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Abstract: Type 2 diabetes mellitus (T2DM) is associated with lipid abnormalities that increase cardiovascular risk;
however, evidence regarding this relationship at diagnosis is limited. This study aimed to examine the association
between glycated hemoglobin (HbA1c) and lipid parameters at the time of T2DM diagnosis. A retrospective cross-
sectional study included 3,501 newly diagnosed T2DM patients treated within the Riojano Health Service between
2019 and 2025. Spearman correlations and linear regression were used to assess associations between HbA1c and
lipid parameters. The study was approved by the Research Ethics Committee of La Rioja (CEImLAR, P1 778). HbA1c
was positively correlated with total cholesterol (TC) (p = 0.043; p <0.05), low-density lipoprotein cholesterol (LDL-C) (p
= 0.044; p<0.05) and triglycerides (TG) (p = 0.217; p <0.001), and inversely correlated with high-density lipoprotein
cholesterol (HDL-C) (p =-0.213; p <0.001). In linear regression adjusted for age, sex, and body mass index (BMI),
higher HbA1c was associated with increased TC, TG and decreased HDL-C. These findings highlight that at
diagnosis, higher HbA1c levels are associated with a more atherogenic lipid profile, emphasizing the importance of
early metabolic assessment and comprehensive cardiovascular risk management, with an essential role for nursing in


https://links.email.frontiersin.org/ls/click?upn=u001.qPvnClRwyVsaBj5SNX-2FU6pSLOHfKeZE82F6z67NA015qzeGc-2BJvrL7Hq1zctnETjbXesuK8utk6Fk1WpiZa4QZ34L9pa8917Fxx9xlFnZjrxG2TUfaA5DFfRbKQWc3UCHO61FstelWeXK5AhuURzzsK4urdlNJ3oDdX-2Fb97cub5p0Gnu0TaYdE7dpuEUFxGTxTkG_HwqELtu1oKXIH5dA7GLbpJASSrxL18Fb1tu7KhWAWjDEzMF5dHVm0uFGFluB495h-2BDCbC76NXYXaNPMzr6NA3MZJuXbL1-2BkyMfu23E0rC-2BkCq4-2BlfQn4IGBv0SWEHhTyKHkBYxTKzpRBewns2ijMKanKWRDXoclzlIWUYiudgbXHmQVIOSvknXa5n4gYKVCNuQmJOvZ1NU6Xu7uUpUwUWF-2Ft-2FQuaumob88M7sxGidGPcx4seJIHIVRAKdxCSvSZbIfHRMcYU6Fsf3a975uC5HlNlwRivRlTWQmWK-2FFc-2BbdTU6ByKyNWjSsm3wEZLifwQFu-2BhEaPgouSeUQidBh6fmMIbKErQ-2Fvi-2FwbwGQ2Oi3-2F2Gnf8Uak4KEAiopno04J8SsngwunkInVhd4gDHq7AVzQ-3D-3D
https://links.email.frontiersin.org/ls/click?upn=u001.qPvnClRwyVsaBj5SNX-2FU6pSLOHfKeZE82F6z67NA015qzeGc-2BJvrL7Hq1zctnETjbXesuK8utk6Fk1WpiZa4QbRDNGAmi0gPiegh-2BBbawPRMGrN-2BmdZvI1Mg5IFnLuNKEQxcRt3ZxI-2B8cjuah2CF7ythKElc-2FetD5Bw018vTiOGF84qcEvGULIqDFdwhs4Cvx3hHP-2Fjxs4-2FOCoseViIw3A-3D-3D2LMK_HwqELtu1oKXIH5dA7GLbpJASSrxL18Fb1tu7KhWAWjDEzMF5dHVm0uFGFluB495h-2BDCbC76NXYXaNPMzr6NA3MZJuXbL1-2BkyMfu23E0rC-2BkCq4-2BlfQn4IGBv0SWEHhTyKHkBYxTKzpRBewns2ijMKanKWRDXoclzlIWUYiudgbXHmQVIOSvknXa5n4gYKVCN44prugPsOvVLrevXCQfN3ILTyBMPT5VLujE2OZkTjrk-2F9j3AyQF5u6uFxS-2FsRHo-2Fsv2zVn0En8Jz9sYW1gO46LKH0-2Fed2Lm1HKCKGnWFFNMtdXC54cdq26U0Z-2F3cA3Yw-2B7-2FKcXxcGsldjhH5RWmNFedOK6VDuzYV75g6xXRwwGPCLKqCIP3R0gdZXFRpD3325nkt5GWXaORkoEwZ57jQyg-3D-3D
https://www.frontiersin.org/

early intervention, patient education and prevention.

If you encounter any technical issue, contact support@frontiersin.org, with AdWdno702wl1L6W as reference.
Unsubscribe | Email Preferences


