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Purpose: Renal dysfunction and vertebral fracture are both common in patients with type 2 diabetes mellitus (T2DM). However, the
association between renal dysfunction and vertebral fracture has rarely been evaluated longitudinally. In this longitudinal study, we
evaluated the associations between different subtypes of renal dysfunction and vertebral fracture (VF) in patients with type 2 diabetes.
Methods: This study recruited T2DM patients aged 50 years or older whose computed tomography (CT) imaging screening revealed
no VFs from January 2019—December 2021. The participants were followed up annually until January 2024. The Genant score was
used to define new-onset VFs. The renal dysfunction phenotypes were as follows: no renal dysfunction, estimated glomerular filtration
rate (eGFR) decline or proteinuria, and eGFR decline + proteinuria. Cox proportional hazards models were used to assess the
association between renal dysfunction and VF.

Results: A total of 135 patients developed new VFs over a median follow-up period of two years. A total of 270 patients without
fractures were matched according to follow-up time and body mass index. Bone CT attenuation (HU) (adjusted hazard ratio (HR) =
0.97, 95% confidence interval (CI) 0.99-0.99) was independently associated with VF. eGFR decline or proteinuria and eGFR decline +
proteinuria were associated with VF (adjusted HR = 1.98, 95% CI 1.35-2.92; adjusted HR = 2.53, 95% CI 1.30-4.92). Subgroup
analyses revealed associations in women, patients without accompanying neuropathy, patients without vascular lesions, and patients
who did not receive insulin therapy. The addition of renal dysfunction improved the area under the curve of the clinical model from
0.817 (95% CI: 0.78-0.85) to 0.839 (95% CI: 0.80-0.87) (p < 0.05).

Conclusion: Renal dysfunction was associated with VF in patients with T2DM. The addition of renal dysfunction improved the
ability of bone mass to predict VF.
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Introduction

Diabetes is a worldwide public health issue. It has many negative effects on an individual’s overall health,' including
damage to bone health.>* Studies have shown that people with diabetes have a significantly increased risk of fracture
compared with the general population.* ® In addition, diabetic nephropathy (DKD), a typical microvascular complication
of diabetes mellitus, is a serious threat to the health of diabetic patients and increases morbidity and mortality.” Diabetic
nephropathy not only leads to a gradual decline in renal function and eventually leads to end-stage renal disease
(ESRD),” which requires dialysis or kidney transplantation but also increases cardiovascular risk.® It has been shown

that 20% to 40% of diabetic patients may develop diabetic nephropathy during the course of their disease.’

Diabetes, Metabolic Syndrome and Obesity 2025:18 1915-1924 1915
Received: 4 March 2025 © 2025 Hu et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms.php
AT 2nd incorporate the Creative Commons Attribution — Non Commercial (unported, v4.0) License (http://creativecommons.org/licenses/by-nc/4.0/). By accessing the work

Accepted: 27 May 2025
Published: 11 June 2025

you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).


http://orcid.org/0009-0004-8008-3199
http://www.dovepress.com/permissions.php
https://www.dovepress.com/terms.php
http://creativecommons.org/licenses/by-nc/4.0/
https://www.dovepress.com/terms.php
https://www.dovepress.com

Hu et al

Chronic kidney disease (CKD) is associated with an increased risk of bone disease and fracture, and the incidence of
fracture increases with declining kidney function.” With the decline in renal function and interactions with bone and
blood vessels, disorders of mineral metabolism emerge, leading to the clinical syndrome of chronic kidney disease-
mineral and bone disease (CKD-MBD). Protein urine is the main clinical hallmark of DKD, which is different from
CKD. However, the association between renal dysfunction and the risk of fracture in diabetes patients has not been well
studied. A cross-sectional study demonstrated that diabetic kidney disease was associated with fracture risk in T1IDM
patients'® but not in T2DM patients. However, a longitudinal study in Korea revealed that the renal dysfunction subtype
was associated with the risk of hip fracture in T2DM patients.* These conflicting results indicate that further studies are
needed. In addition, 60 mL/min/1.73 m? is usually used to define CKD. However, for T2DM patients, an eGFR less than
90 mL/min/1.73 m? may also be a clinical means. However, few studies have investigated the role of an eGFR less than
90 mL/min/1.73 m? in the treatment of bone fractures. Moreover, the relationship between renal dysfunction and spine
fracture in patients with T2DM has not been well studied. We hypothesized that T2DM-associated renal decline may be
associated with vertebral fractures. Therefore, the aim of this longitudinal study was to determine the relationship
between renal function and vertebral fractures in a Chinese population with T2DM who underwent CT screening.

