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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.
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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: Glycated hemoglobin (HbAlc) is the
primary biomarker for assessing long-term glycemic control
in type 2 diabetes (T2D). However, its wait time of 2-3
months, affects the timely intervention for the identification
of acute metabolic enhancements resulting from lifestyle
modifications. On the other hand, fructosamine reflects the
glycemic regulation for over a period of 2-3 weeks and may
provide supplementary short-term monitoring functions.
Nevertheless, there is scant information comparing these
markers across varying levels of physical activity and body
mass index (BMI) strata in people with type 2 diabetes (T2D).
Objective: To assess HbAlc and fructosamine as indicators
of glycemic control in physically active and sedentary
people with Type 2 Diabetes, and to investigate if BMI,
sex, and glucose-lowering drugs influence the association
between physical activity and these glycemic markers.
Methods: This cross-sectional study was conducted at Thumbay
Labs in the United Arab Emirates from January to October 2025,
included 185 persons with Type 2 Diabetes (T2D), classified as
physically active (n=98, engaging in >150 minutes of activity
per week for over 3 months) or sedentary (n=87). HbAlc and
fructosamine were assessed utilizing standardized laboratory
techniques. Multivariable linear regression models evaluated
the relationships between physical activity and glycemic
indicators, controlling for age, sex, BMI, and primary glucose-
lowering drug classes, while explicitly testing for interactions
between Activity and BMI, as well as Activity and Sex.
Results: Physically active participants exhibited lower
HbAlc (6.84% vs. 8.07%, p<0.0001) and fructosamine levels
(301.0 vs. 362.0 pmol/L, p=0.0001) compared to sedentary
individuals. A significant Activity x BMI interaction for
HbAlc (B=0.156, p=0.0002) was found, indicating decreased
glycemic benefits of physical activity with higher BMI,
persisting after controlling for diabetes medications. A similar
but weaker effect for fructosamine (f=7.481, p=0.0019)
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was noted. No notable differences were observed between
sexes regarding these markers when BMI was considered.
Conclusions: Physical activity is associated with glycemic
control, which is supported by HbA1c and fructosamine levels,
even though obesity declines this effect, especially in long-term
glycemic memory (HbA1c). Individuals who fall under the T2D
and increased BMI category need stronger lifestyle interventions
for similar glycemic benefits as those with lower BMI. HbAlc is
a more reliable marker for activity-related metabolic benefits in
stable T2D, while fructosamine is a useful short-term indicator
but not interchangeable.

Key words. Body mass index, fructosamine, HbAlc, glycemic
control Type 2 diabetes and physical activity.

Introduction.

Type 2 Diabetes (T2D) affects around 500 million adults
worldwide and this statistic is said to rise with aging populations
in unison with global obesity [1,2]. Tight glucose management
minimizes the incidence of microvascular and, to a lesser extent,
macrovascular problems [3,4]. Recent observational study
demonstrated that higher HbAlc was associated with increased
microvascular and macrovascular complications, reinforcing
the link between chronic hyperglycemia and adverse outcomes
[5]. Glycated hemoglobin (HbAlc) remains the cornerstone
biomarker for long-term glycemic control and risk stratification,
and its measurement is crucial for current treatment targets in
international guidelines [3]. Although HbAlc is recognized
as a marker of glycemic control for a period of 2-3 months, it
is still influenced by factors that affect erythrocyte turnover,
such as anemia, chronic renal illness, hemoglobinopathies, and
recent transfusions, which may limit its trustworthiness in some
clinical contexts [6].

An alternative to the conventional HbAlc, the short-term
glycemic indicators, such as fructosamine and glycated
albumin have sparked interest as supplementary techniques
globally. These biomarkers detect glycation of circulating
proteins with a half-life of 2-3 weeks and may respond faster
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to therapeutic modifications than that of HbAlc [6,7]. Several
studies have found moderate to high relationships between
fructosamine, glycated albumin, and HbA 1c, implying that they
predict microvascular and macrovascular outcomes in diabetic
patients [6,7]. However, limited clinical data exists comparing
HbAlc and fructosamine across obesity, physical activity, and
pharmacologic therapy in T2D populations.