mailto:support@frontiersin.org
https://links.email.frontiersin.org/ls/click?upn=u001.qPvnClRwyVsaBj5SNX-2FU6oNBL0TCZAa6EcEdieyI6f83P1k64BPyHOgDo1sH7vrAgo2tTr96FS73FMTkVTRTgGPKUKs0RQgKSaS2sJguF4zop0dNTtz3n1YcKYntBzbuWv87y3ik68e8RNanLFtGK5MqI3O465mWIgbYo9qdfV1uPCLiS2xfg-2FuHQ6rJihnFxsfgpAlbzAIGnGlT7jrFnHVZ8dZdvL0DMrzI3bsV3mniSipa2RCUjm-2FqTQUi1ppuO9aBXKn9VOL3u-2Fm0geyE-2FRfzZuJHPeo2OJp-2BinmZkL0haCvsasPAxHkj-2F7A1ZUyOnB-2BPfEL-2F1W651XaW-2FrIwVcuy6bFn-2B8sNX3ST2IVdDeYQwmmXZqftX3CDPEM33GJlso04AnPetPmQSk4k1zg8YWaYy-2FxPUSI6sFSQqJLWu5aYmgcs4FFOeXbbsje3MULAEeVRTKkH1GSEXF0PHHzUBR-2Bl87L8aMgVk-2FaU8L7BKRcS4N1BDwFfzVH2ecToqn6-2FTihYhJZfK60JKm7HZvtrM51fEUNGkoaqDQTO-2FFDtrcN4Xv7AZojseYyjsT3-2BOTi4DRf-2But4socb-2BfeL-2B-2FWCWTCfWbuvbPLrF1UleG9rkW23duwoIOx6xlXzguCcyasKq63RbCx3MvXKw68jb1tR8VMr5fliCCxMPx5aSHwXx205ZI-2F-2FF5Zqsp-2BeUX68KINeUJxBbRKMYXdLeEyQtGEQQHGGS6IkGfkaWkzWgcA2Xe1oQ8qkNyHcSpvAQ2ExYAKAGDUQn_HwqELtu1oKXIH5dA7GLbpJASSrxL18Fb1tu7KhWAWjDEzMF5dHVm0uFGFluB495h-2BDCbC76NXYXaNPMzr6NA3MZJuXbL1-2BkyMfu23E0rC-2BkCq4-2BlfQn4IGBv0SWEHhTyKHkBYxTKzpRBewns2ijMKanKWRDXoclzlIWUYiudgbXHmQVIOSvknXa5n4gYKVCNbYgpg4mpLdNQKx0qsHHU3Lg3MP2RqAWjGPMLheZnGBZehhnrev8UpnT1hBWXoM8lSylAW4VoQghXNVnU56-2B-2FJJcLxwwglU-2FK2gmldFSnk6zFmEtp6zodBX-2FSYBrRwWsI-2FM58bln0WQ-2BcmqdVO83PuoCdQu-2B7-2FGphlU-2FR12OV4GbGKHZQiF5gAtASU-2FvtMoyAKZoygtNtuyzSqds5J45oQQ-3D-3D
https://links.email.frontiersin.org/ls/click?upn=u001.qPvnClRwyVsaBj5SNX-2FU6oNBL0TCZAa6EcEdieyI6f83P1k64BPyHOgDo1sH7vrA9yK01h4jxWLqaPD86dM4wSHNOiNMR1JSTHHqG5sZCn0h3RDqoIn30HxJntGjGe1ykzPu4ihvjIcu1UnIiN0HWSPd1y7FTMeW7iKoSXBoZd-2FKYg2HqCnoFiwGYSL-2Fn-2FAnjj0vzEZwzht7-2B7e42UGyYmWaeOT8MK-2BseycoObGi9Fo-3DTeUs_HwqELtu1oKXIH5dA7GLbpJASSrxL18Fb1tu7KhWAWjDEzMF5dHVm0uFGFluB495h-2BDCbC76NXYXaNPMzr6NA3MZJuXbL1-2BkyMfu23E0rC-2BkCq4-2BlfQn4IGBv0SWEHhTyKHkBYxTKzpRBewns2ijMKanKWRDXoclzlIWUYiudgbXHmQVIOSvknXa5n4gYKVCNokQ6xbKrBKlt6Vh2UzqjhrXVqpoSv6VeBcP-2BJkelQfidjQDNL-2BTOo80edfrEfytovxe30uZjZBbMm3lbsfosG5fB9j8M0Qy32TOmwVOWAHLeozbb0Cf3ICqLHaYdMYgELIcZp1hzAbFIQns-2BzmIPsUSOEfmofbShw3oXiGMNfv7Zu7r5LKROoAw61oWu4C7xrVDHQvPW9H3eYNhYjXqmDw-3D-3D

Dear Dr Yenny,

Thank you for agreeing to review the manuscript “Association Between Glycated Hemoglobin and
Lipid Parameters at the Time of Type 2 Diabetes Mellitus Diagnosis: Evidence From a Regional
Cohort”.

What's next?

You can access the manuscript and complete your structured review report via the link below:

If the button doesn’t work, copy and paste this link into your browser:
https://review.frontiersin.org/review/bootstrap/00cbc252-44c6-4a32-8e42-d6ee17bb3799

Submitting your review report promptly allows the authors to revise their manuscript sooner. A review
certificate will be issued to you in MyFrontiers after a final decision of accept or reject has been taken on
the manuscript. 88% of reviewers submit their assessment within 10 days of accepting the invitation. If
you require more time, you can request an extension of your deadline directly through the Review Forum.

As a reminder, reviewers remain anonymous throughout the process. Please maintain this confidentiality
when interacting with fellow reviewers. You can learn more about the review process in our guidelines.

You can contact the handling editor or the editorial office at any point with any questions. For a fast
response, use the chatbot on the Review Forum.

Best regards,
Your Frontiers in Medicine team

Frontiers | Editorial Office - Collaborative Peer Review Team
www.frontiersin.org

Avenue du Tribunal Fédéral 34

1005 Lausanne Switzerland

For technical issues please contact our IT Helpdesk (support@frontiersin.org) or visit our Frontiers Help
Center (helpcenter.frontiersin.org)

MANUSCRIPT DETAILS

Journal: Frontiers in Medicine, section Family Medicine and Primary Care

Association Between Glycated Hemoglobin and Lipid Parameters at the Time

Manuscript title: , . . . . .
of Type 2 Diabetes Mellitus Diagnosis: Evidence From a Regional Cohort

Manuscript ID: 1833588
Authors Raquel Sainz-Prado, Beatriz Rodriguez-Roca, Miren Idoia Pardavila-Belio,
u :
Paula Rojas-Garcia, Félix Rivera-Sanz and Elena Andrade-Gémez
Edited by: Ambar Kulshreshtha

If you encounter any technical issue, contact support@frontiersin.org, with HL9VYChoBO7uBQW as reference.