Materials and Methods
Study Participants

The ethics committee reviewed the study and approved exemption from full ethics review, as it is a secondary analysis of
the existing dataset, which is consistent with the policies outlined in the Measures of Ethical Review of Life Science and
Medical Research Involving Humans. All the data generated or analyzed during the study are included in the published
paper. T2DM patients aged 50 years or older who did not have VFs and who underwent CT for screening between
January 2019 and December 2021 at our institution were eligible for inclusion in this study. Those with a medical history
of malignant tumors, severe liver dysfunction (twofold elevation in functional biomarkers or/or medical history),
pathological fracture, long-term use of steroids, Nutcracker syndrome and those receiving anti-osteoporosis therapy
were excluded. A total of 768 participants were followed up annually until January 2024. Chronic kidney disease was
defined on the basis of an estimated glomerular filtration rate < 90 mL/min/1.73 m?. Diabetes mellitus (DM) and liver
dysfunction are defined as follows: serum biomarkers or medical history. For participants with new fractures, follow-up
ended when the fracture occurred. One hundred and thirty-five cases of spine fracture were observed during the follow-
up. A total of 270 patients were matched as a nonfracture control population at a ratio of 1:2.

Patient Data Collection

Detailed information on the data collection was reported in our previous study.'' Briefly, the following data were
retrospectively collected: 1) general information, including sex, age, smoking, alcohol consumption, biological use, and
insulin treatment; and 2) laboratory tests, including aspartate aminotransferase (AST), albumin, alkaline phosphatase
(ALP), hemoglobin, creatinine, blood glucose, high-density lipoprotein cholesterol (HDL-c), low-density lipoprotein
cholesterol (LDL-c), total cholesterol (TC), triglyceride (TG), and triglyceride glucose (TYG54) levels.

Definition of Renal Dysfunction and Vertebral Fracture
We classified the renal function phenotype by the presence of proteinuria and the estimated glomerular filtration rate
(eGFR).* As follows: without renal dysfunction, eGFR decline or proteinuria, eGFR decline + proteinuria.

Vertebral fracture (VF) was defined by computed tomography (CT) Genant grade scoring. When the height loss of the
vertebral body was greater than 20%, fracture was considered in the present study. The vertebral fracture was evaluated
by two radiologists. Fracture was considered if both of them considered a fracture present or if they disagreed, and the
third radiologist considered a fracture present.
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Statistical Analysis

Statistical analyses were performed via the commercial software SPSS (version 22.0.) or R (version 4.6.1). The data are
shown as the means + standard deviations (SDs) or numbers (percentages). Mann—Whitney U-test, Student’s ¢ test, or
chi—square test. For missing data, multiple imputation was used for data substitution. Subgroup analyses were performed
for women, men and patients older than 60 years. Subgroup analyses revealed associations mainly in women and in
patients with or without accompanying neuropathy or vascular lesions or who received insulin therapy. The association
between renal dysfunction and VF was evaluated by Cox regression analysis. Age, bone mass, sex, liver function,
smoking and drinking habits, vascular disease, neuropathy, insulin treatment and the serum ALB level were confounders.
The ability of renal dysfunction to predict VF was evaluated by both Cox regression and logistic regression-based
receiver operating characteristic (ROC) analysis (SPSS). The DeLong test was used to compare the area under the ROC
curve (AUC). The sample size was estimated via PASS software, with B = 0.90 and a = 0.05. A hazard ratio (HR) of 3
was used because a previous study reported that the HR was 3.21 in patients with an eGFR decline + proteinuria.* The
estimated sample size was 340—440 at a power of 0.86-0.93. A P value < 0.05 indicated statistical significance.

