 
study period could not be reliably extracted from the medical 
records and therefore could not be adjusted for analytically. 
Intervention intensity varied according to individual clinical 
needs and patient engagement. The median number of attended 
sessions was 3 (interquartile range [IQR]: 1–6), while the 
median number of scheduled sessions was 6 (IQR: 3–9). 
Data Collection.

Data were extracted from electronic medical records using a 
standardized data abstraction form. Variables collected included 
demographic characteristics (age and gender), anthropometric 
measurements (height, weight, BMI, and waist circumference), 
clinical parameters (systolic and diastolic blood pressure), and 
laboratory values (HbA1c and lipid profile). 
Statistical Analysis.

All statistical analyses were performed using R (R Foundation 
for Statistical Computing, Vienna, Austria). The original dataset 
comprised 342 participants. After data cleaning and eligibility 
assessment, records with insufficient longitudinal data, 
excessive missing repeated measurements, or non-analyzable 
cohort-specific outcome data were excluded, yielding a final 
analytic sample of 281 participants. Participants with partially 
incomplete baseline measurements but available repeated 
follow-up observations were retained when sufficient data were 
available for mixed-effects modeling. Continuous variables 
were summarized as mean ± standard deviation (SD), and 
categorical variables as frequencies and percentages. Baseline 
characteristics were described separately for the metabolic 
and smoking cohorts. The number and proportion of observed 
measurements at each timepoint were reported.

Longitudinal changes in metabolic outcomes (BMI, systolic 
blood pressure, HbA1c, and total cholesterol) were evaluated 
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using linear mixed-effects models with random intercepts to 
account for within-subject correlation. Timepoint (baseline, 3 
months, and 6 months) was modeled as a categorical fixed effect 
with baseline as the reference. Overall time effects were assessed 
using Type III tests, and pairwise comparisons with baseline 
were conducted using Dunnett-adjusted contrasts. Prespecified 
adjusted models included age, gender, and diabetes status as 
covariates. For the smoking cessation cohort, participants who 
had quit at baseline were excluded from longitudinal modeling. 
Smoking status at follow-up was dichotomized as quit versus 
not quit. Changes between 3 and 6 months were analyzed using 
generalized estimating equations with a binomial distribution 
and exchangeable correlation structure, and results were 
reported as odds ratios (ORs) with 95% confidence intervals. 
Exploratory multivariable linear regression analyses were 
additionally performed within the metabolic cohort to evaluate 
whether intervention engagement intensity, measured by the 
number of attended sessions, was associated with 6-month 
changes in BMI, HbA1c, systolic blood pressure, and total 
cholesterol after adjustment for demographic and baseline 
clinical covariates.

Sensitivity analyses included complete-case linear mixed-
effects models and logistic regression models evaluating 
baseline predictors of missingness at 6 months. Statistical 
significance was defined as a two-sided p-value <0.05.
Ethical Considerations.

The study protocol was approved by the Institutional Review 
Board of King Abdullah International Medical Research Center 
(KAIMRC). Given the retrospective nature of the study and 
use of de-identified data, the requirement for informed consent 
was waived. Patient confidentiality was maintained through 
removal of identifiable information and use of coded identifiers. 
The study was conducted in accordance with the Declaration of 
Helsinki and institutional research ethics guidelines.
Results.

A total of 342 records were initially assessed for eligibility. 
Following data cleaning and eligibility assessment, 61 records 
were excluded because of insufficient longitudinal data, 
excessive missing repeated measurements, or non-analyzable 
cohort-specific outcome data, yielding a final analytic sample of 
281 participants. The participant selection process, exclusions, 
cohort allocation, and follow-up retention are summarized in 
(Figure 1). A total of 281 participants were included in the 
analysis. The study population comprised two distinct cohorts 
derived from a lifestyle clinic program. The metabolic cohort 
(n=137) included patients enrolled for management of metabolic 
conditions, including weight management, pre-diabetes, 
dyslipidemia, uncontrolled diabetes mellitus, and hypertension. 
The smoking cessation cohort (n=144) consisted of patients 
enrolled specifically for structured smoking cessation support. 
Participants in both cohorts underwent repeated assessments at 
baseline, 3 months, and 6 months, and analyses were conducted 
separately for each cohort according to predefined outcomes.