https://links.email.frontiersin.org/ls/click?upn=u001.qPvnClRwyVsaBj5SNX-2FU6vqMabS-2FCidKXTn-2BjBsec01G6ObxWMDSzJxHpxWG-2FoNYMCcdzUE3JxEa6-2FCBsPTP4JkUUE-2FYLx9ByrF8j1Z8Hi2-2FG5Qp0-2FGaxq-2Bp6fqAhFiCBX1g_HwqELtu1oKXIH5dA7GLbpJASSrxL18Fb1tu7KhWAWjDEzMF5dHVm0uFGFluB495h-2BDCbC76NXYXaNPMzr6NA3G-2BUWFuZJ4gVuer-2BBcazMHXMPcNBSY7MuBT2xb-2BE2hn-2F7SLvTmKupX5rWgmpr8rFx-2BtQO8Y8xi3gk0WOxEVqGTUDayzvCaPR69Q8iVqEIBpr9bCvdbzIhfxZVuQD5eicAnbO5tv3sZp7dah1seUgRDPKM6KewKOL-2F53hrMna1Z9CuiTo81nfmioFPATgKV9hEaeXa5pmh7Mo7FlenLOnMwRVwnZLeSAdwZUGr0lTgmM8b7m-2BQjEOzvuDC0DtD8bjzjVbYp8XpTYVqiJeGv6qA08iuhMWSJ5BUCzG2ALV7gJKNJGeUHmq4q5sugZVCYcA5w-3D-3D
https://links.email.frontiersin.org/ls/click?upn=u001.qPvnClRwyVsaBj5SNX-2FU6vqMabS-2FCidKXTn-2BjBsec01G6ObxWMDSzJxHpxWG-2FoNYMCcdzUE3JxEa6-2FCBsPTP4JkUUE-2FYLx9ByrF8j1Z8Hi2-2FG5Qp0-2FGaxq-2Bp6fqAhFiCnX-h_HwqELtu1oKXIH5dA7GLbpJASSrxL18Fb1tu7KhWAWjDEzMF5dHVm0uFGFluB495h-2BDCbC76NXYXaNPMzr6NA3G-2BUWFuZJ4gVuer-2BBcazMHXMPcNBSY7MuBT2xb-2BE2hn-2F7SLvTmKupX5rWgmpr8rFx-2BtQO8Y8xi3gk0WOxEVqGTUDayzvCaPR69Q8iVqEIBprNsUdFLDnNF-2FsbOyqqYB2NNgiHd52xNDMpcaYoId2j7LeKh5RMcf-2FnjMcJr3qzq5cyLRwhlawagRXkiT-2BXeU-2BTsTddf51ae5BmPo1y29NmdZSRJ-2BuIEbQzKXfeDIr9eCO7F2Lxh1tlx2S8VA9OfMLY2ey5NgjdlMejc0hYij4KIwLUyij0PTx69tmbEqImO4cR2cIughLWW4hJIn17KVOfw-3D-3D
https://links.email.frontiersin.org/ls/click?upn=u001.qPvnClRwyVsaBj5SNX-2FU6vqMabS-2FCidKXTn-2BjBsec01G6ObxWMDSzJxHpxWG-2FoNYMCcdzUE3JxEa6-2FCBsPTP4JkUUE-2FYLx9ByrF8j1Z8Hi2-2FG5Qp0-2FGaxq-2Bp6fqAhFiCnX-h_HwqELtu1oKXIH5dA7GLbpJASSrxL18Fb1tu7KhWAWjDEzMF5dHVm0uFGFluB495h-2BDCbC76NXYXaNPMzr6NA3G-2BUWFuZJ4gVuer-2BBcazMHXMPcNBSY7MuBT2xb-2BE2hn-2F7SLvTmKupX5rWgmpr8rFx-2BtQO8Y8xi3gk0WOxEVqGTUDayzvCaPR69Q8iVqEIBprNsUdFLDnNF-2FsbOyqqYB2NNgiHd52xNDMpcaYoId2j7LeKh5RMcf-2FnjMcJr3qzq5cyLRwhlawagRXkiT-2BXeU-2BTsTddf51ae5BmPo1y29NmdZSRJ-2BuIEbQzKXfeDIr9eCO7F2Lxh1tlx2S8VA9OfMLY2ey5NgjdlMejc0hYij4KIwLUyij0PTx69tmbEqImO4cR2cIughLWW4hJIn17KVOfw-3D-3D
https://links.email.frontiersin.org/ls/click?upn=u001.qPvnClRwyVsaBj5SNX-2FU6vqMabS-2FCidKXTn-2BjBsec01G6ObxWMDSzJxHpxWG-2FoNYMCcdzUE3JxEa6-2FCBsPTP4JkUUE-2FYLx9ByrF8j1Z8Hi2-2FG5Qp0-2FGaxq-2Bp6fqAhFiCnX-h_HwqELtu1oKXIH5dA7GLbpJASSrxL18Fb1tu7KhWAWjDEzMF5dHVm0uFGFluB495h-2BDCbC76NXYXaNPMzr6NA3G-2BUWFuZJ4gVuer-2BBcazMHXMPcNBSY7MuBT2xb-2BE2hn-2F7SLvTmKupX5rWgmpr8rFx-2BtQO8Y8xi3gk0WOxEVqGTUDayzvCaPR69Q8iVqEIBprNsUdFLDnNF-2FsbOyqqYB2NNgiHd52xNDMpcaYoId2j7LeKh5RMcf-2FnjMcJr3qzq5cyLRwhlawagRXkiT-2BXeU-2BTsTddf51ae5BmPo1y29NmdZSRJ-2BuIEbQzKXfeDIr9eCO7F2Lxh1tlx2S8VA9OfMLY2ey5NgjdlMejc0hYij4KIwLUyij0PTx69tmbEqImO4cR2cIughLWW4hJIn17KVOfw-3D-3D
http://www.frontiersin.org/
https://www.google.com/maps/search/Avenue+du+Tribunal+F%C3%A9d%C3%A9ral+34?entry=gmail&source=g
mailto:support@frontiersin.org
http://helpcenter.frontiersin.org/
mailto:support@frontiersin.org

