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Abstract

Intentional weight loss is an important treatment option for overweight persons with type 2 

diabetes mellitus (DM), but the effects on long term fracture risk are not known. The purpose of 

this Look AHEAD analysis was to evaluate whether long term intentional weight loss would 

increase fracture risk in overweight or obese persons with DM. Look AHEAD is a multicenter, 

randomized clinical trial. Recruitment began in August 2001 and follow-up continued for a 

median of 11.3 years at 16 academic centers. 5145 persons aged 45 – 76 with DM were 

randomized to either an intensive lifestyle intervention (ILI) with reduced calorie consumption and 

increased physical activity designed to achieve and maintain ≥7% weight loss or to diabetes 

support and education intervention (DSE). Incident fractures were ascertained every 6 months by 

self-report and confirmed with central adjudication of medical records.

The baseline mean age of participants was 59 years, 60% were women, 63% were Caucasian, and 

the mean BMI was 36 kg/m2. Weight loss over the intervention period (median 9.6 years) was 

6.0% in ILI and 3.5% in DSE. 731 participants had a confirmed incident fracture (358 in DSE v. 

373 in ILI). There were no statistically significant differences in incident total or hip fracture rates 

between the ILI and DSE groups. However, compared to the DSE group, the ILI group had a 

statistically significant 39% increased risk of a frailty fracture (HR = 1.39, 95% CI 1.02, 1.89).

An intensive lifestyle intervention resulting in long term weight loss in overweight/obese adults 

with DM was not associated with an overall increased risk of incident fracture but may be 

associated with an increased risk of frailty fracture. When intentional weight loss is planned, 

consideration of bone preservation and fracture prevention is warranted.
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Introduction

Osteoporotic fractures are a prevalent, serious condition that can result in substantial 

morbidity and increased mortality.1–3 Known risk factors associated with the development of 

osteoporosis and fractures include older age, family history, female gender, previous history 

of fracture, history of falls, and lower body mass index (BMI).4–6 Further, in older adults, 

type 2 diabetes is associated with increased fracture risk compared to persons without 

diabetes.7–11 Moreover, weight loss has also been shown to be an important risk factor for 

bone loss and fracture in older adults,12–16 but it is also a cornerstone of treatment in 

overweight and obese persons who have type 2 diabetes. However, the net effect of 

intentional weight loss with increased physical activity over extended periods of time on 

fracture risk in older persons with diabetes is not well understood. To date, there are no large 
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randomized trials of weight loss that also have data on fractures, the most important 

outcome in terms of skeletal health.

Therefore, the purpose of this manuscript is to examine whether long term intentional 

weight loss with increased physical activity would increase fracture risk in overweight/obese 

older persons with type 2 diabetes in the Look AHEAD randomized clinical trial.

Methods

The Look AHEAD randomized clinical trial involved 16 clinical sites across the US 

(Clinicaltrials.gov Identifier: NCT00017953). The methods and baseline characteristics of 

the study population have been published17,18 and the protocol is available 

(www.lookaheadtrial.org). The primary goal of Look AHEAD was to determine whether 

randomization to intensive lifestyle intervention (ILI) reduced cardiovascular morbidity and 

mortality relative to Diabetes Support and Education (DSE) among overweight or obese 

individuals with type 2 diabetes mellitus. During the first 2 years of the trial, the primary-

event rate in the control group was lower than expected.19 Therefore, hospitalization for 

angina was added to the primary cardiovascular outcome, and planned follow-up was 

extended to a maximum of 13.5 years. On September 14, 2012, the trial intervention was 

stopped for futility because there was no difference with regard to the primary 

cardiovascular endpoints between ILI and DSE.20 The independent DSMB made this 

recommendation and the NIH concurred.

Intervention curricula for both ILI and DSE were developed centrally and have been 

described in detail.21 ILI aimed at achieving and maintaining at least a 7% weight loss by 

focusing on reduced caloric intake and increased physical activity. The program included 

frequent contact throughout the trial, with both group and individual sessions, a calorie goal 

of 1200–1800 kcal/day (<30% of calories from fat and >15% from protein), use of meal 

replacement products, and at least 175 minutes per week of moderate intensity physical 

activity. The most common type of physical activity was walking. A toolbox of strategies 

was available for participants having difficulty achieving the weight loss goals.

