Long-term glycaemic variability and vascular complications in Type 2 diabetes: Post-hoc analysis of the randomised, placebo controlled FIELD Study
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Abstract

Aims: To investigate whether long-term glycaemic variability (GV) is associated with vascular complication development in Type 2 diabetes 
Methods: In a post-hoc FIELD trial analysis, GV was calculated as the standard deviation and coefficient of variation (CV) of HbA1c and fasting plasma glucose. Baseline variables were compared across quartiles of on-study variability by Chi square and ANOVA.  Prospective associations between baseline to two-year GV and subsequent vascular and mortality outcomes were analysed using landmark logistic and Cox proportional hazards regression.
Results: Baseline factors associated with higher on-study GV included younger age, male gender, longer diabetes duration and higher pharmacological therapies usage. Both HbA1c and fasting glucose CV were associated with increased risk of microvascular complications (HR 1.02 (95% CI 1.01–1.03) p<0.01; HR 1.01 (95% CI 1.00–1.01) p<0.001, respectively). HbA1c and fasting glucose CV were associated with increased cardiovascular disease (HR 1.02 (95% CI 1.00–1.04); HR 1.01 (95% CI 1.00–1.02), both p<0.05). HbA1c CV associated with increased stroke (HR 1.03 (95% CI 1.01–1.06) p<0.01). Glucose CV associated with increased coronary events (HR 1.01 (95% CI 1.00–1.02) p<0.05). Both HbA1c and glucose CV associated with increased total mortality (HR 1.04 (95% CI 1.02–1.06); HR 1.01 (95% CI 1.01–1.02), both p<0.001) and non-cardiovascular mortality (HR 1.05 (95% CI (1.03–1.07); HR 1.02 (95% CI 1.01–1.03), both p<0.001). HbA1c CV associated with coronary mortality (HR 1.04 (95% CI 1.01–1.07) p<0.05).
Conclusions: Long-term GV was associated with increased risk of vascular outcomes in Type 2 diabetes.
Introduction
The relationship between glycaemic control and microvascular complications in Type 2 diabetes is well established, as demonstrated in the UK Prospective Diabetes Study (UKPDS), Action to Control Cardiovascular Risk in Diabetes (ACCORD) and Action in Diabetes and Vascular Disease: Preterax and Diamicron MR Controlled Evaluation (ADVANCE) trials 
 ADDIN EN.CITE 

[1-5]
. Associations with macrovascular complications are less consistent, and outcomes may vary by mode of glucose treatment, diabetes duration or other unmeasured factors. It is increasingly recognised glycaemic variability (GV), or the fluctuation of blood glucose levels over time, has a role in the pathogenesis of diabetes vascular complications 
 ADDIN EN.CITE 

[6, 7]
 and may account for some of the inconsistency in landmark complications trials.
GV can be measured over the short term with continuous glucose monitoring (CGM) of interstitial fluid glucose levels, and can also be assessed over the long term (months to years) by the oscillation of fasting plasma glucose or HbA1c levels. At a basic science level, GV can induce inflammation, oxidative stress and altered gene expression 
 ADDIN EN.CITE 

[8-10]
. Previous investigators have found variable associations with HbA1c and fasting plasma glucose GV with total mortality and micro- and macrovascular events, including retinopathy, nephropathy, peripheral neuropathy, ischaemic stroke, and cardiovascular events 
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[11-35]
. Some investigators have only found a link with fasting glucose or HbA1c, respectively; other groups have found that GV has a significant relationship with complication development only in those with poor glycaemic control or advanced age 
 ADDIN EN.CITE 

[36-38]
.
The Fenofibrate Intervention and Event Lowering in Diabetes (FIELD) trial (number ISRCTN 64783481) was a large (n=9795) randomised placebo controlled trial of a median of five years once-daily oral fenofibrate or placebo tablets with a negative primary endpoint of coronary heart disease events 
 ADDIN EN.CITE 
[39]
, and many positive secondary and tertiary endpoints, including cardiovascular events in dyslipidaemic subjects and microvascular complications. The aim of this post-hoc study was to assess whether long-term GV, by both HbA1c and fasting plasma glucose, is associated with the subsequent development of chronic diabetes complications and to evaluate baseline clinical factors associated with on-study GV. We hypothesised that long-term GV (as calculated using both HbA1c and fasting plasma glucose) over the first two years of the trial would be prospectively associated with the subsequent development of chronic complications or death, and that many baseline clinical characteristics would be associated with on-study long-term GV.
Methods
Patients and Clinical Assessment