The overall mean age of participants was 47.9 years (SD 
14.4), with metabolic participants being slightly older than 
smoking participants (49.2 [15.3] vs 46.7 [13.4] years). Females 
constituted 31.3% of the total sample, with a markedly higher 

proportion in the metabolic cohort compared with the smoking 
cohort. The prevalence of diabetes was 39.5% overall. At 
baseline, the mean BMI was 31.7 kg/m² (SD 6.9), mean systolic 
blood pressure was 125.6 mmHg (SD 13.4), mean HbA1c was 
6.3% (SD 1.5), and mean total cholesterol was 4.9 mmol/L (SD 
1.2). Baseline metabolic parameters were generally higher in 
the metabolic cohort compared with the smoking cohort (Table 
1).

Longitudinal changes in metabolic outcomes were evaluated 
using linear mixed-effects models. BMI decreased significantly 
at 6 months compared with baseline in unadjusted analyses 
(−1.01 kg/m²; p=0.020), with a significant overall time effect 
(p=0.034). After adjustment for age, gender, and diabetes status, 
the reduction at 6 months remained statistically significant 
(−0.92 kg/m², 95% CI −1.79 to −0.05; p=0.036), although 
the overall time effect became borderline (p=0.058). Total 
cholesterol also decreased significantly at 6 months in both 
unadjusted and adjusted models. In the adjusted analysis, total 
cholesterol decreased by 0.26 mmol/L (95% CI −0.48 to −0.03; 
p=0.022), with a significant overall time effect (p=0.026). No 
significant longitudinal changes were observed for systolic 
blood pressure. HbA1c showed a modest decline over time, 
with a non-significant trend toward reduction after adjustment 
(overall p=0.054). Detailed longitudinal model estimates are 
presented in Table 2. The percentage change from baseline 
across follow-up timepoints illustrates a progressive reduction 
in BMI and total cholesterol, while systolic blood pressure 
remained relatively stable and HbA1c demonstrated only minor 
variation over time (Figure 2).

Among participants who were active smokers at baseline 
(n=118), 22.0% had quit smoking at 3 months and 24.1% at 
6 months. The proportion reporting no change in smoking 
status decreased from 100% at baseline to 35.2% at 3 months 
and 49.4% at 6 months, while the proportion reporting reduced 
smoking was 42.9% at 3 months and 26.6% at 6 months. In 
a generalized estimating equation model comparing 6 months 
with 3 months, the odds of quitting were not significantly 
different (OR 1.24, 95% CI 0.81–1.90; p=0.314) (Table 3).

Sensitivity analyses were conducted to evaluate the impact of 
missing data. In complete-case analyses including participants 
with measurements at all three timepoints, the reduction in 
BMI at 6 months remained statistically significant (p=0.032). 
Logistic regression models examining predictors of missingness 
at 6 months demonstrated that younger age was associated with 
a higher likelihood of missing data, whereas baseline BMI and 
baseline total cholesterol were not associated with missingness. 
These findings support the assumption of missing at random 
and suggest that the primary longitudinal results are robust to 
incomplete follow-up.

Exploratory multivariable regression analyses were performed 
within the metabolic cohort to evaluate whether intervention 
engagement intensity, measured by the number of attended 
sessions, was associated with 6-month changes in metabolic 
outcomes. After adjustment for age, gender, diabetes status, 
and baseline outcome values, the number of attended sessions 
was not independently associated with changes in BMI, HbA1c, 
systolic blood pressure, or total cholesterol. Higher baseline 
BMI, baseline HbA1c, baseline systolic blood pressure, and 
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Figure 1. STROBE-style flow diagram illustrating participant inclusion, exclusions, cohort allocation, and follow-up retention throughout the 
study.

Figure 2. Illustration of percentage change from baseline in metabolic outcomes over 6 months in the metabolic cohort.
BMI is expressed in kg/m², systolic blood pressure in mmHg, HbA1c in percent (%), and total cholesterol in mmol/L.
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baseline total cholesterol were independently associated with 
greater subsequent reductions in their respective outcomes.
Discussion.

Participation in the lifestyle clinic program was associated 
with improvements in BMI and total cholesterol levels at 
6-month follow-up. Similarly, 24.1% had quit smoking during 
this period. However, no significant impact was seen in the 
levels of systolic blood pressure and HbA1c. The findings of the 
present study align with previous studies which have shown that 
lifestyle interventions have positive impact on cardiometabolic 
risk factors [20,21]. 