Look AHEAD was also designed to examine secondary outcomes including fracture. Look 

AHEAD was approved by local Institutional Review Boards and all participants provided 

informed consent. Look AHEAD complied with the World Medical Association Declaration 

of Helsinki – Ethical Principles for Medical Research Involving Human Subjects.

Major eligibility criteria for Look AHEAD included the following: 45–76 years of age; type 

2 diabetes; body mass index (BMI; kg/m2) of ≥25.0 (≥27 in individuals taking insulin); 

hemoglobin A1c (HbA1c) <11%, systolic blood pressure (SBP) <160 mmHg, diastolic 

blood pressure (DBP) <100 mmHg, and triglycerides <600 mg/dl; ability to complete a valid 

maximal exercise test suggesting it was safe to exercise; and having a primary care provider. 

Participants could be using any type of glucose-lowering medication, but the percentage of 

participants using insulin was limited to <30%.

Randomization occurred from August 2001 through April 2004 with an allocation ratio of 

1:1 and stratification by clinical site. At baseline and annual clinic visits, weight and height 

et al. Page 3

J Bone Miner Res. Author manuscript; available in PMC 2018 November 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

http://Clinicaltrials.gov


were measured with a digital scale and a standard wall-mounted stadiometer respectively. 

Body Mass Index (BMI) in kg/m2 was calculated from the measured weights and heights. 

Participants brought all prescription medicines to the clinic annually for a medication 

inventory. Bone-active agents were classified from the medication inventory and are used in 

these analyses. Bone-negative medications were defined as: loop diuretics, selective 

serotonin reuptake inhibitors (SSRIs), thyroid hormones, oral steroids such as prednisone, 

tricyclic antidepressants, and thiazolidinedione (TZDs). Bone-positive medications were 

defined as: androgens (anabolic steroids), calcium, antacids containing calcium, and 

antiresorptive agents such as bisphosphonates, calcitonin nasal spray, estrogens, and 

selective estrogen receptor modulators (SERMs). Questionnaires were used to collect 

demographic characteristics, medical history, smoking history, and alcohol use. Race 

categories are self-reported. Blood work was completed after overnight fast and was 

analyzed by the Central Biochemistry Laboratory (Northwest Lipid Research Laboratories, 

University of Washington, Seattle, WA) using standardized laboratory procedures.

During annual visits and telephone calls every 6 months, staff members who were unaware 

of study-group assignments (blinded) queried participants about all medical events and 

hospitalizations including incident fractures. Hospital and other records such as outpatient 

medical records and x-ray reports were reviewed for potential incident fracture events, with 

adjudication according to standard criteria by a central review committee of trained 

physicians who were blinded to study-group assignment. The primary fracture outcome was 

prespecified as the first occurrence of a fracture. Self-reported fractures of the fingers, toes, 

face, neck (c-spine), sternum, ribs, and skull were not centrally adjudicated and are not 

included in the fracture events for this manuscript. Only confirmed centrally adjudicated 

incident and total fracture events are included in these analyses. As a secondary fracture 

outcome a frailty fracture endpoint was created a priori and is a composite of the first 

occurrence of a hip, pelvis, upper arm or shoulder fracture.22 This secondary fracture 

endpoint was selected because data from the Study of Osteoporotic Fractures (SOF) had 

previously demonstrated that weight loss was associated with frailty fracture.22 Participants 

were also asked how the fracture happened, including the following categories: motor 

vehicle accident/struck by a motor vehicle, fall down stairs, fall from a height, other fall or 

trip (e.g. while walking or getting out of bed), and other. Beginning in year 8, participants 

were also asked to self-report the number of falls each year. Fitness was estimated from peak 

metabolic-equivalent (MET) capacity from performance on a graded exercise treadmill test 

administered at baseline, year 1, and year 4.23

Statistical analysis

Baseline characteristics were presented as means and standard errors (SE), medians and 

inter-quartile range (IQR), or frequencies (percentages). Two sample t-tests, Wilcoxon rank-

sum test, and chi-square tests were used to compare the baseline characteristics within the 

