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K CBEAEHHUIO ABTOPOB!
[Ipu HampaBIEeHUY CTAaTbH B PEAAKITUIO HEOOXOIUMO COOIONATh CISAYIONINE TIPABHIIIA;

1. CraTps nomkHa OBITH IPEJCTaBICHA B IBYX SK3EMIUIIPAX, HA PYCCKOM HMJIM aHTITUHACKOM SI3bI-
Kax, HaTrleyaTaHHas yepe3 MoJITopa HHTepBaJjia Ha OIHOI CTOPOHE CTAHIAPTHOIO JIUCTA € INMPHHOI
JIEBOTO NOJIsI B TPHM caHTHMeTpa. Mcnonb3yemblil KOMIIBIOTEPHBII WPUQT U1 TEKCTa Ha PYCCKOM U
aHnuickoM s3bikax - Times New Roman (Kupuiuna), 115 TeKcTa Ha TPy3UHCKOM S3BIKE CIIEAYeT
ucnoip3oBath AcadNusx. Pasmep mpudra - 12. K pykonrcu, HaneyaTaHHOW Ha KOMITBIOTEPE, JTODKEH
o5ITh IprtoskeH CD co crarbeit.

2. Pa3Mep craTbu TOTKEH OBITH HE MEHEe NeCsTH 1 He OoJiee 1BaALATH CTPAHUI] MAITHOIINCH,
BKJIIOYAsl yKa3areJlb JINTepaTypsl U Pe3loMe Ha aHIJIMIICKOM, PYCCKOM U IPYy3HHCKOM SI3bIKaX.

3. B crarbe 10KHBI OBITH OCBEIICHBI AKTyaIbHOCTh JAHHOTO MaTepHalla, METOIBI U PE3YIIbTaThI
UCCIIeIOBaHUs U X 00CYyKACHHE.

[Ipu npencTaBiIeHNHN B IIeYaTh HAYYHBIX SKCIIEPUMEHTAIBHBIX PA0OT aBTOPHI JOJIKHBI YKa3bIBATH
BHUJl U KOJMYECTBO SKCIIEPUMEHTANBHBIX KUBOTHBIX, IPUMEHSBIINECS METOABl 00e300MMBaHUS U
YCBHIJICHHUS (B XOJI€ OCTPBIX OIIBITOB).

4. K crarbe JOIKHBI OBITH MIPUIIOMKEHBI KpaTKoe (Ha MOJICTPAaHUIIBI) Pe3OMe Ha aHIIIUICKOM,
PYCCKOM M IT'PY3HHCKOM $I3bIKax (BK/IIOYAIOLIEE CIELYOLINE pa3aesbl: Liedb UCCIeI0BaHNs, MaTepHual U
METOJIBI, PE3YJILTATHI M 3aKIIFOUSHHE) U CIIUCOK KITtoueBBIX cioB (key words).

5. Tabnunp! HEOOXOIUMO NPENCTABIATE B Ie4aTHOH hopme. DoTokonuu He npuHUMaroTcs. Bee
nu¢poBbie, HTOTOBbIE H NPOLIEHTHbIE JaHHbIE B Ta0JIMIaX J0JIKHbI COOTBETCTBOBATH TAKOBBIM B
TeKcTe cTaThbU. Tabiuibl U rpaduKu TOJKHBI OBITH 03aryIaBIICHBI.

6. dotorpadun AOIKHBI OBITH KOHTPACTHBIMHU, (POTOKOIHHU C PEHTTEHOTPAMM - B IO3UTUBHOM
n300paxeHuH. PUCYyHKH, yepTeXu U IuarpaMmbl clIeoyeT 03ariaBUTh, IPOHYMEPOBATh U BCTABUTH B
COOTBeTCTBYIOIIEe MecTo TekcTa B tiff opmare.

B noanucsix k MukpogotorpadgusaM cieayeT yKa3plBaTh CTEICHb yBEIMUCHUS Yepe3 OKYISP HITH
00BEKTUB U METOJ] OKPACKU WJIM UMIIPETHALIMH CPE30B.