Results

General Information

One hundred and sixty-three patients had combined renal dysfunction, and 242 patients did not have renal dysfunction.
The differences in the general data of T2DM patients with and without renal dysfunction are shown in Table 1. The age
of patients without renal dysfunction was significantly lower than that of patients with renal dysfunction (73.13 £ 8.09 vs

Table | Baseline Characteristics of the Patients

Total Without Renal Renal P

(n = 405) Dysfunction (n = 242) Dysfunction (n = 163)
Age (years) 73.86 + 8.25 73.13 £ 8.09 74.96 + 8.39 0.015
Sex (men/women) 148/257 83/159 65/98 0.25
Smoke 94 (23.2%) 35 (14.5%) 59 (36.2%) <0.001
Drinking 38 (9.4%) 13 (5.4%) 25 (15.3%) <0.001
Bone CT attenuation (HU) 114.58 + 46.53 119.0 + 46.65 108.9 + 48.08 0.09
AST (U/L) 23.20 £ 19.0 22.52 + 16.88 2420 + 21.82 0.11
Albumin (mmol/L) 39.79 + 5.00 40.23 + 4.53 39.14 + 557 0.001
ALP (mmol/L) 88.37 + 544 83.36 + 43.99 95.83 + 66.36 0.02
Hemoglobin (g/L) 128.0 + 19.8 132.7 £ 17.06 120.8 + 21.39 0.69
Creatinine (mmol/L) 82.20 + 58.09 6681+ 16.19 105.4 + 84.52 0.22
Blood glucose (mmol/L) 8.11 +3.76 7.76 + 3.65 8.64 + 0.39 < 0.001
HDL-c(mmol/L) 1.33 £0.36 1.33 £0.35 1.33 £0.39 < 0.001
LDL-c(mmol/L) 2.52 £ 0.96 2.54 £ 091 248 + 1.02 < 0.001
TC (mmol/L) 439+ 1.34 441 = 1.31 435+ 1.39 < 0.001
TG (mmol/l) 1.49 + 0.88 1.44 £ 0.77 1.57 + 1.03 <0.001
Insulin treatment 207 (51.1%) 123 (50.8%) 84 (51.5%) 0.86
Metformin 181 (44.7%) 130 (53.7%) 51 (31.3%) 0.002
Sulfonylureas 124 (30.6%) 110 (45.5%) 64 (39.2%) 0.77
Proteinuria 147 (36.3%) 0 147 (90.2%) /
eGFR decline (eGFR< 90) 51 (12.6%) 0 50 (31.3%) /
eGFR decline + Proteinuria 34 (8.4%) 0 34 (20.9%) /
Vascular disease 115 (28.4%) 69 (28.5%) 46 (28.2%) 0.99
Neuropathy 99 (24.4%) 65 (26.9%%) 34 (20.9%) 0.17
Coronary artery calcification 322 (79.5%) 188 (77.7%) 134 (82.2%) 0.22
Fracture 155 53 (21.9%) 82 (50.3%) < 0.001

Abbreviations: AST, aspartate aminotransferase; ALP, alkaline phosphatase; CT, computed tomography; HDL-c, high-density lipoprotein cholesterol; HU,
Hounsfield unit; LDL-c, low-density lipoprotein cholesterol; TC, total cholesterol; TG, triglyceride; TYG, triglyceride glucose.
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74.96 + 8.39, p = 0.015). Similar results were observed for smoking (14.5% vs 36.2%, p < 0.001), drinking (5.4% vs
15.3%, p <0.001), ALP (83.36 + 43.99 vs 95.83 £ 66.36, p = 0.02), blood glucose (82 7.76 + 83 3.65 vs 8.64 £ 0.39, p <
0.001), HDL-c (1.33 + 0.35 vs 1.33 +£ 0.39, p < 0.001), TG (1.44 + 0.77 vs 1.57 + 1.03, p < 0.001), and the incidence of
fracture (21.9% vs 50.3%, p < 0.001). The level of albumin in patients without renal dysfunction was significantly greater
than that in patients with renal dysfunction (40.23 + 4.53 vs 39.14 £ 5.57, p = 0.001). Similar results were observed for
LDL-c (2.54 +£ 0.91 vs 2.48 £ 1.02, p < 0.001) and total cholesterol (TC) (4.41 + 1.31 vs 4.35 + 1.39, p < 0.001). There
were no statistically significant differences between the two groups in terms of sex; bone CT attenuation (HU); AST;
hemoglobin; creatinine; insulin treatment; vascular disease; neuropathy; or coronary artery calcification.

Associations Between Renal Dysfunction and Vertebral Fractures

We subsequently investigated the association between renal dysfunction and the risk of vertebral fracture (Table 2). The
cumulative hazard ratio (adjusted for age, sex, bone mass, liver function, smoking and drinking habits) for predicting
proteinuria was 2.04 [95% confidence interval (CI): 1.41-2.94] compared with no proteinuria. After further adjustment
for vascular disease, neuropathy, and insulin treatment, the hazard ratio was 2.00 (95% confidence interval (CI):
1.38-2.91). We defined renal dysfunction as eGFR decline or proteinuria and eGFR decline + proteinuria. The
cumulative hazard curves of the three groups are shown in Figure 1. eGFR decline or proteinuria and eGFR decline +
proteinuria were associated with VF (adjusted HR =1.98, 95% CI 1.35-2.92; adjusted HR = 2.53, 95% CI 1.30-4.92) in
the fully adjusted model.