two intervention groups. We performed analyses of overall incident fractures, incident frailty 

fractures, and site specific incident fractures in which we compared time to the first 

occurrence of fracture, between the two study groups. Participants were censored at the end 

of follow-up or at time of death. Kaplan-Meier estimates were used to calculate the 

cumulative proportion of patients who had an event. Cox proportional-hazards regression 
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was used to calculate hazard ratios, 95% confidence intervals, and two-sided p-values for 

three models. The first model was unadjusted; the second model was adjusted for age and 

gender; and the third model was adjusted for age, gender, race, baseline BMI, cigarette 

smoking, alcohol consumption, maximal MET value, self-reported duration of diabetes, 

bone-active agents (bone positive and negative medications separately), Insulin use from any 

source, Beck depression score, eGFR, and HbA1c. The stability of the intervention effect on 

fractures across gender, race, age tertiles, BMI tertiles and bone-active agents was verified 

using tests of interaction for overall fracture and frailty fractures. Additionally, Cox 

proportional-hazards regressions were run separately for the two study groups in order to 

compare time to the first occurrence of fracture between tertiles of percent weight change 

between baseline and year 1. Proportional hazards assumptions were verified for all models 

and results were not adjusted for multiple comparisons. Chi-square tests and Wilcoxon rank 

sum tests were used to determine if a relationship existed between fracture incidence and 

either fall as the cause of a fracture by randomization arm or the number of falls after year 8 

by randomization arm. A p < 0.05 was accepted as statistically significant. No adjustments 

were made for multiple comparisons. All statistical analyses were completed using SAS 9.4 

(SAS Institute, Cary NC) or R Core Team (2014). (R Foundation for Statistical Computing, 

Vienna, Austria).

Results

Out of the 9,045 who attended a screening visit, 5,145 ethnically diverse overweight and 

obese subjects with type 2 diabetes mellitus were randomized to either the ILI or DSE arm 

in the Look AHEAD Trial. (Supplemental Figure 1) At baseline, the participants were on 

average 59 years old, 60% were women, 63% were Caucasian and the mean BMI was 35.94 

kg/m2. There were no statistically significant baseline differences between the ILI and DSE 

groups including duration of diabetes, smoking status, alcohol intake, physical activity, use 

of bone-active agents or insulin, Beck depression score, estimate glomerular filtration rate 

(eGFR), or hemoglobin A1c (HbA1c). (Table 1)

Weight loss in the ILI was largest at year 1 (8.6% in the ILI vs. 0.7% in the DSE) but 

remained significantly greater in ILI throughout the trial. When the study intervention ended 

(median 9.6 years of follow-up), the mean weight loss from baseline was 6.0% in ILI and 

3.5% in DSE. Physical fitness improvement in the ILI was greatest at year 1 but remained 

significant through year 4 (last time point measured) compared to the DSE group. (Data not 

shown)

After a median follow-up of 11.3 years, 731 participants had a confirmed incident fracture, 

with 358 occurring in DSE participants and 373 in ILI participants. The most common 

fracture types were lower leg/ankle (216), lower arm/wrist (135), and upper arm (humerus)/

shoulder/clavicle (131) whereas hip fractures were much less common (46). There were no 

statistically significant differences in total incident fracture (HR 1.03, 95% CI 0.89–1.19, p = 

0.71) or hip fracture rates (HR 1.69, 95%CI 0.93–3.07, p = 0.09) between the ILI and DSE 

groups. (Table 2 and Figure 1) However, compared to the DSE group, the ILI group had a 

statistically significant 39% increased risk of a frailty fracture (HR 1.39, 95% CI 1.02–1.89, 

p = 0.03) which remained statistically significant after adjustment for potential confounders. 
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(Table 2 and Figure 2) In contrast, there was a trend for the ILI group to have fewer lower 

leg/ankle fractures than the DSE group but the difference did not reach statistical 

significance (HR 0.80, p = 0.11).