7. ®aMUIUU OTEYECTBEHHBIX aBTOPOB MIPUBOJAATCS B OPUTHHAIBHON TPAHCKPUIILIUH.

8. I[Ipu opopmnennu u HampaBneHun crared B xypHanm MHI mpocum aBTOpOB cobmronars
NpaBUIIa, U3JI0KEHHBIE B « EMUHBIX TpeOOBaHUSIX K PYKOMHUCSM, IPEACTABISIEMBIM B OMOMEIUIIMHCKHUE
JKypHAJIbD», TPUHATHIX MeXIyHapOAHBIM KOMHUTETOM PEIAaKTOPOB MEAMLMHCKUX KYpHAJIOB -
http://www.spinesurgery.ru/files/publish.pdf u http://www.nlm.nih.gov/bsd/uniform_requirements.html
B koHIIe Kax 101 OPUTHHATIBHOM CTaThU MPUBOAUTCA OnOIHOrpadguyeckuii cnucok. B cnmncok nurepa-
TYPBI BKJIFOYAIOTCSl BCE MaTepHalibl, HA KOTOPBbIE UMEIOTCS CCBUIKU B TeKcTe. CIHUCOK COCTaBIAETCs B
andaBUTHOM MOpsAKe U HymMepyeTcs. JIutepaTypHblii HCTOYHMK NPUBOAUTCS Ha sI3bIKE OpUrMHaia. B
CIMCKE JINTEPATyPhl CHavYajia IPUBOIATCS PabOThI, HAMCAHHBIE 3HAKaMU TPY3MHCKOTO andaBuTa, 3aTeM
Kupwuien u naruHuneidl. CChUIKM Ha IUTHUPYEMble pabOThl B TEKCTE CTAaTbH JAIOTCS B KBaIpPaTHBIX
CKOOKax B BUJI€ HOMEPA, COOTBETCTBYIOLIETO HOMEPY JaHHOH pabOoThI B CIIMCKE TUTEPaTypbl. bonbmmH-
CTBO IIUTHPOBAHHBIX UCTOYHUKOB JOJKHBI OBITH 3a IMOCTIEAHNUE S5-7 JIET.

9. ns momydeHus MpaBa Ha MyONMKAIMIO CTaThs OJDKHA MMETh OT PYKOBOIUTENSI pabOTHI
WIN YUPEXKJCHUS BU3Y U CONPOBOIUTEIHHOE OTHOLLICHNUE, HAIMCAHHBIC WJIM HAlledaTaHHbIE Ha OJIaHKe
Y 3aBEPEHHBIE MOJIHCHIO U NIEYATHIO.

10. B koHIe cTaThU NOJKHBI OBITH MOAMHCH BCEX aBTOPOB, MOJHOCTBHIO MPUBEAEHBI UX
(amMuInM, UIMEHa U OTYECTBA, YKa3aHbl CIIy>KeOHBIN M AOMAIIHUI HOMEpa TeJIe(OHOB U agpeca MM
uHble koopAuHaThl. KomuuecTBo aBTOPOB (COABTOPOB) HE NOHKHO MPEBBIMIATH IISATH YEJIOBEK.

11. Penakuus ocraBisiet 3a cO00i MpaBo COKpaIaTh ¥ HCIPaBIATh cTarhi. Koppekrypa aBropam
HE BBICBUIAETCS, BCS paboTa U CBEpKa IPOBOAUTCS 110 aBTOPCKOMY OPHTHHAILY.

12. HemomycTuMoO HampaBiieHHE B pelaklMIo padoT, MpeICTaBICHHBIX K MeYaTH B MHBIX
M3/1aTeNbCTBAX WIIM OMYOJIMKOBAHHBIX B APYTHX U3JAHUSX.

Hpﬂ HApYHNIEHUH YKa3aHHBIX IPABUJI CTATbU HE PAaCCMAaTPUBAIOTCH.