Subgroup Analysis
Subgroup analyses were performed to determine the associations between proteinuria.

The risk of spine fracture was divided by sex, smoking habits, neuropathy, vascular lesions, and insulin treatment
(Figure 2). The associations with proteinuria were observed in women (HR, 1.95, 95% CI 1.24-3.07), smoking patients

Table 2 Association Between Renal Dysfunction and the Risk of Vertebral Fracture

Model | P Model 2 P
aHR (95% CI) aHR (95% CI)
Proteinuria Age (years) 1.02 (1.00-1.04) 0.11 1.02 (0.99-1.04) 0.24
Gender (men vs women) 0.82 (0.55-1.22 033 0.83 (0.55-1.27) 0.39
Bone CT attenuation (HU) 0.99 (0.98-0.99) < 0.001 0.99 (0.98-0.99) < 0.001
Proteinuria
None | |
Yes 2.04 (1.41-2.94) < 0.001 2.00 (1.38-2.91) < 0.001
Renal dysfunction® Age (years) 1.02 (0.99-1.04) 0.15 1.01 (0.99-1.04) 0.28
Gender (men vs women) 0.81 (0.54-1.21) 0.31 0.83(0.54-1.26) 0.37
Bone CT attenuation (HU) 0.99 (0.98-0.99) < 0.001 0.99 (0.99-0.99) < 0.001
Renal dysfunction
None | |
Yes 1.91 (1.32-2.77) 0.001 1.91 (1.31-2.79) 0.001
Renal dysfunction Age (years) 1.02 (0.99-1.04) 0.14 1.02 (0.99-1.05) 0.08
Gender (men vs women) 0.81 (0.55-1.22) 0.32 0.83 (0.55-1.25) 0.38
Bone CT attenuation (HU) 0.99 (0.98-0.99) < 0.001 0.97 (0.99-0.99) < 0.001
Renal dysfunction
None | |
eGFR decline or Proteinuria 1.98 (1.35-2.91) 0.001 1.98 (1.35-2.92) 0.001
eGFR decline + Proteinuria 1.86 (1.01-3.41) 0.046 2.53 (1.30-4.92) 0.006

Notes: Model | was adjusted for liver function and smoking and drinking habits; Model 2 was further adjusted for vascular disease, neuropathy, antidiabetes treatment and
the serum albumin level. *eGFR decline or proteinuria was regarded as renal dysfunction.
Abbreviations: aHR: adjusted hazard ratio; Cl: confidence interval.
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Figure | The cumulative hazard curve of vertebral fracture divided by different phenotypes of renal dysfunction. (A) with or without proteinuria; (B) with or without renal
function (eGFR decline or proteinuria); (C) without renal dysfunction, eGFR decline or proteinuria and eGFR decline + proteinuria. Log rank test for all three models: p < 0.001.

(HR, 2.72, 95% CI 1.41-5.25), patients without accompanying neuropathy (HR, 1.95, 95% CI 1.31-2.90), those without
vascular lesions (HR, 2.1, 95% CI 1.36-3.24), those who had not received insulin therapy (HR, 2.08, 95% CI 1.28-3.38),
those receiving metformin therapy (HR = 2.27, 95% CI: 1.46-3.50), and those receiving sulfonylureas (HR =3.91, 95%
CI: 2.29-6.68). We also observed similar results between renal dysfunction and VFs (Figure 3).

The Role of Renal Dysfunction in Predicting Fracture

Figure 4A shows the discriminative performance of baseline bone mass, neuropathy, hemoglobin level, insulin treatment
and the combined model for predicting VF risk. The addition of renal dysfunction improved the AUC from 0.82 to 0.84
(AUC, 0.84, 95% CI 0.80-0.87 vs 0.82, 95% CI 0.78-0.85; p = 0.041) (Figure 4A). The time-dependent ROC curve also
revealed that the performance of the combined model was greater than that of the model without renal dysfunction in
predicting the 2—4 year risk of VF (Figure 4B).