',\' frontiers

Association Between Glycated
Hemoglobin and Lipid Parameters at the
Time of Type 2 Diabetes Mellitus
Diagnosis: Evidence From a Regional
Cohort

Raquel Sainz-Prado 2, Beatriz Rodriguez-Roca® #*, Miren Idoia Pardavila-Belio® 8, Paula Rojas-

Garcia7, Félix Rivera-Sanzs, Elena Andrade-Gémez®

1Department of Nursing, University of La Rioja, 26004, Logrofio, La Rioja, Spain, 2Oncology Unit of Hospital
San Pedro, La Rioja Health Service, 26006, Logrofio, La Rioja, Spain, 3Department of Physiatry and Nursing,
Faculty of Health Sciences, University of Zaragoza, C/Domingo Miral s/n, 50009, Zaragoza, Spain, 4SAPIENF
(B53_23R) Research Group, Faculty of Health Sciences, University of Zaragoza, Zaragoza, Spain, 5School of
Nursing, Community, Maternity and Pediatric Nursing, University of Navarra, Pamplona, Spain, GldiSNA,
Navarra Institute for Health Research, Pamplona, Spain, 7Depar’[ament of Economics and Business, University
of La Rioja, La Rioja, Logrofio, La Rioja, Spain, 8Data Science Unit, Fundacion Rioja Salud, Logrofio, La Rioja,

Spain, 9Department of Nursing, University of La Rioja, 26004, Logrofio, La Rioja, Spain
Submitted to Journal:
Frontiers in Medicine

Specialty Section:
Family Medicine and Primary Care

Article type:
Original Research Atrticle

Manuscript ID:
1833588

Received on:
18 Mar 2026

Journal website link:
www.frontiersin.org



http://www.frontiersin.org/

'." frontiers

Scope Statement

Type 2 diabetes mellitus (T2DM) is strongly associated with cardiovascular disease, yet evidence on the relationship between glycemic
control and lipid profile at the time of diagnosis remains limited. This study provides evidence from a large regional cohort of newly diagnosed
T2DM patients, examining the association between glycated hemoglobin (HbA1c) and lipid parameters at disease onset. Our findings show
that higher HbA1c levels were independently associated with a more atherogenic lipid profile, characterized by increased total cholesterol and
triglycerides and reduced HDL cholesterol. These results suggest that cardiovascular risk may already be present at the earliest stages of
T2DM and underscore the importance of early, comprehensive metabolic assessment. By identifying HbAlc as a marker linked to adverse
lipid patterns at diagnosis, the study supports integrated and individualized management strategies addressing both glycemic control and
cardiovascular risk from the outset. This evidence is particularly relevant to clinical practice, contributing to improved early risk stratification
and preventive care in patients with T2DM, and aligns with the aims of Frontiers in Medicine.
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Abstract

Word count: 200

Type 2 diabetes mellitus (T2DM) is associated with lipid abnormalities that increase cardiovascular risk; however, evidence regarding this
relationship at diagnosis is limited. This study aimed to examine the association between glycated hemoglobin (HbAlc) and lipid parameters
at the time of T2DM diagnosis. A retrospective cross-sectional study included 3,501 newly diagnosed T2DM patients treated within the
Riojano Health Service between 2019 and 2025. Spearman correlations and linear regression were used to assess associations between
HbA1c and lipid parameters. The study was approved by the Research Ethics Committee of La Rioja (CEImMLAR, PI 778). HbAlc was
positively correlated with total cholesterol (TC) (p = 0.043; p <0.05), low-density lipoprotein cholesterol (LDL-C) (p = 0.044; p<0.05) and
triglycerides (TG) (p = 0.217; p <0.001), and inversely correlated with high-density lipoprotein cholesterol (HDL-C) (p =-0.213; p <0.001). In
linear regression adjusted for age, sex, and body mass index (BMI), higher HbAlc was associated with increased TC, TG and decreased
HDL-C. These findings highlight that at diagnosis, higher HbA1c levels are associated with a more atherogenic lipid profile, emphasizing the
importance of early metabolic assessment and comprehensive cardiovascular risk management, with an essential role for nursing in early
intervention, patient education and prevention.
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Abstract

Background and Objectives. Type 2 diabetes mellitus (T2DM) is associated with lipid abnormalities
that increase cardiovascular risk; however, evidence regarding this relationship at diagnosis is limited.
This study aimed to examine the association between glycated hemoglobin (HbAlc) and lipid
parameters at the time of T2DM diagnosis.

Methods. A retrospective cross-sectional study included 3,501 newly diagnosed T2DM patients
treated within the Riojano Health Service between 2019 and 2025. Spearman correlations and linear
regression were used to assess associations between HbAlc and lipid parameters. The study was
approved by the Research Ethics Committee of La Rioja (CEImLAR, PI 778).
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Results. HbA1c was positively correlated with total cholesterol (TC) (p = 0.043; p <0.05), low-density
lipoprotein cholesterol (LDL-C) (p = 0.044; p<0.05) and triglycerides (TG) (p =0.217; p <0.001), and
inversely correlated with high-density lipoprotein cholesterol (HDL-C) (p=-0.213; p <0.001). In linear
regression adjusted for age, sex, and body mass index (BMI), higher HbAlc was associated with
increased TC, TG and decreased HDL-C.

Conclusion. At diagnosis, higher HbAlc levels were associated with a more atherogenic lipid
profile—higher TC and TG, and lower HDL-C—highlighting the importance of early metabolic
assessment and comprehensive cardiovascular risk management, with an essential role for nursing in
early intervention, patient education and prevention.