In the present study, average BMI reduction was 1 kg/m2 after 6 
months. Similarly, a large randomized trial of digital behavioral 
interventions in emerging adults (mean baseline BMI 33.5) 
reported mean 6-month weight loss of 3-3.5 kg [22]. In their 
study, all intervention arms produced weight losses exceeding 
3% of body weight. They further reported that 40-44% of 
participants achieved ≥5% weight loss across groups. Similar to 
present study, they also did not observe significant reductions in 
blood pressure [22]. A newly-published randomized controlled 

trial showed that a behavioral nutrition program led to over 
3% average weight loss and corresponding cardiometabolic 
improvements [23]. Although in the present study no reduction 
in blood pressure was detected despite a significant reduction in 
BMI, guidelines emphasize that even small weight reductions 
are beneficial. According to the 2025 AHA/ACC guidelines, 
each kilogram of weight loss lowers systolic blood pressure by 
roughly 1 mmHg [24]. Some other estimates report that even 
modest weight loss of 5-10% improves blood pressure and lipid 
profiles, with every kilogram of weight lost reducing systolic 
blood pressure by approximately 0.4 mmHg [25,26]. In patients 
with hypertension, greater weight loss is typically needed 
to achieve meaningful blood pressure reductions. However, 
lifestyle modifications when combined with medication 
management has been shown to reduce blood pressure. A meta-
analysis of 16 studies by Abate et al. involving 4450 participants 
reported that lifestyle interventions with or without medication 
optimization reduced systolic blood pressure (P < 0.001), 
diastolic blood pressure (P < 0.001), and total cholesterol (P 
= 0.009) [27]. Although not statistically significant, our lipid 
findings support a beneficial effect of lifestyle change. Total 

Variable Total Metabolic Smoking (n)
(n) Mean ± SD / (%) (n) Mean ± SD / (%) (n) Mean ± SD / (%)

N 281 100% 137 48.8% 144 51.2%
Age (years) 281 47.9±14.4 137 49.2±15.3 144 46.7±13.4
Female, n (%) 88 31.3% 80 28.5% 8 2.8%
Diabetes, n (%) 111 39.5% 54 19.2% 57 20.3%
BMI 224 31.7±6.9 137 34±6.7 87 28.2±5.5
Systolic BP 216 125.6±13.4 124 126.3±13.2 92 124.6±13.6
HbA1c 189 6.3±1.5 117 6±1 72 6.6±2.1
Total cholesterol 186 4.9±1.2 116 5±1.1 70 4.6±1.4

Table 1. Baseline demographic and clinical characteristics of the study population according to cohort.

SD = standard deviation, BMI = body mass index (kg/m²); BP = blood pressure (mmHg); HbA1c = glycated hemoglobin (%); total cholesterol 
reported in mmol/L.

Outcome Model (LMM) Baseline mean 
(95% CI)

3-month mean
(95% CI)

6-month mean 
(95% CI)

Change at 6 
months vs baseline

P value 
(6 month*

Overall 
P value^

BMI Unadjusted 33.9 (32.8, 35.1) 33.5 (32.3, 34.7) 32.9 (31.7, 34.2) -1 (-1.88, -0.13) 0.021 0.034
BMI Adjusted 33.4 (32.3, 34.5) 33 (31.8, 34.2) 32.5 (31.3, 33.7) -0.92 (-1.79, -0.05) 0.036 0.058
HbA1c Unadjusted 6 (5.8, 6.2) 5.9 (5.7, 6.1) 5.9 (5.7, 6.1) -0.11 (-0.26, 0.04) 0.196 0.119
HbA1c Adjusted 6.1 (5.9, 6.3) 6 (5.8, 6.2) 6 (5.8, 6.2) -0.13 (-0.28, 0.02) 0.115 0.054
Systolic BP Unadjusted 126 (124, 129) 127 (124, 130) 126 (122, 129) -0.16 (-4.4, 4.1) 0.991 0.829
Systolic BP Adjusted 127 (124, 130) 127 (124, 130) 126 (122, 130) -0.93 (-5.2, 3.3) 0.829 0.819
Total cholesterol Unadjusted 5 (4.8, 5.2) 4.8 (4.6, 5.1) 4.8 (4.5, 5) -0.27 (-0.49, -0.05) 0.013 0.015
Total cholesterol Adjusted 4.9 (4.8, 5.2) 4.8 (4.6, 5.) 4.7 (4.5, 4.9) -0.25 (-0.48, -0.03) 0.022 0.026

Table 2. Longitudinal changes in metabolic outcomes estimated using linear mixed-effects models.

BMI is expressed in kg/m²; systolic blood pressure (BP) in mmHg; HbA1c in percent (%); and total cholesterol in mmol/L.
*Dunnett-adjusted p-value for comparison of 6 months versus baseline.
^Global test for timepoint from the Type III ANOVA.

Baseline (n=118) 3 Months (n=91) 6 Months (n=79)
No change 118 (100%) 32 (35.2%) 39 (49.4%)
Reduced 0 (0%) 39 (42.9%) 21 (26.6%)
Quit 0 (0%) 20 (22.0%) 19 (24.1%)
GEE: 6m vs 3m (Quit vs Not quit) - OR 1.24 (0.81–1.90), p=0.314

Table 3. Smoking status over time among participants actively smoking at baseline.