Discussion
Renal dysfunction or proteinuria and fracture are both common in T2DM patients. However, the associations between
renal dysfunction phenotypes and the risk of VFs have not been well investigated in longitudinal studies. The present
study included T2DM patients who underwent CT scans, and we found that proteinuria was associated with VFs. In
addition, T2DM patients with renal dysfunction (proteinuria or eGFR decline and proteinuria + eGFR decline) were
associated with VFs. Renal dysfunction also improved the performance of the clinical model in predicting fracture.

People with diabetes face a greater risk of fracture.'>'* High blood glucose levels affect the function of bone cells,
reducing bone formation and enhancing bone breakdown.'>'® This is related mainly to the following factors:>'”'
insulin resistance and persistent hyperglycemia in patients with T2DM can affect bone metabolism, leading to a slowing
of bone tissue renewal; patients with diabetes usually have high levels of systemic inflammation in their bodies, and
a prolonged state of inflammation is detrimental to bone health; and an imbalance between bone formation and resorption
can occur. Studies have shown that bone formation may be inhibited in patients with diabetes, whereas bone resorption is
increased.?’ This imbalance ultimately leads to osteoporosis. In addition, some medications used to treat type 2 diabetes,
such as thioureas and insulin, may affect bone metabolism.>' Moreover, complications of diabetes have long been
associated with the risk of fracture. One of the common complications of diabetes is neuropathy, which reduces the
patient’s sensation of pain and temperature and increases the risk of falls,** which in turn may lead to fractures. Diabetes
may also affect muscle function, reducing muscle strength and coordination,?® which can also increase the likelihood of
falls.

Diabetic kidney disease (DKD) occurs in approximately 20% to 40% of people with diabetes and remains the most
common cause of ESRD in most countries.” There is an association between DKD and fractures. This is mainly because
people with diabetic nephropathy may experience a range of pathological changes that affect bone health. Diabetic
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Variables OR(95%CiI) P
Sex
Men - 1.80 (0.86-3.77) 0.12
Women - 1.95 (1.24-3.07) 0.004
Neuropathy

No —— 1.95 (1.31-2.90) 0.001

Yes i 0.71(0.12-4.37) 0.71
Vascular

No - 2.1 (1.36-3.24) 0.001

Yes ——— 1.77 (0.69-4.52) 0.12
Insulin therapy .

No . 2.08 (1.28-3.38) 0.003

Yes - 1.22 (0.61-2.47) 0.57
Met therapy

No — 2.27 (1.46-3.50) < 0.001

Yes H— 1.99 (0.89-4.47) 0.1
SUS therapy

No ——— 3.91(2.29-6.68) < 0.001

Yes H— 0.95 (0.50-1.80) 0.87
Smoke

No . 1.77 (1.05-2.99) 0.032

Yes ——— 2.72 (1.41-5.25) 0.003

T T 1

05 2 3 4 5
Hazard ratio

Figure 2 Subgroup analyses were performed to determine the associations between proteinuria and the risk of spine fracture divided by sex, smoking habits, neuropathy,
vascular lesions, and insulin, metformin (Met) and sulfonylureas (SUs) treatment.

nephropathy leads to renal hypoplasia, and the kidneys are important sites for vitamin D activation; renal insufficiency
may lead to vitamin D deficiency, which in turn affects calcium absorption and leads to disturbances in calcium and
phosphorus metabolism.>*® These changes can cause osteoporosis and increase the risk of fracture. Diabetes itself is
associated with a chronic inflammatory state, and prolonged hyperglycemia can increase bone resorption and decrease
bone formation, leading to bone loss.?’ Additionally, certain medications used to treat diabetes (eg, insulin, thioureas,
etc.) may affect bone metabolism. Kidney insufficiency (especially in advanced stages) affects the body’s ability to
remove metabolic waste and may also directly or indirectly damage bone tissue.