Lifestyle modifications that are primarily focused on increasing
physical activity, regular exercise training, along with proper
medication, serve as a prime element for T2D management
[3,8-9]. Regular aerobic and resistance exercise uplifts
cardiorespiratory fitness, reduces body weight, and lowers
HbAlc levels in T2D patients [8]. According to professional
society standards, people with T2D should keep themselves
occupied with at least 150 minutes pf moderate to vigorous
aerobic activity, along with 2-3 days of resistance training every
week [9]. On the other hand, the glycemic response to physical
activity varies among different populations. Some people show
significant decrease in their HbAlc levels corresponding to
their physical activity, while others see minimal change despite
identical exercise exposure. Emerging data suggests that obesity,
gender, baseline fitness, and prescription regimes may influence
the metabolic advantages of physical activity [8-10], but few
research have systematically modeled these associations across
both HbAlc and fructosamine.

Globally, obesity is recognized as primary contributing factor
for insulin resistance and T2D [1,2]. A higher Body Mass Index
(BMI) and central adiposity are responsible for poor glycemic
profiles and higher cardiovascular risk. They may counteract
with the insulin sensitivity improvements generally caused by
exercise [10]. Corresponding to all this, the fat distributions,
hormonal milieus and cardiometabolic risk varies between
women and men, this may in turn influence their diabetes risk
and treatment response [10]. To attain HbAlc targets, modern
diabetes care increasingly relies on combination therapy,
including Metformin, sulfonylureas, DPP-4 inhibitors, SGLT2
inhibitors, insulin, and other medications [3]. These medicines
affect glycemia through distinct mechanisms, and patterns
of drug use frequently correlate with BMI, disease duration,
and comorbidity burden, making it necessary to account for
pharmacotherapy when analyzing the independent effect of
physical activity.

Against this backdrop, we sought to describe the connections
between physical activity, BMI, sex, medicines, and glycemic
control in persons with T2D, using both HbA 1¢ and fructosamine
as outcomes. We modeled the relationship between physical
activity, HbAlc, and fructosamine across the BMI spectrum,
testing for Activity x BMI and Activity X sex interactions while
adjusting for major glucose-lowering medication classes.

Materials and Methods.

This cross-sectional study took place at Thumbay Labs in
the United Arab Emirates from January to October 2025. A
total of 185 patients with type 2 diabetes were categorized into
sedentary (87) and active (98) groups according to their physical
activity levels, defined as at least 150 minutes per week for over
three months. Exclusion criteria encompassed type 1 diabetes,
insulin therapy, suspected Latent Autoimmune Diabetes in

194

Adults (LADA), prediabetes, other comorbidities, surgical
disabilities, and thyroid disorders. Participants filled out a
structured International Physical Activity questionnaire (IPAQ)
that captured the type, frequency and duration of their physical
activity to categorize them accordingly. Height and weight
were assessed using standardized protocols, and body mass
index (BMI) was computed (kg/m?). EDTA whole blood and
serum samples were collected from participants. HbAlc levels
were measured using the Beckman Coulter DXC 700 analyzer,
employing enzymatic and latex agglutination inhibition
methods. Fructosamine was quantified via a colorimetric
method using the Cobas ¢ 503 Roche instrument.

All procedures were validated in accordance with the
guidelines established by the College of American Pathologists
(CAP). Quality controls, both internal and external, were
established, and calibration was conducted according to
manufacturer specifications. The Institutional Review Board
approved the study (Ref. No. IRB-COHS-STD-131-Dec-2024).
All participants provided written informed consent; data were
anonymized and securely stored.