OR = odds ratio; CI = confidence interval; GEE = generalized estimating equation.
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cholesterol decreased by 0.25 mmol/L at 6 months, consistent 
with prior evidence. For context, a meta-analysis of high-fiber 
(≥3 g oat β-glucan) dietary interventions found total cholesterol 
reductions of 0.30 mmol/L [28].

Similar evidence has been presented in other studies as 
well. Recent meta-analyses confirmed that low-carbohydrate 
and DASH-style diets significantly reduced body weight, 
systolic blood pressure, and LDL cholesterol [29]. Physical 
activity has also been shown to improve cardiometabolic risk 
factors. Aerobic physical activity (30-40 min, 3-5 times/week) 
significantly lowers resting BP, heart rate, and triglycerides 
[30]. Structured exercise interventions reduced systolic blood 
pressure by approximately 5 mmHg and diastolic blood 
pressure by approximately 3 mmHg in previously sedentary 
adults [30]. While weight loss may be modest, improvements 
in fitness, lipid profiles, and glycemic control were consistent. 
Habitual activity reduced cardiovascular disease risk by 
up to 21%, and combined diet-exercise interventions yield 
synergistic benefits [31]. Behavioral support, goal setting, 
self-monitoring, and motivational interviewing are vital to 
sustaining change. A recent study reported significant reductions 
in waist circumference, blood pressure, and insulin resistance 
among young adults receiving structured behavioral therapy 
[22]. Meta-analyses showed that such programs maintained 
cardiometabolic improvements in HbA1c and high-density lipid 
levels up to 5 years, even with partial weight regain [32]. Digital 
interventions, including mobile apps and online coaching, 
are increasingly effective; one 2023 meta-analysis found that 
eHealth tools matched human-guided programs in improving 
weight and blood glucose levels [33].

The trend toward lower HbA1c in our cohort did not reach 
statistical significance, indicating a relatively small glycemic 
impact of the intervention. This may reflect the population mix 
and intervention scope. About 40% of participants had diagnosed 
diabetes, but many had relatively well-controlled or prediabetic 
glycemia. In trials specifically targeting glycemic control, larger 
HbA1c reductions are often achieved. For instance, a pooled 
analysis of 30 RCTs in overweight adults with T2DM found a 
mean HbA1c decrease of 0.48%-0.59% over 3-6 months [34]. 
A meta-analysis in South Asian T2DM patients reported an 
average reduction of 0.86%, with greater improvements over 
longer (≥6 month) interventions [35]. Consistent with this, a U.S. 
trial of a low-carbohydrate diet in prediabetic adults achieved a 
0.23% greater HbA1c drop than a usual diet at 6 months [36]. 
That very targeted dietary intervention significantly lowered 
HbA1c compared to control, whereas our broader counseling 
may have had more diffuse effects. More intensive or sustained 
interventions may be needed to achieve clinically significant 
HbA1c reduction in a largely normoglycemic/pre-diabetic 
clinic population. For example, intermittent fasting achieved 
superior short-term glycemic control compared to standard 
pharmacotherapy in prediabetic patients [23].

Among active smokers at baseline, roughly one-quarter 
reported quitting by 6 months. This abstinence rate is 
comparable to real-world cessation programs. For example, a 
large Chinese hospital-based smoking cessation clinic reported 
31.7% of smokers remained quit at 6 months [37]. Similarly, a 
cross-sectional study conducted at a smoking cessation clinic 

in Makkah included 340 smokers enrolled in the Saudi national 
tobacco control program. The smoking cessation success rate 
was 27.4%. Determination and strong personal motivation were 
the most commonly reported reasons for successful cessation 
(53.8%), followed by participation in the anti-smoking program 
(21.5%) and use of anti-smoking therapy (10.8%) [38]. In 
patients with type 2 diabetes, cessation interventions led to 
significant reductions in HbA1c, BP, and cholesterol within 
three months [39]. Longitudinal studies show that former heavy 
smokers (>20 pack-years) reduce CVD risk by 39% within 5 
years of quitting, though normalization to non-smoker levels 
may take 10-15 years [40]. Light smokers (<8 pack-years) regain 
normal risk profiles faster [41]. Thus, smoking cessation, like 
dietary and exercise changes, yields substantial cardiometabolic 
benefit.