REQUIREMENTS

Please note, materials submitted to the Editorial Office Staff are supposed to meet the following requirements:

1. Articles must be provided with a double copy, in English or Russian languages and typed or
compu-ter-printed on a single side of standard typing paper, with the left margin of 3 centimeters width,
and 1.5 spacing between the lines, typeface - Times New Roman (Cyrillic), print size - 12 (referring to
Georgian and Russian materials). With computer-printed texts please enclose a CD carrying the same file titled
with Latin symbols.

2. Size of the article, including index and resume in English, Russian and Georgian languages must
be at least 10 pages and not exceed the limit of 20 pages of typed or computer-printed text.

3. Submitted material must include a coverage of a topical subject, research methods, results,
and review.

Authors of the scientific-research works must indicate the number of experimental biological spe-
cies drawn in, list the employed methods of anesthetization and soporific means used during acute tests.

4. Articles must have a short (half page) abstract in English, Russian and Georgian (including the
following sections: aim of study, material and methods, results and conclusions) and a list of key words.

5. Tables must be presented in an original typed or computer-printed form, instead of a photocopied
version. Numbers, totals, percentile data on the tables must coincide with those in the texts of the
articles. Tables and graphs must be headed.

6. Photographs are required to be contrasted and must be submitted with doubles. Please number
each photograph with a pencil on its back, indicate author’s name, title of the article (short version), and
mark out its top and bottom parts. Drawings must be accurate, drafts and diagrams drawn in Indian ink
(or black ink). Photocopies of the X-ray photographs must be presented in a positive image in tiff format.

Accurately numbered subtitles for each illustration must be listed on a separate sheet of paper. In
the subtitles for the microphotographs please indicate the ocular and objective lens magnification power,
method of coloring or impregnation of the microscopic sections (preparations).

7. Please indicate last names, first and middle initials of the native authors, present names and initials
of the foreign authors in the transcription of the original language, enclose in parenthesis corresponding
number under which the author is listed in the reference materials.

8. Please follow guidance offered to authors by The International Committee of Medical Journal
Editors guidance in its Uniform Requirements for Manuscripts Submitted to Biomedical Journals publica-
tion available online at: http://www.nlm.nih.gov/bsd/uniform_requirements.html
http://www.icmje.org/urm_full.pdf
In GMN style for each work cited in the text, a bibliographic reference is given, and this is located at the end
of the article under the title “References”. All references cited in the text must be listed. The list of refer-
ences should be arranged alphabetically and then numbered. References are numbered in the text [numbers
in square brackets] and in the reference list and numbers are repeated throughout the text as needed. The
bibliographic description is given in the language of publication (citations in Georgian script are followed
by Cyrillic and Latin).

9. To obtain the rights of publication articles must be accompanied by a visa from the project in-
structor or the establishment, where the work has been performed, and a reference letter, both written or
typed on a special signed form, certified by a stamp or a seal.

10. Articles must be signed by all of the authors at the end, and they must be provided with a list of full
names, office and home phone numbers and addresses or other non-office locations where the authors could be
reached. The number of the authors (co-authors) must not exceed the limit of 5 people.

11. Editorial Staff reserves the rights to cut down in size and correct the articles. Proof-sheets are
not sent out to the authors. The entire editorial and collation work is performed according to the author’s
original text.

12. Sending in the works that have already been assigned to the press by other Editorial Staffs or
have been printed by other publishers is not permissible.

Articles that Fail to Meet the Aforementioned
Requirements are not Assigned to be Reviewed.
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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, HbAlc,
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/m?, 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 HbAlc
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-
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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/m?), 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.
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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 dictary 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 (HbAlc 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, HbAlc, and total cholesterol) were evaluated



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, HbAlc, 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
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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/m? (SD 6.9), mean systolic
blood pressure was 125.6 mmHg (SD 13.4), mean HbAlc 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/m? 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/m?, 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. HbAlc 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 HbAlc 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, HbAlc,
systolic blood pressure, or total cholesterol. Higher baseline
BMI, baseline HbAlc, 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.
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Figure 2. [llustration of percentage change from baseline in metabolic outcomes over 6 months in the metabolic cohort.
BMI is expressed in kg/m? systolic blood pressure in mmHg, HbAlc in percent (%), and total cholesterol in mmol/L.
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Table 1. Baseline demographic and clinical characteristics of the study population according to cohort.