Data analysis utilized IBM® SPSS® Statistics Version 30.0.
Continuous variables were reported as median and interquartile
range (IQR) because the data did not follow a normal
distribution. The Mann-Whitney U test was utilized to compare
cardiometabolic markers between active and sedentary groups.
Multivariable linear regression models assessed associations
between physical activity and glycemic markers, adjusting
for age, sex, BMI, and major glucose-lowering medication
classes, with explicit testing of Activity x BMI and Activity x
Sex interactions. A p-value below 0.05 is deemed statistically
significant, whereas a p-value below 0.001 is classified as
highly significant.

Results.

The active group represented over 50% of the cohort, generally
being younger and having a lower BMI compared to sedentary
participants, who were predominantly middle-aged with more
individuals aged 60 and older. Normally-weight and overweight
categories were more common among active individuals,
whereas higher obesity classes were found predominantly
in the sedentary group. These patterns indicate significant
demographic and anthropometric differences between activity
groups that may influence glycemic outcomes (Figurel).

HbAlc and fructosamine levels were markedly elevated
in sedentary participants relative to their active counterparts
(Mann—Whitney U, p < 0.001), with rank-biserial correlations
reflecting moderate to substantial effects (Table 1).

When categorized by gender, age group, and BMI category,
people who were physically active usually had lower HbAlc
and fructosamine levels than people who were not. The activity
effect was strongest in men, adults aged 18 to 59, and people
with a normal or overweight BMI. The rank biserial effect sizes
were moderate to large. In older participants (60 years and
older) and those with the highest BMI, differences by exercise
were less and not statistically significant. This could be because
these groups had less power and more advanced disease (Table 2).

Both HbA1c¢ and fructosamine are significantly lower in active
vs sedentary men. Effect sizes (rank-biserial r) are moderate-
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Figure 1. The distribution of gender, age groups, and WHO BMI categories based on physical activity status among patients with type 2 diabetes
(N = 185). The bars show the percentage of participants in each category who are considered physically active or sedentary. The percentages are

shown above each bar.

Table 1. HbAlIc and fructosamine by physical activity status (Active vs Sedentary).

Marker Active, median [IQR] Sedentary, median [IQR] p-value Rank-biserial r
HbAlc 6.84 [6.49-8.04] 8.07 [7.14-9.61] 0.0000 0.422
fructosamine 301.0 [269.5-369.75] 362.0 [319.25-405.75] 0.0001 0.331

Median [IQR], (Mann—Whitney U), Rank-biserial r tests was used, P.value < 0.05 is considered significant, P.value < 0.001 is considered highly

significant.

to-large, meaning activity is meaningfully associated with
better glycemic control in men, not just statistically different.
For women, sample sizes or differences were not strong enough
to reach p < 0.05 in this stratified test. The beneficial effect of
being active on both HbA 1c and fructosamine is especially clear
in men.

For those aged 18 to 39, HbAlc was much lower in active
people than in sedentary people. fructosamine showed a similar
tendency, although it wasn't statistically significant at 0.05. The
effect size for HbAlc is big, which means that activity has a
strong influence on younger adults.
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In the 40-59 years age range, both HbAlc and fructosamine
levels are significantly lower in active participants, with effect
sizes ranging from moderate to large, indicating a strong activity
effect in middle-aged adults.

In the 60+ years cohort, neither HbAlc nor fructosamine
variations by exercise achieved statistical significance (p <
0.05). The sample size is probably smaller and/or the effect is
weaker at older ages. There is a clear link between physical
exercise and better HbAlc (and often fructosamine) levels in
younger and middle-aged people. The link is not as clear in
people over 60.



In the Normal BMI group, both HbAlc and fructosamine
levels are considerably lower in those who are active compared
to those who are sedentary. The impact sizes are quite big,
which means that activity has a strong influence when BMI is
in the normal range.

In the overweight group, active participants have considerably
lower levels of both HbAlc and fructosamine. Effect sizes are
modest to big, and it's evident that being active helps overweight
people with their glycemic indicators.