1 Introduction

Type 2 diabetes mellitus (T2DM) is a metabolic disorder characterized by chronic hyperglycemia
resulting from impaired insulin secretion, impaired insulin action, or both (1). It is one of the most
prevalent chronic diseases worldwide, currently affecting more than 463 million people, with
projections estimating that this number will exceed 690 million by 2045 (2).

Individuals with T2DM present a two- to fourfold higher risk of cardiovascular disease (CVD)
compared with general population, positioning CVD as the principal cause of morbidity and mortality
in this group (3) and a major public health burden worldwide. From a population health perspective,
inadequate glycemic control represents a key modifiable determinant of CVD risk, with glycated
hemoglobin (HbAlc) functioning as a standardized epidemiological indicator of long-term
hyperglycemia over the preceding 2—3 months and demonstrating a robust and consisted association
with cardiovascular outcomes (4,5).

Sustained hyperglycemia contributes to CVD through multiple pathophysiological mechanisms,
including insulin resistance, low-grade chronic inflammation, endothelial dysfunction, and
microvascular damage mediated by advanced glycation end-products (6,7). From a public health
perspective, these mechanisms underpin the high population-attributable risk of cardiovascular
complications associated with T2DM, especially when hyperglycemia remains undetected or poorly
controlled. T2DM commonly coexists with other metabolic disturbances such as dyslipidemia and
hypertension, which cluster at the population level and synergistically amplify cardiometabolic risk

2).

The characteristic dyslipidemia of T2DM includes elevated triglycerides (TG), increased small dense
LDL particles, and reduced HDL cholesterol (HDL-C), forming a highly atherogenic profile (8,9).
These lipid abnormalities are highly prevalent in real-world clinical populations and represent a key
target for early cardiovascular risk reduction strategies. Hyperglycemia and insulin resistance modify
lipid metabolism and promote the accumulation of atherogenic lipoproteins, contributing to the early
development of subclinical atherosclerosis (10).

The role of nursing is essential in early detection, comprehensive assessment, and initial management
of patients with T2DM, particularly at the time of diagnosis when metabolic alterations may go
unnoticed (11). From a clinical perspective, nursing professionals play a key role in screening,
surveillance a longitudinal monitoring glycemic and lipid parameters, identifying cardiovascular risk
factors, and providing therapeutic education aimed at enhancing adherence to both pharmacological
and non-pharmacological treatments (12,13). Evidence shows that nurse-led self-management
education programs are effective in improving glycemic control and even lipid-related outcomes,
underscoring the importance of nursing involvement in metabolic risk reduction (13). In addition,
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nursing contributes substantially to the promotion of healthy lifestyles -including healthy eating,
physical activity, and self-care behaviors- which are essential for improving metabolic control and
reducing the progression toward an atherogenic lipid profile (14). Due to their continuous close contact
with patients and their ability to deliver individualized interventions, nurses are strategically positioned
to implement early preventive measures and support an integrated and effective management of T2DM
from the very beginning of the diagnostic process (11,14,15).

Despite the high prevalence of T2DM and its strong association with CVD, evidence from our context
is limited regarding the metabolic profile of newly diagnosed patients, particularly the relationship
between early glycemic control and lipid alterations. Understanding this interaction at the initial stages
of the disease trajectory is crucial for informing therapeutic strategies and reducing future
cardiovascular risk.

Therefore, this study aimed to explore the relationship between HbAlc levels and lipid parameters in
a retrospective cohort of newly diagnosed T2DM patients, providing evidence to support early,
prevention-oriented clinical decision making at the time of diagnosis.

2 Methods

2.1 Study Design

A retrospective cross-sectional study was conducted using routinely collected clinical and biochemical
data from patients newly diagnosed with type 2 diabetes mellitus (T2DM). Baseline information
corresponding to the time of diagnosis was obtained from electronic medical records of the Riojano
Health Service (Servicio Riojano de Salud, SERIS). The study included diagnoses recorded between
2019 and 2025.

2.2 Population

The study included 3,501 individuals with a diagnosis of T2DM registered in SERIS. Eligible
participants were identified using the International Classification Diseases, 10th revision (ICD-10)
Code E11. The final sample size was determined by the availability of medical records meeting the
predefined inclusion and exclusion criteria during the study period.

2.3 Inclusion criteria

. Residence in the Autonomous Community of La Rioja.
. Diagnosis of T2DM based on ICD-10 code E11, confirmed by at least one of the following
criteria:

o HbAIc > 6.5% (48 mmol/mol) in two separate tests
o Fasting plasma glucose > 126 mg/dL in two separate tests
. Age > 18 years

2.4 Exclusion criteria (ICD-10)

. Pregnancy

. Ongoing cancer treatment

. Alzheimer’s disease, dementia, or severe cognitive impairment

. Heart failure (New York Heart Association (NYHA) class III-1V)
. Left ventricular ejection fraction (LVEF) <40%

. Severe functional limitations due to peripheral arterial disease
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2.5 Data sources and data collection

Data were extracted from electronic medical record by the Data Science, Big Data and Artificial
Intelligence Unit (UCIDA) of SERIS Information between 2019 and 2025.

Study variables

All sociodemographic, clinical, and biochemical variables were obtained from patients' medical
records.

Sociodemographic variables:

Sex, date of birth, age, city and country of origin, rural/urban residence, primary care center, health
district, and history of anxiety or depression.

Clinical variables:

Date of diabetes diagnosis, body mass index (BMI; kg/m?), systolic blood pressure (SBP), and diastolic
blood pressure (DBP). Clinical measurements were collected from forms within a maximum of 60 days
from the diagnosis date.

Biochemical variables:

Glucose, total cholesterol (TC), low-density lipoprotein cholesterol (LDL-C), high-density lipoprotein
cholesterol (HDL-C), triglycerides (TG) and glycated hemoglobin (HbAIc). Biochemical variables
corresponded to the laboratory test closest to the diagnosis date, within a maximum window of 60 days.