During the follow-up period, a total of 952 fractures occurred and most fracture events 

resulted in fracturing a single bone (853 of 952). (See Supplemental Table 2 and 

Supplemental Table 3) Women in both the ILI and DSE groups were more likely to 

experience any fracture and frailty fractures compared to men. (See Supplemental Figure 2 

and Supplemental Figure 3)

To examine if heterogeneity of effect was present, treatment-subgroup interactions for total 

fracture and frailty fracture were estimated. Participants who were of younger age at 

baseline compared to middle and older age (< 56, 56–61, ≥ 61 years old) who were assigned 

to ILI compared to DSE were at increased risk for fracture (interaction p = 0.042). (Figure 3) 

A significant U-shaped relationship also existed with baseline fitness with persons in the 

middle maximal MET tertile group (6.1–≤7.8) who were assigned to ILI compared to DSE 

being less likely to fracture than those in the lower (<6.1) or higher (≥ 7.8) MET tertile 

groups (interaction p = 0.03). There was also a trend for persons with a higher baseline BMI 

(≥ 37.8) compared to lower baseline BMIs (32.6 – 37.7 or < 32.6 kg/m2) who were assigned 

to ILI compared to DSE to have a higher fracture risk (interaction p = 0.052). No other 

treatment-subgroup interactions for incident total fracture risk were detected. The same 

treatment-subgroup interactions were also examined for frailty fracture, but no significant 

interactions were detected. However, the point estimates of the hazard ratios for all 

subgroups suggested increased risk of frailty fracture in the ILI group. (See Supplemental 

Figure 4)

When asked about falls at annual clinic visits starting at year 8, the DSE group was more 

likely to report at least two or more falls compared to the ILI group (41.95% in DSE v. 

37.49% in ILI, p = 0.0023). Further, the majority of total fractures in both groups were 

reported to be the result of a fall or trip, but there was no statistically significant difference in 

total fractures resulting from a fall by treatment assignment (71.2% in DSE v. 73.2% in ILI, 

p = 0.577). A similar finding of no difference between treatment groups was seen in the 

frailty fracture outcome resulting from a fall (77.8% in DSE v. 80.6% in ILI, p = 0.703). 

(See Supplemental Table 1)

Percent weight change in tertiles from baseline to year 1 was examined for the ILI and DSE 

groups separately. In neither ILI nor DSE was weight change during the first year of the 

intervention predictive of future fracture risk. (Data not shown).

Discussion

In the Look AHEAD clinical trial in overweight and obese persons with diabetes, an 

intensive lifestyle intervention that resulted in intentional long term weight loss and 

improved fitness was not associated with an overall increased risk of total incident fracture. 

However, incident frailty fracture risk was increased by intentional weight loss despite the 

increase in physical activity and improved fitness in the intervention group. The increased 
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risk of frailty fracture in the ILI group was also apparent in all subgroups examined. To our 

knowledge this is the first clinical trial to assess the long term effects of an intentional 

weight loss intervention on fracture risk in adults with type 2 diabetes.

Our finding of increased frailty fracture risk with weight loss is consistent with other reports 

from the Study of Osteoporotic Fractures that unintentional weight loss is associated with an 

increase in frailty fractures but not other non-spine fractures.22 In other studies, lower 

weight and intentional weight loss have also been shown to increase fracture risk.24

The underlying mechanisms leading to the increased frailty fracture risk with weight loss 

may be multifactorial. These observations of increased frailty fracture risk may be due to 

bone loss that is associated with weight loss.12,13 Look AHEAD obtained DXA scans on a 

subgroup of study participants.25,26 During the intentional intensive weight loss phase in 

year 1, both men and women in the ILI group experienced greater bone loss at the total hip 

(−1.4% versus −0.4%; p < 0.001) and femoral neck (−1.5% versus −0.8%; p = 0.009) 

compared to DSE, but change in BMD for the lumbar spine and whole body did not differ 

between groups.25 Differences between groups were diminished by one-half after 4 years 

(−0.88% vs. −0.05% per year in ILI and DSE, respectively) but remained significantly 

different (P < 0.01).26

Increased fracture risk may also be related to loss of lean body mass leading to decreased 

strength and problems with balance. It is known that intentional weight loss has been 

associated with loss of lean body mass.15,27 Aging is also associated with changes in body 

composition including a loss of lean body mass with a concomitant increase in fat mass.28,29 

In the Look AHEAD DXA subgroup, lean body mass decreased more in the ILI than DSE 

between baseline and Year 1 and remained lower through Year 8.30 However, despite these 

changes in lean body mass, the ILI group increased their physical activity resulting in 

improved fitness.31 Further in the Look AHEAD trial, the weight loss and improved fitness 

have been shown to slow the decline in mobility in the ILI group compared to the DSE 

group.32 Improved fitness and slowing the decline in mobility may also have been 

responsible for our finding of fewer self-reported falls in the ILI group.