Variable Total Metabolic
(n) Mean £ SD / (%) (n)

N 281 100% 137

Age (years) 281 47.9+£14.4 137

Female, n (%) 88 31.3% 80

Diabetes, n (%) 111 39.5% 54

BMI 224 31.7£6.9 137

Systolic BP 216 125.6+13.4 124

HbAlc 189 6.3+1.5 117

Total cholesterol 186 4.9+1.2 116

Smoking (n)
Mean £ SD / (%) (n) Mean £ SD / (%)
48.8% 144 51.2%
49.2+15.3 144 46.7+13.4
28.5% 8 2.8%
19.2% 57 20.3%
34+6.7 87 28.2+5.5
126.3+13.2 92 124.6+13.6
6+1 72 6.6+2.1
5+1.1 70 4.6t£1.4

SD = standard deviation, BMI = body mass index (kg/m?); BP = blood pressure (mmHg); HbAIc = glycated hemoglobin (%); total cholesterol

reported in mmol/L.

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

Baseline mean 3-month mean 6-month mean Change at 6 P value Overall
Outcome Model MMM) 950, ¢ (95% CI) (95% CI) montﬁs vs baseline (6 month* P value’
BMI Unadjusted 33.9(32.8,35.1) 133.5(32.3,34.7) 132.9(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
HbAlc Unadjusted 6(5.8,6.2) 59(.7,6.1) 59(5.7,6.1) -0.11 (-0.26, 0.04) 0.196 0.119
HbAlc 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

BMI is expressed in kg/m?; systolic blood pressure (BP) in mmHg; HbAlc 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 [l ANOVA.

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

Baseline (n=118)

No change 118 (100%)
Reduced 0 (0%)
Quit 0 (0%)

GEE: 6m vs 3m (Quit vs Not quit) -

3 Months (n=91)

32 (35.2%)

39 (42.9%)

20 (22.0%)

OR 1.24 (0.81-1.90), p=0.314

6 Months (n=79)
39 (49.4%)
21 (26.6%)
19 (24.1%)

OR = odds ratio; CI = confidence interval; GEE = generalized estimating equation.

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 HbA 1¢c. 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/m? 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
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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



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 B-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 HbA 1¢ 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 HbAlc 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
HbAlc reductions are often achieved. For instance, a pooled
analysis of 30 RCTs in overweight adults with T2DM found a
mean HbAlc 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 HbAlc drop than a usual diet at 6 months [36].
That very targeted dietary intervention significantly lowered
HbAlc 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
HbAlc 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
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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 HbAlc, 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.



Conclusion.

This retrospective study demonstrated an association between
participation in a lifestyle clinic program and improvements
in BMI (mean reduction 1.0 kg/m?) 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 HbAlc,
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.

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

Missingness model Predictor variable
Missing BMI at 6m Intercept

Missing BMI at 6m Age (years)

Missing BMI at 6m Male (vs Female)
Missing BMI at 6m Diabetes: Yes (vs No)
Missing BMI at 6m Baseline BMI
Missing Total cholesterol at 6m Intercept

Missing Total cholesterol at 6m Age (years)

Missing Total cholesterol at 6m
Missing Total cholesterol at 6m
Missing Total cholesterol at 6m

Male (vs Female)
Diabetes: Yes (vs No)
Baseline total cholesterol

OR = odds ratio; CI = confidence interval.
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Odds ratio (95% CI) P value
85.24 (4.02, 1806.47) 0.004
0.95(0.92, 0.98) <0.001
1.01 (0.47, 2.15) 0.986
0.68 (0.31, 1.50) 0.337
0.96 (0.91, 1.02) 0.215
61.11 (3.65, 1022.83) 0.004
0.95 (0.92, 0.98) 0.001
1.14 (0.51, 2.54) 0.748
0.56 (0.24, 1.31) 0.182
0.79 (0.54, 1.17) 0.235
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