2.6 Ethical Considerations

The study was conducted in accordance with the principles of the Declaration of Helsinki and
applicable national and institutional regulations on human subject research. Informed consent from
patients was not required, as only fully anonymized data from medical records were used.

Data were provided by the Data Science, Big Data, and Artificial Intelligence Unit (UCIDA) of the
public health system of La Rioja, within the framework of a project approved by the Research Ethics
Committee of La Rioja (CEImLAR, PI 778, September 2025). Patient data were coded and handled in
compliance with current legislation on data protection and used exclusively for research purposes.

2.7 Statistical Analysis

Statistical analyses were conducted using IBM SPSS Statistics version 28.01.1 (16). Qualitative
variables were described as frequencies and percentages (n, %); quantitative variables were
summarized as mean + standard deviation (SD).

The distribution of continuous variables was evaluated using graphical methods and tests of normality.
Differences in lipid parameters across clinically relevant HbAlc categories were assessed using one-
way analysis of variance (ANOVA) for TC, LDL-C, and HDL-C, and the Kruskal-Wallis test for TG.

Associations between HbAlc and lipid parameters were initially explored using Spearman correlation
coefficients. To account for potential confounding, multiple linear regression models were performed

This is a provisional file, not the final typeset article
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using HbA 1¢ as the main predictor of lipid profile variables, adjusting for age, sex, and BMI. Statistical
significance was set at p < 0.05, with a 95% confidence level.

3 Results

A total of 3,504 patients were initially identified. Three patients were excluded due to missing
laboratory data, resulting in a final sample of 3,501 patients included in the analysis (Fig. 1).

Of the 3,501 patients included, not all laboratory parameters were available for every participant.
Additionally, extreme or implausible values were excluded from the analyses to minimize potential
errors. Therefore, the number of participants with available data for each biochemical variable varied.

Fig. 1. Flow diagram of participant selection for the cross-sectional analysis.
3.1 General characteristics

The study included 3,501 patients with a mean age of 67.9 + 12.94 years; 56.2% were men and 43.8%
were women. The majority (84.6%) were from Spain, whereas 15.4% were from other countries. Most
patients (67%) lived in urban areas, while 33% resided in rural settings (Table 1).

Table 1. Sociodemographic characteristics (n = 3,501).

Regarding the distribution of diagnoses over time, 15.1% of patients were diagnosed with T2DM in
2019, 14.3% in 2020, 15.9% in 2021, 17.8% in 2022, and 17.1% in 2023. A marked decrease was
observed in 2024, which persisted into 2025, with 9.9% of diagnoses occurring in each year.

3.2.  Clinical and biochemical parameters

Table 2 presents the mean values, standard deviations, and number of valid observations for the main
clinical and biochemical variables, including glucose, HbAlc, lipid profile, BMI, and blood pressure,
stratified by sex and for the total population.

Table 2. Clinical and biochemical parameters in men, women, and the total population.

Among the 2,903 patients with available HbAlc at diagnosis, 26.4% had values between 7.0% (53
mmol/mol) and 8.9% (74 mmol/mol), and 12.4% had HbAlc >9% (75 mmol/mol). TG data were
available for 1,508 patients at diagnosis. Among these, 668 patients (44.3%) had TG levels between
150 and 200 mg/dL and 840 patients (55.7%) had values >200 mg/dL.

3.3. Lipid profile according to HbAlc categories

When lipid parameters were analyzed according to clinically relevant HbAlc categories (Table 3), a
progressive worsening of the lipid profile was observed with increasing HbAlc levels. Higher HbAlc
categories were associated with higher TC, LDL-C and TG levels, together with lower HDL-C values.
These differences remained statistically significant across HbA1c groups for TC, HDL-C and TG.

Table 3. Lipid profile according to clinically relevant HbAlc categories.
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3.4. Correlation and regression analysis

Spearman correlation analyses showed a statistically significant but weak positive association between
HbAlc and TC (p = 0.043; p < 0.05), LDL-C (p = 0.044; p < 0.05) and TG (p = 0.217; p < 0.001), as
well as a negative association with HDL-C (p =-0.213; p < 0.001).

Given the generally weak correlations observed, multiple linear regression analyses adjusted for age,
sex, and BMI were performed. HbA 1¢ was independently associated with higher TC and TG levels, as
well as a lower HDL-C (all p < 0.001), whereas its association with LDL-C did not reach statistical
significance.

Sex consistently demonstrated an influence across models, with women presenting higher TC, LDL-C
and HDL-C levels compared with men. Age was negatively associated with TC, LDL-C and TG, while
BMI showed a significant inverse association with HDL-C and a positive association with TG.

These findings indicate that, at the biochemical evaluation performed at the time of T2DM diagnosis,
higher HbAlc levels are independently associated with lipid parameters, after adjustment for age, sex
and BMI (Table 4).

Table 4. Effect of HbAlc, sex, age, and BMI on lipid parameters: Adjusted multiple linear regression
results.

4 Discussion

This study examined the relationship between glycemic control and lipid profile in a cohort of 3,504
patients newly diagnosed with T2DM. The mean age of the cohort was 67.9 years, a factor closely
linked to the incidence of diabetes and its complications, likely related to reduced physical activity and
certain lifestyle habits (17,18). The higher prevalence of diabetes in men (56.2%) differs from what
has been reported in other population contexts (19,20). A rise in the number of T2DM diagnoses was
observed in the years immediately following the COVID-19 pandemic, likely related to lifestyle
changes during lockdown including reduced physical activity, poorer dietary habits, increased
consumption of alcohol and tobacco, and sleep disturbances, stress, anxiety, and depression (21-23).
These factors may have contributed to increases in overweight, obesity, and metabolic disorders (24)
in addition to potential metabolic alterations derived from COVID-19 infection itself (25-28).