Falls are a leading cause of injury as a person ages and frailty fractures are one of the most 

serious consequences.33 Persons with diabetes have also been shown to have an increased 

risk of falling with poor balance and peripheral neuropathy has been suggested in the causal 

pathway.8 Thus, a mitigating factor for fracture risk may be increasing physical activity and 

improving fitness/muscle strength in the ILI group. Unfortunately, Look AHEAD does not 

have data on severity of falls and thus cannot address whether the ILI group experienced 

more severe falls leading to increase frailty fracture.

Alternate causes of falls in persons with diabetes may be related to diabetes treatment 

related hypoglycemia. In Look AHEAD, the incidence of self-reported severe hypoglycemia 

adverse events over the course of the trial was low and not different in the ILI and DSE 

groups.34 However, the ILI group did experience more hypoglycemic events in the first year 

of the trial despite pre-specified safety protocols to temporarily adjust insulin, sulfonylureas 

or glitinide during intensive calorie restriction by study staff.34 After the first year, the ILI 
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and DSE groups were not significantly different regarding hypoglycemic events.34 Thus, it is 

unlikely that the increased frailty fracture incidence seen throughout the trial in the ILI 

group can be primarily attributed to this mechanism.

In the Look AHEAD data, there was a trend for a reduction in lower leg/ankle fracture in the 

ILI group compared to DSE (p = 0.11). Previous studies have shown that increased body 

weight rather than decreased bone mineral density is a risk factor for ankle fracture, leading 

investigators to speculate that the higher BMI increases forces applied to the ankle during a 

fall.35 We speculate that an exacerbating factor for the trend in increased ankle fracture in 

the DSE group may be their increased BMI compared with ILI.

Our findings suggest that when intentional weight loss is planned, consideration of bone 

preservation and fracture prevention strategies is warranted. A number of treatments can 

help to prevent loss of bone including adequate consumption of calcium and vitamin D, load 

bearing and resistance exercise, smoking cessation and decreasing alcohol 

consumption.36–39 Further, falls prevention strategies such as strength and balance training 

or reduction in psychotropic medication use may also help reduce the risk of falls leading to 

fracture during weight loss.40 In evaluating persons interested in weight loss, use of the 

WHO Fracture Risk Assessment Tool (FRAX), which allows individual estimation of the ten 

year probability of fracture in non-osteoporotic persons may be useful when deciding if 

medication to prevent an osteoporotic fracture is warranted.41–43 However, the FRAX tool 

does not take into account diabetes status or falls risk which may also increase potential 

fracture risk.

The strengths of the Look AHEAD clinical trial include randomization to group assignment, 

high levels of retention, a diverse participant population, and successfully producing long-

term intentional weight loss and improvements in physical activity and fitness. Further, 

fracture outcomes were a preplanned secondary outcome of the trial and the fracture 

outcomes data resulted from central adjudication after review of medical record data by 

blinded trained physician adjudicators.

Limitations include only collecting self-reported fall frequency information beginning in 

year 8 of the trial. Therefore, Look AHEAD cannot estimate fall frequency during the early 

trial period. Despite not having fall frequency throughout the study, it does not appear that 

the intensive weight loss intervention was associated with an increased risk of falls later in 

the trial period that could have explained the increase risk of frailty fracture. Further, the ILI 

group was no more likely to report their fracture was caused by a fall than the DSE group. 

Additional limitations include that Look AHEAD fracture ascertainment occurred only 

every 6 months in both groups and relied on self-report with review of medical records. 

