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Background: The increased risk of fracture has been associated with weight loss in patients with diabetes or chronic kidney disease. However, the relationship between weight changes over time and fracture risk in patients with diabetic kidney disease is still unknown.

Methods: A total number of 78,922 patients with diabetic kidney disease, aged ≥ 40 years, were selected using the Korean National Health Insurance Service database, between 2009 and 2012. They were followed up until the end of 2018. Weight change was defined as the difference in body weight from the index year to 2 years later. Weight changes were then divided into five categories, ranging from weight loss of ≥10% to weight gain of ≥10%.

Results: Fractures were identified in 9,847 patients with diabetic kidney disease, over a median follow-up of 5.2 years. The risk of composite fracture of the vertebral, hip, or other sites increased as the weight change increased. Specifically, patients with ≥10% weight loss (hazard ratio [HR], 1.286; 95% confidence interval [CI], 1.184–1.398) and ≥10% weight gain (HR, 1.198; 95% CI, 1.080–1.330) showed a higher HR compared to those with ≤ 5% weight change after adjusting for several confounding factors. Higher HR of vertebral and hip fractures was also seen with increased weight loss or gain. In particular, patients with ≥10% weight loss showed the highest HR for hip fractures (HR, 1.738; 95% CI, 1.489–2.028).

Conclusions: Both weight loss and weight gain increase the risk of fracture in patients with diabetic kidney disease. Therefore, patients with diabetic kidney disease who experience weight changes should be made aware of the risk of fracture.
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Introduction

The increasing prevalence of diabetic kidney disease (DKD) parallels the dramatic worldwide rise in the occurrence of diabetes (1, 2). The global leading cause of chronic kidney disease (CKD) is DKD and it is known to develop in approximately 40% of patients with diabetes (1, 3). In later stages, complications and natural history of DKD is different from those of other non-diabetic CKD. For example, anemia often develops earlier in DKD compared to other types of CKD due to the predominant tubulointerstitial nature of DKD (4). Moreover, deaths from cardiovascular disease and infections are highly prevalent in those patients (1, 4).

Bone fractures are concerning events that have devastating health consequences. Although factors such as age, sex, comorbidities, and poor health status play a role, it is the fracture event itself that is responsible for an increased mortality risk (5, 6). Declining kidney function is associated with abnormalities in bone and mineral metabolism that predisposes patients to a greater risk of fractures, particularly hip fractures (7–9). Furthermore, adynamic bone disease accompanies DKD, which can cause lower parathyroid hormone levels because advanced glycation end products inhibit parathyroid hormone secretion (10), and thereby result in an increased risk of fragility fractures (11). Diabetes is also associated with sarcopenia, hypoglycemia, retinopathy, and peripheral neuropathy, which may increase the risk of fractures caused by falls (12, 13).

In addition to the traditional fracture risk factors, such as age, body mass index (BMI), comorbid conditions, fracture and fall history, and bone mineral density (BMD), a recent study showed that weight change is associated with increased fracture incidence in postmenopausal women (14). Moreover, previous studies have shown that increased fibroblast growth factor-23, sclerostin, activin A, and altered circadian rhythm are potential risk factors for fractures in DKD patients (11). However, the association of weight change with fracture risk has not been well-studied in this population.

Our objective was therefore to investigate the association between loss or gain of body weight (BW) over 2 years and the subsequent incidence of overall fracture. Furthermore, we aimed to determine whether weight change would increase the incidence of specific fractures classified by vertebral, hip, and other sites in DKD patients selected from a nationwide cohort.



Methods


Korean National Health Insurance Service data

We used the national health insurance claims database established by the Korean National Health Insurance Service (NHIS), in our study. This database includes data on all claims provided by the NHIS and Medical Aid programs. The Korean NHIS database represents the entire South Korean population and the details of this database have been previously described (15, 16). Korean citizens who are insured, undergo health examinations that are supported by the NHIS annually or biennially, depending on their occupation.



Study participants

We initially identified 2,746,079 patients with diabetes, who between 2009 and 2012 underwent a health check-up. Of these, we excluded the following patients from our study: patients who did not undergo a repeat health check-up after 2 years, those without a history of CKD, those with malignancy, those with a history of fracture before the index date, patients < 40 years of age (fractures are rare in this subgroup), and patients who had any health examination data missing. From these vast data results, we finally included 78,922 patients with DKD in our study. The date of the last health check-up was set as the index date. The selection of study participants is presented in a detailed flowchart in Figure 1. The participant follow-up continued and was only concluded when one of the following occurred: fracture, death, loss of health insurance qualification, or end of study (December 31, 2018).


[image: Figure 1]
FIGURE 1
 Flowchart of participant enrolment.