Although the association between diabetes mellitus and cardiovascular risk is well established (29,30),
the main findings of this study indicate that this relationship is present from the early stages of the
disease. Even at the time of diagnosis, poorer glycemic control—reflected by higher HbAlc levels—
was independently associated with a more atherogenic lipid profile, characterized by higher total TC
and TG, and lower HDL-C levels, consistent with previous studies (31). Specifically, after adjustment
for age, sex and BMI, each 1% increase in HbAlc (=11 mmol/mol) was associated with an increase of
4.25 mg/dL in TC, 15.65 mg/dL in TG, and a decrease of 1.40 mg/dL in HDL-C, reinforcing evidence
that chronic hyperglycemia disrupts lipid metabolism and contributes to cardiovascular risk even
before clinical complications become apparent.

Sex also had a significant influence on the lipid profile: after adjustment, women presented slightly
higher TC, LDL-C and HDL-C levels, in line with previous reports (32,33). This may be related to
decreased estrogen levels after menopause, which have been associated with increases in TC and LDL-
C (34).

This is a provisional file, not the final typeset article
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The absence of a significant association between HbAlc and LDL-C concentration in the adjusted
models does not preclude the presence of atherogenic lipid alterations. In T2DM, dyslipidemia is
characterized by elevated TG, reduced HDL-C, and a predominance of small dense LDL particles,
while total LDL-C concentrations often remain within normal ranges (35,36). Previous studies have
similarly reported that HbA1c is not significantly associated with LDL-C levels (37), whereas others
have found positive correlations (38-40); however, these studies differ substantially from ours in terms
of geographical and ethnic context, sample size and population characteristics.

Hypertriglyceridemia, in particular, was closely linked to poor glycemic control, reflecting the severity
of insulin resistance and hepatic lipid overproduction (36). This can be explained by the
pathophysiology of T2DM: insulin facilitates glucose uptake and suppresses lipolysis in adipose tissue
(41). However, in the presence of insulin resistance or deficiency, this response is impaired, increasing
the release of free fatty acids and glycerol into circulation. These substrates are subsequently
transported to the liver, where they promote hepatic synthesis of phospholipids, cholesterol, and TG,
resulting in increased very-low-density lipoprotein (VLDL) production and elevated circulating TG
levels (42,43). Consistent with this mechanism, our findings show that TG levels increase progressively
as HbAlc rises, indicating that hypertriglyceridemia develops early in T2DM and contributes to the
atherogenic lipid profile from the disease onset.

From a clinical practice perspective, these findings reinforce the crucial role of healthcare professionals
in the early identification and management of metabolic alterations in newly diagnosed T2DM patients,
with nurse-led care shown to improve cardiovascular risk profiles and early metabolic detection
(11,15). Given that higher HbA1c levels were associated with a more atherogenic lipid profile, nursing
professionals are positioned to play a proactive role in cardiovascular risk stratification, patient
education, and the implementation of individualized care plans, consistent with evidence showing
superior glycemic control under nurse-led follow-up when compared to conventional care (12,13).
Their participation in structured follow-up, motivational interviewing, and lifestyle counseling is
essential to promote adherence and prevent worsening of dyslipidemia and hyperglycemia, and effect
aligned with meta-analytic data demonstrating that nurse-led self-management education substantially
improves metabolic outcomes (13,14). Furthermore, interventions delivered by nurses that focus on
lifestyle modification, including guidance on healthy eating patterns, increased physical activity, and
effective self-care practices, play a decisive role in strengthening diabetes self-management and have
been shown to positively influence long-term metabolic control (14,15). Taken collectively, these
findings highlight the strategic position of nurses in ensuring continuity of care, promoting early
preventive measures, and facilitating integrated management from diagnosis onward.

The findings of this study have important clinical implications. The positive relationship between
HbA Ic and lipid profile in newly diagnosed T2DM suggests that HbAlc may serve as a biomarker not
only for glycemic control but also for early cardiovascular risk detection. Elevated HbAlc levels,
indicating insufficient glucose regulation, may help identify patients who are more likely to present
lipid abnormalities. This underscores the need for early implementation of integrated therapeutic
strategies—targeted lipid control and lifestyle interventions—that simultaneously address glucose and
lipid metabolism to reduce cardiovascular risk. Collectively, these results contribute meaningful
evidence on the relationship between glycemic and lipid parameters in the population of La Rioja.

This study has some limitations that should be considered when interpreting the results. First, due to
the cross-sectional design, the findings reflect associations at a single point in time, preventing causal
inferences or temporal sequencing between the variables. Second, biochemical and clinical parameters
may have been influenced by unmeasured confounders, such as dietary patterns, intense physical
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activity, stress levels, acute illness, or use of medications that could modify metabolic outcomes. Third,
certain biochemical markers, such as TG, may exhibit temporal variability, and reliance on a single
measurement could introduce information bias and limit estimation precision. Fourth, the number of
observations varied across clinical and biochemical parameters due to incomplete laboratory data,
which may affect the precision of estimates and comparisons between groups. These limitations
highlight the need for caution when interpreting results and suggest that longitudinal research or
repeated-measure studies are warranted to confirm and expand upon these associations.

Despite the inherent limitations of cross-sectional designs, this study benefits from a large, community-
based cohort of adults aged 20 to 102 years. The substantial sample size and strong representativeness
enhance external validity and provide a robust and generalizable depiction of the sociodemographic
and clinical characteristics of this population. While causality cannot be established, cross-sectional
designs offer valuable insights into the distribution and prevalence of early metabolic alterations and
serve as a solid foundation for generating hypotheses and informing future longitudinal or experimental
research.