In Obese class I, HbA1c is much lower in people who are active
than in people who are sedentary (moderate effect size). The

variations in fructosamine go in the same direction, although
they don't quite reach p < 0.05.

In Obese class II / III, there are no statistically significant
changes by exercise (and small n), thus we can't claim for
sure that there is an effect in this dataset. The most significant
and consistent advantage of physical activity on both HbAlc
and fructosamine is observed in individuals with normal and
overweight BMI, with a moderate benefit noted for those
classified as obese class I. The evidence is less strong in this
sample for higher obesity classes (because the numbers are
modest) (Table 3).

Table 2. Stratified comparison of HbAlc and fructosamine by physical activity status.

Subgroup type  Subgroup Marker Active median [IQR] Sedentary median [IQR] p-value
18-39 fructosamine 320.5 [250.0-384.25] 352.0 [298.75-399.0] 0.2722
HbAlc 7.52 [6.69-8.5] 10.0 [8.22-10.5] 0.0158
Age groups 40-59 fructosamine 290.5 [263.5-353.0] 361.5 [321.5-434.25] 0.0006
HbAlc 6.71 [6.41-7.74] 8.07 [7.14-10.4] 0.0
60+ fructosamine 328.5 [281.75-390.75] 363.0 [321.5-390.25] 0.2568
HbAlc 6.84 [6.71-8.43] 7.57 [6.98-8.56] 0.1553
Normal fructosamine 333.5[282.75-369.0] 389.0 [339.75-492.75] 0.0049
Normal HbAlc 6.71 [6.41-8.04] 8.56 [8.06-9.92] 0.0004
Obese class | fructosamine 260.5 [243.25-328.5] 336.0 [296.0-398.5] 0.0665
BMI groups Obese class | HbAlc 6.71 [6.52-7.35] 7.77 [6.98-8.8] 0.0426
Obese class II fructosamine 509.0 [362.0-539.0] 359.0 [344.5-393.75] 0.2022
Obese class 11 HbAlc 9.34 [7.54-12.05] 7.78 [7.29-7.98] 0.1176
Overweight fructosamine 288.0 [274.0-367.0] 363.0 [326.75-419.0] 0.0009
Overweight HbAlc 7.07 [6.56-7.6] 8.5[7.38-10.5] 0.0002
Female fructosamine 305.5 [274.75-363.5] 349.0 [309.0-402.0] 0.1302
Gender HbAlc 7.07 [6.64-8.32] 7.55[7.1-9.5] 0.2287
Male fructosamine 297.5 [259.0-369.75] 364.0 [329.0423.0] 0.0002
Male HbAlc 6.75 [6.49-7.7] 8.17 [7.57-9.51] 0.0

Median [IQR], (Mann—Whitney U) test was used, P.value < 0.05 is considered significant, P.value < 0.001 is considered highly significant.

Table 3. Multivariable linear regression with interaction terms _for HbAlc and fructosamine.

Outcome Predictor Beta
Intercept 8.82
Active vs. Sedentary -0.963
Male vs. Female -0.274
Age (centered) -0.033

HbAle BMI (centered) -0.085
Activity x Gender -0.017
Activity X Age 0.036
Activity x BMI 0.156
Model R"2 0.186
Intercept 379.591
Active vs. Sedentary -35.354
Male vs. Female -3.24

. Age (centered) -0.27

fructosamine BMI (centered) -4.673
Activity x Gender -9.129
Activity X _Age 1.361
Activity x_ BMI 7.481
Model R"2 0.124

SE t p-value
0.284 31.06 <0.001
0.43 -2.24 0.0263
0.357 -0.77 0.4433
0.015 -2.23 0.0269
0.029 -2.99 0.0032
0.536 -0.03 0.9744
0.023 1.52 0.1296
0.042 3.76 0.0002
16.252 23.36 <0.001
24.596 -1.44 0.1524
20.419 -0.16 0.8741
0.841 -0.32 0.7488
1.631 -2.86 0.0047
30.681 -0.3 0.7664
1.337 1.02 0.3098
2.376 3.15 0.0019