Definitions

Weight change was calculated over a 2-year interval based on the weight difference between the first and the second health check-up (expressed as a percentage). Based on a previous study (17), patients with <5% weight change were defined as having a stable weight and all participants were divided into the following five groups: ≥10% weight loss, 5–10% weight loss, <5% weight change, 5–10% weight gain, and ≥10% weight gain. The amount of intentional weight loss or gain among participants in this study was unknown.

Hypertension was defined as a previous diagnosis of hypertension according to the International Classification of Diseases, 10th Revision, Clinical Modification (ICD-10-CM) codes (I10–I13, I15) and a history of antihypertensive drug use, or a recorded systolic blood pressure (BP) ≥ 140 mmHg, or diastolic BP ≥ 90 mmHg. Diabetes mellitus was defined as a previous clinical diagnosis (ICD-10-CM codes E11–14) and a treatment history of diabetes or a recorded fasting serum glucose level ≥ 126 mg/dL. CKD was calculated using the Modification of Diet in Renal Disease formula and was defined as an estimated glomerular filtration rate (eGFR) <60 mL/min/1.73 m2 (18). Dyslipidemia was defined as follows: the presence of ICD-10-CM code E78, a history of lipid-lowering drug use, or a total serum cholesterol concentration of ≥240 mg/dL. The lowest 20% of the socio-economic status was defined as low-income. End-stage renal disease (ESRD) was defined as the presence of hemodialysis, peritoneal dialysis, or kidney transplantation. Patients with ESRD were identified using a combination of ICD-10-CM codes (N18–19, Z49, Z94.0, and Z99.2) and a special code (V001, procedure-related outpatient care or inpatient treatment on the day of hemodialysis; V003, peritoneal dialysis; and V005, kidney transplantation). BMI was calculated as weight (in kg) divided by the square of the height (in m). Smoking history was categorized as follows: never, former, or current smoker. Alcohol consumption was categorized into none, moderate, or heavy drinkers (≥30 g of alcohol/day). At least 20 min of physical activity per day, until almost out of breath, and more than 3 days of physical activity during the previous week, was considered regular exercise.



Outcomes

The incidence of fracture was the study endpoint. Vertebral fracture was defined as more than two claims per year of the following ICD-10-CM codes: S22.0, S32.0, S32.1, M48.4, and M48.5, while hip fracture was defined as claims of the following diagnostic codes: S72.0, S72.1, and S72.2 at admission. -Other fractures were defined as more than two claims per year of the following ICD-10-CM codes: S42.0, S42.2, S42.3, S52.5, S52.6, S82.3, S82.5, and S82.6. Lastly, composite fracture of the vertebral, hip, or other sites was defined as any-fracture. We excluded traumatic fractures in this study.



Statistical analyses

Data are presented as mean ± standard deviation for continuous variables and numbers with proportions for categorical variables. Non-normally distributed variables are presented as geometric means (95% confidence interval [CI]). Chi-square test or analysis of variance was used to test inter-group differences, as appropriate. The incidence rate of fractures is presented per 1,000 person-years. Multivariable Cox proportional hazard regression analysis was used to estimate the hazard ratios (HRs) and 95% CIs of weight change associated fracture risk after adjusting for age, sex, smoking, alcohol consumption, regular exercise, low-income status, use of insulin, number of oral hypoglycemic agents, duration of diabetes, previous history of hypertension, dyslipidemia and ESRD, and previous BW. Sensitivity analyses were performed after excluding patients who had fractures within 1-year of follow-up. Furthermore, we also performed analyses to identify whether there was an association between the risk of fractures and weight change over 4-years between health check-ups. Subgroup analyses were performed to assess the effect modification on the risk of fractures in DKD patients based on age (<65 and ≥65-years groups), sex, history of hypertension, duration of diabetes (<5 and ≥5-year groups), the presence of proteinuria, BMI (<25 and ≥25 kg/m2), the use of insulin, and the number of oral hypoglycemic agents (≥3) used. Interaction terms were added to test for effect modification across subgroups (P for interaction <0.05 was considered statistically significant). All data analyses were conducted using the SAS software (version 9.4; SAS Institute, Cary, NC), and P < 0.05 was considered statistically significant.