5 Conclusion

The findings of this study indicate that, in this predominantly older adult population of mostly Spanish
origin, the lipid profile is significantly influenced by glycemic control, as well as by sex and age.
HbAlc was positively associated with TC and TG, and negatively associated with HDL, while no
significant association was observed with LDL-C. These results reinforce the importance of achieving
adequate glycemic control to reduce cardiovascular risk.

In addition to these findings, the present study highlights the essential role of healthcare professionals
in translating early metabolic assessment into effective clinical action. Nurses are uniquely positioned
to integrate glycemic and lipid data into personalized care strategies, reinforce treatment adherence,
and guide patients in adopting sustainable lifestyle modifications that reduce cardiovascular risk. Their
continuous and multidisciplinary involvement ensures that individuals newly diagnosed with T2DM
receive timely education, monitoring, and support, thereby enhancing the impact of early interventions
on long-term health outcomes. Incorporating nursing-led approaches into initial diabetes management
may therefore strengthen preventive efforts and improve the overall quality of care.

From a clinical perspective, these results highlight the need for early and comprehensive cardiovascular
risk assessment in patients with newly diagnosed T2DM—one that integrates both glycemic control
and detailed lipid profiling. Early identification of unfavorable lipid patterns would allow the
implementation of timely preventive and therapeutic strategies aimed at reducing cardiovascular risk
and improving overall disease management. This underscores the relevance of personalized, risk-based
approaches to care in T2DM.

6 Abbreviations

BMI: body mass index

CVD: cardiovascular disease

HDL-C: high-density lipoprotein cholesterol
HbAIc: glycated hemoglobin

LDL-C: low-density lipoprotein cholesterol
SD: standard deviation

TC: total cholesterol

TG: triglycerides
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Table 1. Sociodemographic characteristics (n = 3,501).

Variable Mean £ SD N (%)
Age (years) 67.9+12.94 —
Sex
Men — 1,967 (56.2%)
Women — 1,534 (43.8%)
Country of origin
Spain — 2,750 (84.6%)
Other countries — 499 (15.4%)
Residence
Urban — 2,345 (67%)
Rural — 1,156 (33%)

Table 2. Clinical and biochemical parameters in men, women, and the total population.

Variable Total Mean = SD (N) Men Mean + SD (N) Women Mean £ SD (N)

Glucose (mg/dL) 157,19 + 53.82 (3,308) 159.98 + 55.83 (1,865) 153.58 + 50.90 (1,443)

7.3 £1.55 (56 mmol/mol) 7.4+ 1.63 (57 mmol/mol) 7.2 £1.45 (55 mmol/mol)

HbAlc (%)

(2,898) (1,630) (1,268)
TC (mg/dL) 191.93 4373 (3,107) 18717 +44.72 (1,757) 198'(112;; 8‘)1'61
LDL-C (mg/dL) 10949 +36.02(2,728)  107.18 £36.40 (1,517)  112.37+35.33 (1,211)
HDL-C (mg/dL) 4832+ 12.82 52.03 + 13.08
(2.095) 4547+ 11.87 (1,697) (1.298)
TG (mg/dL) 180.06 + 117.33 170.35 + 87.75
g 175.84 % 105.59 (3,010) (1702) (1308)
BMI (kg/m?) 31.84+5.35 31.65+4.98 32.08+5.81
(827) (471) (356)
SBP (mmHg) 136.53 + 16.68 134.07 + 16.08
135.29 + 16.45 (1,299) 716) 553)
DBP (mmHg) 78.70 + 10.45 79.96 + 10.75 77.17+9.88
(1,276) (700) (576)

HbA ¢ = glycated hemoglobin, TC = total cholesterol, LDL-C = low-density lipoprotein cholesterol, HDL-C = high-density lipoprotein
cholesterol, TG = triglycerides, BMI = body mass index, SBP = systolic blood pressure, DBP = diastolic blood pressure.

Table 3. Lipid profile according to clinically relevant HbAlc categories

Total cholesterol LDL-C (mg/dL) HDL-C (mg/dL) Triglycerides (mg/dL)

HbAlc (mg/dL) Mean + SD Mean £ SD Mean £+ SD Mean + SD
category
N) ) ) ™)
<7.0 % 188.74 +41.34 107.68 +35.21 50.55+12.70 156.18 + 86.99
e (1,656) (1,531) (1,606) (1,610)
7.0-8.9 ¥ 191.53 £43.77 108.95 +£36.01 45.68 £12.28 188.96 = 104.49
e (729) (629) (709) (711)
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Total cholesterol

LDL-C (mg/dL)

HDL-C (mg/dL)

Triglycerides (mg/dL)

HbAlc (mg/dL) Mean + SD Mean £+ SD Mean £+ SD Mean £+ SD
category

™) ™) ) ™)
>9.0% 204.30 £47.52 116.49 +£37.64 42.63 £11.08 230.70 £ 139.71
=70 (351) (269) (342) (335)
p-value <0.001 0,264 <0.001 <0.001

449 Differences across HbAlc categories were tested with one-way ANOVA for total cholesterol, LDL and HDL cholesterol, and the
450 Kruskal-Wallis test for TG.

451 Table 4. Effect of HbAlc, sex, age, and BMI on lipid parameters: Adjusted multiple linear regression
452  results.

Dependent Variable R? Predictor B p

TC 0.106 HbAlc 425  <0.001
Sex 19.76  <0.001
Age -0.55 <0.001
BMI -0.49  0.119

LDL-C 0.057 HbAlc 1.67  0.080
Sex 10.47 <0.001
Age -0.54 <0.001
BMI -0.41 0.139

HDL-C 0.120 HbAlc -1.40 <0.001
Sex 6.07 <0.001
Age 0.06 0.090
BMI -0.22  0.018

TG 0.116 HbAlc 15.65 <0.001
Sex 8.28 0.264
Age -1.011 0.001
BMI 1.535 0.034

453 B = unstandardized coefficient; p-values in bold indicate statistical significance (p < 0.05). Sex coded as 0 = male, 1 = female.
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