Beta = regression coefficient (predicted change in outcome per unit increase in predictor) - SE = standard error (precision of the beta estimate) - t
= t-statistic (Beta/SE), used to calculate p-value. Age (centered) and BMI (centered) were calculated by subtracting the sample mean from each
individual value. This centering allows the intercept to represent the predicted outcome for an average participant and facilitates interpretation

of interaction terms.
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Figure 2. Predicted HbAIc and fructosamine across BMI by physical activity and sex. Panels illustrate predicted levels of HbAlc (%) (top) and
fructosamine (umol/L) (bottom) across BMI for women (left) and men (right). Curves distinguish between sedentary (red) and physically active
(blue) individuals, based on multivariable linear regression models that account for physical activity, gender, age, and BMI interactions. Models
center age and BMI at the cohort mean for plotting purposes.
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Figure 3. Adjusted associations between glucose lowering medication classes and HbAIc and fructosamine.

Forest plots show adjusted differences in HbAIc (left, %) and fructosamine (right, umol/L) associated with current use of Metformin, sulfonylureas,
DPP 4 inhibitors and SGLT?2 inhibitors, compared with nonuse of each class. Estimates and 95% confidence intervals are from multivariable
linear regression models adjusted for age, sex, BMI, physical activity, and their interaction. Participants treated with insulin were excluded from
these analyses.
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In multivariable models controlled for age, sex, and BMI,
physical activity correlated with reduced projected HbAlc and
fructosamine levels across the BMI spectrum. The top row of
Figure 3 shows model-based prediction curves for HbAlc,
and the bottom row shows model-based prediction curves for
fructosamine. The curves are separated by sex, with women on
the left and men on the right.

For HbA1c, both physically active women and men exhibited
lower projected values compared to their sedentary counterparts
across nearly all BMI categories. The gap between the active and
sedentary curves was biggest at lower BMI and got smaller as
BMI went up. This shows the strong Activityx BMI interaction
that was seen in the HbAlc model. This pattern was consistent
across both women and men, showing no definitive evidence of
a sex-specific variation in the shape or amount of the exercise
effect.

For fructosamine, physically active individuals exhibited
lower projected values compared to sedentary individuals of
both sexes; however, the curves were more closely aligned and
parallel across the BMI range. In line with this visual impression,
the Activity x BMI interaction for fructosamine did not achieve
statistical significance, suggesting that the short-term glycemic
fluctuation measured by fructosamine exhibited a weaker and less
consistent alteration by BMI compared to HbA ¢ (Figure 2).

Metformin and SGLT2 inhibitors were linked to reduced
adjusted HbAlc levels, while sulfonylureas and DPP-4
inhibitors were generally associated with increased HbAlc
levels. The associations for fructosamine exhibited a similar
direction; however, the confidence intervals were broader and
frequently encompassed the null value. Adjustment for these
medication classes did not significantly change the observed
relationships between physical activity, BMI, and glycemic
markers (Figure 3).

Discussion.

This cross-sectional study of patients with type 2 diabetes
revealed that frequent physical activity was associated
with lower levels of HbAlc and fructosamine, even after
accounting for age, gender, BMI, and major classes of glucose-
lowering medicines. Prediction plots from interaction models
demonstrated that physically active adults had lower projected
HbAlc levels than sedentary participants over the majority of
the BMI range, in both men and women.