Results


Baseline characteristics according to the status of weight changes

Table 1 presents the demographic, behavioral, and health examination characteristics of the participants at the index year according to weight change. The mean age of all patients was 68.1 ± 9.0 years, 52.3% of them were males, and the mean eGFR of all patients was 45.3 ± 14.2 mL/min/1.73 m2 and the mean BMI was 25.0 ± 3.3 kg/m2. In our population, the percentage of patients with < 5% weight change over the 2-year period was 69.5%, while ≥ 10% weight loss was 4.7%, 5–10% weight loss was 14.0%, 5–10% weight gain was 8.7%, and ≥10% weight gain was 3.1%. The stable weight group participants, according to our results, tended to be younger, smokers, alcohol consumers, participated in regular exercise, had a low-income, and had a higher baseline eGFR compared with participants in other weight loss or weight gain groups. However, the following increased with weight gain: the prevalence of hypertension and dyslipidemia, BMI, waist circumference, and total cholesterol and triglyceride levels.


TABLE 1 Baseline characteristics of the study population according to the status of weight changes.
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Weight changes and risk of any, vertebral, hip, or other site fractures

The median follow-up duration was 5.2 years, and we identified any-fracture in 9,847 participants over the period of observation. The association between weight change and the incidence and risk of fracture in DKD patients is presented in Table 2. When participants with <5% weight change for 2-years were used as the reference group, the incidence of any-fracture increased with both weight-loss and weight-gain. This association was maintained when specific fracture sites, vertebral, hip, or other sites were considered.


TABLE 2 Incidence rates and hazard ratios of fractures according to the status of weight changes.

[image: Table 2]

After adjusting for the participant's age, sex, health behavior factors, comorbidities including ESRD, duration of diabetes, anti-diabetic medications, and baseline BW (Cox model 3), the adjusted HRs for any-fracture increased to 1.100 (95% CI, 1.040–1.163) and 1.286 (95% CI, 1.184–1.398) in participants with 5–10% weight loss and ≥10% weight loss, respectively. Similarly, participants with ≥10% weight gain demonstrated a significantly increased risk of any-fracture compared to participants with stable weight during the period of observation (adjusted HRs [95% CIs]: 1.198 [1.080–1.330]).

Subsequent evaluation of the risk of vertebral, hip, or other site fractures according to weight changes using the multivariable Cox analysis revealed that participants with ≥10% weight loss had the highest risk of vertebral and hip fractures relative to the reference group (adjusted HRs [95% CIs]: 1.303 [1.130–1.502] and 1.738 [1.489–2.028], respectively), similar to the any-fracture risk. Moreover, participants with ≥10% weight gain also showed an increased risk of vertebral and hip fractures. However, weight changes did not significantly correlate with the risk of fracture at any other sites.



Sensitivity analyses

To account for the possibility of reverse causation, a sensitivity analysis was performed, and participants who had fractures within 1-year of follow-up were excluded (Table 3). Even after the full adjustment, compared to the stable weight group, the ≥10% weight loss and ≥10% weight gain groups had a higher HRs for any, vertebral, or hip fracture in DKD patients. Additionally, these analyses were repeated to confirm the association between weight change over 4-years and fracture risk (Supplementary Table 1). The adjusted HRs for any-fracture were 1.253 (95% CI, 1.134–1.384) and 1.081 (95% CI, 1.002–1.166) in participants with ≥10% weight loss and 5–10% weight loss, respectively. This association was retained when vertebral and hip fracture risk was considered. However, fracture risk only tended to increase in participants with ≥10% weight gain, but was not significant for any-fracture or hip fracture after full adjustment in the sensitivity analyses.


TABLE 3 Sensitivity analysis of incidence rates and hazard ratios of fractures according to the status of weight changes after excluding fractures within 1 year of follow-up.
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Subgroup analyses

The association between weight change and the risk of any-fracture was explored, using subgroup analyses, after stratification by age, BMI, sex, diabetes duration, presence of proteinuria, history of hypertension, number of oral hypoglycemic agents, and insulin use (Figure 2). In all subgroup analyses, a high weight loss or high weight gain was consistently associated with the risk of any-fracture. The correlation between weight change and any-fracture risk was significantly stronger in men (P for interaction < 0.001). Higher weight loss, but not weight gain, was associated with increased any-fracture risk in patients without obesity (BMI < 25 kg/m2). In contrast, in patients with obesity (BMI ≥ 25 kg/m2), the ≥10% weight gain group had a higher HR, but the weight loss group had no significant association with any-fracture risk.


[image: Figure 2]
FIGURE 2
 Subgroup analysis for adjusted hazard ratios (HRs) of incidence any fracture. Horizontal lines represent the range for 95% confidence intervals. Models were adjusted for age, sex, smoking, alcohol consumption, regular exercise, income status, use of insulin, more than three classes of oral hypoglycemic agents, diabetes duration, previous histories of hypertension, dyslipidemia and end-stage renal disease, and previous body weight. OHA, oral hypoglycemic agents; BMI, body mass index; DM, diabetes mellitus.