Several limitations should be considered when interpreting 
the findings of this study. First, the duration of follow-up was 
limited to 3 and 6 months, which may not fully capture the 
longer-term sustainability of changes in cardiometabolic risk 
factors and smoking behavior. Second, incomplete follow-
up and variable data availability across outcomes resulted in 
reduced sample sizes at later assessment intervals, which may 
have introduced attrition bias and reduced statistical power for 
some subgroup and secondary analyses. Although sensitivity 
analyses suggested that missingness was primarily associated 
with demographic factors rather than baseline outcome severity, 
residual bias related to incomplete follow-up cannot be fully 
excluded. Third, because this was a real-world retrospective 
study without a parallel control group receiving standard 
care, causal inferences regarding the observed improvements 
cannot be definitively established. The observed changes may 
have been influenced by external factors, regression to the 
mean, concurrent medical care, or behavioral changes related 
to study participation. Fourth, participants continued routine 
pharmacological management through their primary treating 
clinics during follow-up. Although the Lifestyle Clinic itself 
did not modify chronic disease medications, medication 
changes initiated by external clinics could not be reliably 
extracted from the medical records and therefore could not 
be adjusted for analytically. Finally, intervention intensity and 
patient engagement varied substantially across participants. 
Exploratory analyses evaluating the association between the 
number of attended sessions and changes in metabolic outcomes 
did not demonstrate a significant independent dose-response 
relationship after multivariable adjustment, although the study 
may have been underpowered to detect modest associations in 
complete-case subgroup analyses. Despite these limitations, 
the study has several notable strengths. The use of longitudinal 
repeated measurements allowed assessment of within-individual 
changes over time under real-world clinical conditions. The 
inclusion of both metabolic and smoking cessation cohorts 
enhances the clinical relevance of the findings and reflects 
implementation of a comprehensive lifestyle clinic model in 
routine practice. Additionally, mixed-effects modeling enabled 
inclusion of participants with partially incomplete repeated 
measurements while accounting for within-subject correlation, 
thereby improving analytical robustness.
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Conclusion.
This retrospective study demonstrated an association between 

participation in a lifestyle clinic program and improvements 
in BMI (mean reduction 1.0 kg/m²) and total cholesterol 
(mean reduction 0.25 mmol/L) over 6 months, with 24.1% of 
baseline smokers achieving smoking cessation. No significant 
changes were observed in systolic blood pressure or HbA1c, 
suggesting that more intensive or prolonged interventions 
may be necessary for these outcomes. The findings support 
the role of multicomponent lifestyle modification in reducing 
cardiometabolic risk factors in the Saudi Arabian population. 
Future studies should extend follow-up duration beyond 
6 months to assess long-term sustainability, incorporate 
more structured exercise and dietary protocols, and employ 
randomized controlled trial designs to strengthen causal 
inference. Integration of digital health tools and targeted 
interventions for high-risk subgroups may further enhance 
program effectiveness and scalability.
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Appendices.
Table S1 presents the results of multivariable logistic 

regression models evaluating baseline predictors of missing 
outcome data at 6 months for BMI and total cholesterol in the 
metabolic cohort. Younger age was significantly associated with 
higher odds of missingness for both outcomes, whereas gender, 
diabetes status, and the corresponding baseline outcome values 
were not significantly associated with loss to follow-up. These 
findings suggest that missingness at 6 months was primarily 
related to demographic factors rather than baseline metabolic 
severity. The absence of associations between baseline outcome 
levels and subsequent missingness supports the plausibility 
of the missing at random (MAR) assumption underlying the 
primary linear mixed-effects analyses.

Missingness model Predictor variable Odds ratio (95% CI) P value
Missing BMI at 6m Intercept 85.24 (4.02, 1806.47) 0.004
Missing BMI at 6m Age (years) 0.95 (0.92, 0.98) <0.001
Missing BMI at 6m Male (vs Female) 1.01 (0.47, 2.15) 0.986
Missing BMI at 6m Diabetes: Yes (vs No) 0.68 (0.31, 1.50) 0.337
Missing BMI at 6m Baseline BMI 0.96 (0.91, 1.02) 0.215
Missing Total cholesterol at 6m Intercept 61.11 (3.65, 1022.83) 0.004
Missing Total cholesterol at 6m Age (years) 0.95 (0.92, 0.98) 0.001
Missing Total cholesterol at 6m Male (vs Female) 1.14 (0.51, 2.54) 0.748
Missing Total cholesterol at 6m Diabetes: Yes (vs No) 0.56 (0.24, 1.31) 0.182
Missing Total cholesterol at 6m Baseline total cholesterol 0.79 (0.54, 1.17) 0.235

Table S1. Logistic regression models evaluating baseline predictors of missingness at 6 months for primary metabolic outcomes.

OR = odds ratio; CI = confidence interval.
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