This study revealed that diabetes patients with DKD had a greater risk of vertebral fracture than diabetes patients
without DKD did, which was consistent with the findings of previous clinical studies.”® More significantly, we also found
that the risk of vertebral fracture in diabetes patients with proteinuria was greater than that in diabetes patients without

proteinuria. Even after adjusting for other confounding factors, proteinuria still has a significant synergistic effect on the
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Variables OR(95%CI) P
Sex
Men H— 1.76 (0.82-3.79) 0.15
Women - 1.90 (1.21-2.99)  0.005
Neuropathy

No —— 1.89 (1.26-2.82)  0.001

Yes - 0.68(0.11-4.19) 0.71
Vascular

No - 1.97 (1.27-3.06)  0.002

Yes S —— 1.75 (0.68-4.98) 0.24
Insulin therapy

No — 2.00 (1.22-3.27)  0.006

Yes = 1.10 (0.54-2.22) 0.79
Met therapy

No — 2.27 (1.46-3.52) < 0.001

Yes - 1.97 (0.87-4.43) 0.1
SUS therapy

No —————— 3 84 (2.25-6.57) < 0.001

Yes H— 0.95 (0.50-1.80) 0.87
Smoke

No —-— 1.68 (1.00-2.82) 0.05

Yes ————— 2.69 (1.38-5.23)  0.004

[ I I I |

05 2 3 4 5
Hazard ratio

Figure 3 Subgroup analyses were performed to determine the associations between renal dysfunction (CKD or proteinuria) and the risk of spine fracture divided by sex,
smoking habits, neuropathy, vascular lesions, and insulin, metformin (Met) and sulfonylureas (SUs) treatment.

increased risk of vertebral fractures, and similar results have been reported in previous studies on hip fractures,’
emphasizing the importance of proteinuria as a predictive factor for fracture risk. In addition, our study suggested that
renal dysfunction should be incorporated into FRAX or other fracture risk calculators in T2DM patients and that early
anti-fracture therapy may be needed in patients with renal dysfunction. Future studies are warranted to validate the
potential benefits of early anti-fracture intervention.

In our study, we also defined renal dysfunction on the basis of both proteinuria and the eGFR. Furthermore, we
analyzed the relationship between renal function grade and the risk of vertebral fracture. We found that renal function,

both proteinuria and eGFR decline and proteinuria + eGFR decline, was associated with the incidence of vertebral
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Figure 4 Two models were developed for predicting vertebral fracture. One model was based on baseline bone mass, neuropathy, renal dysfunction, hemoglobin level, and
insulin treatment (Model 1). Another model did not include renal dysfunction (Model 2). Logistic regression (A) area under the curve (AUC) = 0.839 (95% Cl: 0.80-0.87) vs
0.817 (95% Cl: 0.78-0.85), p = 0.041) and Cox regression (B)-based analyses both revealed that the model with renal dysfunction had better performance.

fractures. In addition, other authors have noted that renal function may also be a significant predictor of hip fractures as
well as other site fractures.* Thus, renal dysfunction can be an important parameter for assessing fracture risk. These
findings suggest that we should strengthen the monitoring and intervention of bone health in the management of patients
with renal dysfunction to reduce the risk of fracture. We also investigated the additive value of renal dysfunction in
predicting fractures. Our data showed that renal dysfunction or proteinuria was associated with VF. Moreover, our data
further showed that the addition of renal dysfunction significantly improved the performance of the clinical model in
predicting VF.

Our study has several limitations. First, the conclusions may be limited by the relatively small number of participants
with VFs and short-term follow-up, so we were unable to conduct a more detailed analysis of the proteinuria group.
Second, we used the CT values of the vertebral bodies instead of the BMD values of the participants, which were not
included in the analysis, as there were no available data. Bone CT attenuation is highly correlated with BMD. Third, bone
quality is also a critical factor for fracture. However, bone quality markers, such as the trabecular bone score, were not
determined in our study. Fourth, we did not explore the specific mechanisms involved in the relationship between renal
dysfunction and fracture. Fifth, kidney function trajectory and other time-varying covariates were not evaluated because
our study aimed to explore the association between baseline renal function and fracture risk. Finally, this study is based
on Chinese population data only; therefore, its conclusions are applicable mainly to that population. This limits the
generalization and application of the findings to populations of other ethnicities backgrounds.

In conclusion, this study demonstrated that DKD is associated with an increased risk of vertebral fractures in patients
with T2DM. The presence of renal dysfunction in patients with T2DM should be considered an additional risk factor for
vertebral fractures. Notably, proteinuria is a major determinant of the early CKD stage. Our findings provide evidence to
further understand the association between renal function and fracture risk and emphasize the importance of assessing

and improving renal function in the clinical setting for fracture prevention.

Abbreviations
BMD, bone mineral density; CI, confidence interval; CT, computed tomography; HR, hazard ratio; IR, insulin resistance;
TBS, trabecular bone score; TyG, triglyceride glucose; T2DM, type 2 diabetes mellitus; VFs, vertebral fractures.
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