Thus, under-ascertainment of fractures in both groups is possible especially fractures such 

vertebral fractures, however this is not likely to be differential by treatment assignment since 

both groups had the same schedule of ascertainment. Look AHEAD is also limited as the 

study did not collect information regarding family history of fracture or personal history of 

fracture before the trial and thus cannot address these characteristics in the data analyses. 

However, the baseline characteristics were well balanced between the randomized groups 
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thus it is unlikely that this historical data would have been unequally distributed between the 

randomized groups resulting in potential for confounding.

Conclusion

An intensive lifestyle intervention resulting in long term weight loss in older overweight/

obese adults with type 2 diabetes was not associated with an overall increased risk of 

fracture but may be associated with an increased risk of frailty fracture. When intentional 

weight loss is planned, consideration of bone preservation and fracture prevention strategies 

is warranted.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Cumulative Hazards for Incident Total Fracture by Treatment Assignment
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Figure 2. 
Cumulative Hazard for Incident Frailty Fracture by Treatment Assignment
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Figure 3. 
Hazard Ratios (95% CI) of Incident Fractures for Randomization Arm in Subgroups
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Table 1

Baseline Characteristics Overall and by Randomization Arm

Characteristics Overall DSE ILI P-Value

Number of Subjects 5145 (100) 2575 (50.05) 2570 (49.95)

Age (Years) 58.75 ± 0.1 58.9 ± 0.14 58.59 ± 0.13 0.1

Gender . . . 0.82

 Male 2082 (40.47) 1038 (40.31) 1044 (40.62)

 Female 3063 (59.53) 1537 (59.69) 1526 (59.38)

Race/Ethnicity . . . 0.98

 African American 804 (15.63) 404 (15.69) 400 (15.57)

 Caucasian 3252 (63.22) 1631 (63.34) 1621 (63.1)

 Hispanic 680 (13.22) 340 (13.2) 340 (13.23)

 Other 408 (7.93) 200 (7.77) 208 (8.1)

Body weight (kg) 100.71 ± 0.27 100.85 ± 0.37 100.56 ± 0.39 0.59

Body Mass Index (kg/m^2) 35.94 ± 0.08 36 ± 0.11 35.89 ± 0.12 0.51

Smoking Status . . . 0.71

 Never 2576 (50.18) 1302 (50.7) 1274 (49.65)

 Former 2331 (45.4) 1156 (45.02) 1175 (45.79)

 Current 227 (4.42) 110 (4.28) 117 (4.56)

Alcohol Consumption . . . 0.6

 No drinks/week 3478 (67.82) 1736 (67.63) 1742 (68.02)

 1–3 drinks/week 994 (19.38) 491 (19.13) 503 (19.64)

 4+ drinks/week 656 (12.79) 340 (13.25) 316 (12.34)

Physical Activity . . .

 Maximal MET value 7.19 ± 0.03 7.18 ± 0.04 7.2 ± 0.04 0.67

Self-Reported Duration of Diabetes 5 (2, 10) 5 (2, 10) 5 (2, 10) 0.16

Medications . . .

 Bone Positive 1308 (25.42) 649 (25.2) 659 (25.64) 0.72

 Bone Negative 2378 (46.22) 1199 (46.56) 1179 (45.88) 0.62

 Steroids 6 (0.12) 2 (0.08) 4 (0.16) 0.45

 Bisphosphonates 95 (1.85) 43 (1.67) 52 (2.02) 0.35

 TZDs 1337 (25.99) 689 (26.76) 648 (25.21) 0.21

 Insulin Use (from any source) 980 (19.05) 500 (19.42) 480 (18.68) 0.5

Beck Depression Score 4 (2, 8) 4 (2, 8) 4 (2, 8) 0.68

eGFR 94.03 ± 0.32 93.68 ± 0.44 94.38 ± 0.46 0.27

HbA1c 7.28 ± 0.02 7.31 ± 0.02 7.25 ± 0.02 0.06

eGFR = estimated glomerular filtration rate, HbA1c = Hemoglobin A1c. N (%) or Mean ± Standard Error or Median (Q1, Q3). Chi-Square and 
Students T-test were used, with the exception of Self-Reported Diabetes Duration, the Beck Depression Score which used the Wilcoxon Rank Sum 
and Steroids which used a Fisher’s Exact Test
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