The disparity between active and sedentary curves was most
pronounced at lower BMI and gradually diminished with
rising BMI, signifying a notable Activity X BMI interaction.
This pattern continued even after adjusting for treatment with
Metformin, sulfonylureas, DPP-4 inhibitors, and SGLT2
inhibitors, indicating that adiposity itself, rather than varying
intensification of pharmacotherapy, may diminish the glycemic
advantages of physical activity. The association between
fructosamine and activity was analogous; however, the Activity
x BMI interaction did not achieve statistical significance, and
the curves were more closely aligned, suggesting that short-term
glycemic fluctuations may exhibit reduced responsiveness—or
greater variability—in relation to habitual physical activity
within this real-world T2D cohort.
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Our results align with previous meta-analyses and guidelines
indicating that consistent aerobic and resistance training yield
moderate although clinically significant decreases in HbAlc
levels among individuals with T2D [8-9]. By explicitly
modeling Activity x BMI interactions, we enhance the existing
evidence by illustrating that the relative HbAlc advantage of
physical activity is most pronounced in persons with lower
BMI and diminished in those with higher BMI. This conclusion
is biologically plausible: increased adiposity correlates
with heightened insulin resistance, ectopic fat deposition,
and chronic low-grade inflammation [10], all of which may
attenuate the enhancement in insulin sensitivity attained by
typical physical activity levels. Our findings thus advocate
a more nuanced perspective than the simplistic assertion that
“exercise is beneficial for all.” While both lean and obese
individuals with T2D derive advantages from physical activity,
those with obesity may necessitate either an increased exercise
regimen or a combination of approaches—such as organized
exercise alongside dietary weight reduction or supplementary
pharmacotherapy—to attain glycemic enhancements akin to
those observed in individuals with a lower BMI.

Sex-stratified predictions indicated comparable patterns
between women and men, revealing no significant sex-specific
divergence in the Activity x BMI effect on HbAlc. This is
consistent with certain aspects of existing literature regarding
sex differences in the pathophysiology and treatment response of
Type 2 Diabetes (T2D). Women with type 2 diabetes frequently
exhibit elevated obesity rates and may receive a diagnosis later
in the progression of the disease, resulting in an increased
relative cardiovascular risk in comparison to men [10]. Our
data indicate that, after adjusting for BMI and medications,
the additional glycemic benefit of physical activity is similar
for both sexes. This observation aligns with existing guideline
recommendations advocating for equal promotion of physical
activity for both women and men with T2D [3,9]. It underscores
the necessity of customizing interventions based on individual
BMI and comorbidity profiles, rather than focusing solely on
sex.

The discrepancy observed between HbAlc and fructosamine
responses to physical activity is significant. Physically active
participants exhibited lower fructosamine levels compared
to sedentary participants; however, the observed effects were
minimal, and a significant Activity X BMI interaction was
not identified. Previous studies indicate that fructosamine and
glycated albumin are correlated with HbAlc and reflect short-
term glycemic changes; however, their accuracy may be affected
by variables including serum albumin levels, nephrotic-range
protein loss, and acute illness [6,7].

Medication classes exhibit specific patterns of glycemic control
that align with their anticipated clinical applications. Metformin
and SGLT2 inhibitors demonstrate superior glycemic profiles,
while sulfonylureas and DPP-4 inhibitors are more prevalent
in individuals with suboptimal control, indicating a trend
towards treatment intensification. Nevertheless, the broad
confidence intervals, especially for fructosamine, suggest a
constrained ability to accurately quantify these effects. The
primary relationship among physical activity, adiposity, and



glycemia persisted significantly after controlling for medication
class, indicating the lifestyle factor's independence from
pharmacological interventions.

In this clinical cohort, day-to-day variability in diet, medication
adherence, and acute health events may have introduced noise
into fructosamine measurements, thereby obscuring more
subtle patterns related to activity and BMI. Alternatively, the
adaptation to habitual activity, particularly resistance training,
may be more accurately reflected by long-term markers like
HbAlc rather than a brief two-to-three-week assessment of
glycation. Our findings support the ongoing use of HbAlc as
the primary metric for assessing lifestyle interventions in stable
T2D, while fructosamine functions as a complementary, albeit
non-interchangeable, marker.
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