Discussion

In this nationwide population-based cohort study, we found that DKD patients with ≥10% weight loss over 2-years had a 29% higher risk of any-fracture, 30% higher risk of vertebral fracture, and 74% higher risk of hip fracture compared to patients with < 5% weight change. Similarly, DKD patients with ≥10% weight gain had a 20% higher risk of any-fracture, 22% higher risk of vertebral fracture, and 36% higher risk of hip fracture compared to patients those who had a stable BW. Moreover, compared to the stable weight group, ≥10% weight gain was associated with an increased risk of any-fracture in patients with hypertension or obesity as well as in patients with diabetes for > 5 years. To the best of our knowledge, this is the first study to report the association of a 2-year weight loss or gain with the risk of fracture at various anatomical sites in patients with DKD, using annual health check-up data.

Previous general population studies have reported that a weight loss of ≥5% or 10% is associated with hip fracture in both postmenopausal women and men aged ≥ 50 (14, 19–22). Traditionally, obesity is considered to be protective against fractures owing to the long-term weight-bearing load effect that strengthens the bone. Therefore, low BMI, low weight, and significant weight loss are associated with increased fracture risk (23, 24). In recent studies that have focused on patients with diabetes, similar to the general population, weight loss was shown to increase the risk of frailty fracture (25, 26). Notably, the Action for Health in Diabetes trial showed that incident frailty fracture risk increased by ≥7% intentional weight loss among patients with type 2 diabetes and obesity (25). The Fukuoka Diabetes registry study illustrated that BW loss ≥ 20% from the maximum BW was associated with increased risk of hip and vertebral fractures in patients with type 2 diabetes (26), albeit the weight loss was not significantly associated with future fracture risk in women in subgroup analyses. This study, which included patients with DKD, showed that weight loss correlated with both vertebral and hip fractures, which is in line with previous results. In our subgroup analysis, the association between weight loss and fracture risk appeared to be stronger in men than in women with a significant interaction, consistent with results of the Fukuoka Diabetes registry study (26). The incidence rate of any-fracture was higher in women than in men in this study. Being a woman might have attenuated the relative risk of developing fractures due to weight loss. Therefore, weight loss may have exerted a relatively stronger effect on the development of any-fracture in men with DKD than in women.

Next, we evaluated weight gain as an independent risk factor for fracture in patients with DKD, as their association was unclear in this population. The relation between weight gain and fracture risk has been reported predominantly in postmenopausal women or older men in the general population, although findings to date have been inconsistent (14, 22). For example, a previous meta-analysis showed that weight gain may contribute to increased BMD and decreased hip fracture risk (22). In contrast, a > 5% weight gain in the Women's Health Initiative Observational study was not significantly associated with an increased risk of hip fracture but was associated with an increased incidence of upper and lower limb fractures in postmenopausal women (14). Indeed, previous studies have demonstrated a site-specific non-linear relationship between being overweight or having a BMI of 25–30 kg/m2 and fracture risk in the general population (27–29). In our study, DKD patients with ≥10% weight gain showed an increased risk for the development of any-fracture, including the spine and hip. Moreover, the adjusted HRs for any-fracture according to weight gain were higher in patients with obesity than in patients without obesity. Both diabetes and CKD have direct deleterious effects on qualitative bone microarchitecture and thus, contribute to fracture risk (30, 31). In this circumstance, weight gain might have aggravated the impaired mobility and increased traumatic forces, especially in DKD patients with obesity.

This study has some limitations. First, we did not have information regarding the BMD, and thus, could not determine the risk of osteoporotic fracture with changes in weight. Although low BMD predicts fracture risk in patients with CKD, non-osteoporotic causes of adynamic bone disease with low BMD could cause fractures in patients with diabetes and advanced CKD (32, 33). Second, we could not obtain information about intentional weight changes by the participants in this study. However, as previously mentioned, intentional weight loss was not associated with an increased risk of total or hip fractures in patients with diabetes (25). Third, the mean follow-up period in our study was shorter than that of previous studies, which have reported a mean fracture follow-up duration of approximately 11 years from baseline (14, 25). Forth, this data is retrospective and limited to Korean population. Despite these limitations, this study also has some strengths. To the best of our knowledge, this is the first study to examine the relationship between weight change and the incidence of vertebral, hip, or other fracture in a large sample size of 78,922 patients with DKD.

In conclusion, compared to patients with stable weight change, the risk of fracture at any site was increased in DKD patients who had a weight loss or gain ≥10%. Fracture risk was higher in men than in women, especially when the BW was lost. Furthermore, weight gain in patients with obesity was associated with an increased fracture risk. Therefore, patients with DKD who experience weight changes should be aware of the risk of fracture. Future prospective studies are needed to clarify the underlying mechanism by which weight changes increase the risk of fractures in patients with DKD.
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