The FIELD study recruited 9795 individuals with Type 2 Diabetes aged 50–75 years across 63 centres in Australia, New Zealand and Finland, who were randomised to 200mg co-micronised fenofibrate (Laboratories Fournier, Dijon, France) or placebo and followed for development of vascular complications for a median of five years. The study protocol has been published elsewhere 
 ADDIN EN.CITE 

[39, 40]
. Briefly, participants with a baseline requirement for lipid-lowering treatment, renal impairment (serum creatinine >130 mol), liver or gallbladder disease or a cardiovascular event within three months of recruitment were excluded from the study. All participants provided written informed consent, and the protocol had local and national ethics approval, and the study was carried out in accordance with the principles of the Declaration of Helsinki as revised in 2008.

All participants underwent a 16-week run-in comprised of four weeks of lifestyle intervention, six weeks of placebo and six weeks of fenofibrate, prior to randomisation. History and physical examinations occurred at baseline and 4–6 monthly, with fasting venous blood (HbA1c, glucose) at baseline and annually, with treatment for diabetes management made by the regular treating clinician. A urinary albumin to creatinine ratio (ACR) was measured at baseline, Year 2 and at study end. Peripheral neuropathy status was assessed by clinical history and physical examination, including assessment with a 10g monofilament at Year 2 and at study end.
Assessment of Outcomes

A pre-defined study endpoint was the development of microvascular complications (composite of retinopathy, albuminuria, neuropathy, and/or microvascular amputations). Retinopathy was defined as the requirement for laser photocoagulation therapy for diabetic retinopathy. Albuminuria was defined as new microalbuminuria or progression of existing albuminuria (increase of greater than or equal to one category). Microalbuminuria was defined as urine ACR (2.5 mg/mmol (men), or (3.5 mg/mmol (women). Macroalbuminuria was defined as urine ACR >25 mg/mmol (men or >35 mg/mmol (women)). Peripheral neuropathy was defined as the inability to detect monofilament touch pressure at the point of first flexing in one or both feet. New or progression of microvascular amputations were defined as new minor amputations of the digit and forefoot in the absence of large vessel disease or embolism in the same limb or subsequent microvascular amputations in prior microvascular amputation. Two clinicians reviewed all non-traumatic amputation case reports.

Subsidiary endpoints were the development of composite macrovascular events, comprising the combined individual endpoints of major cardiovascular disease events (coronary heart disease events, total stroke and other cardiovascular death), coronary events (non-fatal myocardial infarction or coronary heart disease mortality), total stroke, and cardiovascular disease mortality. Total mortality, coronary mortality and non-cardiovascular mortality were also analysed.

Glycaemic Variability

GV was calculated as coefficient of variation (CV) and standard deviation (SD) of HbA1c and fasting plasma glucose. Values from Visit 4 were excluded from the calculation of GV as this was the end of the active run-in period.
Statistical Analysis
In this post-hoc analysis, participants were categorised into quartiles of fenofibrate or placebo specific quartiles of GV. GV was analysed both continuously and categorically (by quartile). Baseline variables were compared across quartiles of on-study variability by chi square (with Mantel-Haenszel ordinal trend test) and ANOVA (following logarithmic transformation if data non-normally distributed) with linear trend test. Kaplan-Meier curves with overall log-rank tests were used to assess endpoint incidence from two years by quartile of GV from baseline to two years. Associations between the initial two years of GV and subsequent vascular outcomes were analysed using a two-year landmark logistic (microvascular complications, nephropathy, neuropathy) and Cox proportional hazards regression analyses with adjustment for pre-specified variables. Model 1 was unadjusted. Model 2 was adjusted for age and gender. Model 3 was adjusted for Model 2 variables plus baseline HbA1c, HbA1c at two years (to adjust for the trajectory of HbA1c change), fenofibrate or placebo allocation, systolic blood pressure, diabetes duration, prior cardiovascular disease, prior microvascular complications and baseline use of oral hypoglycaemic agents, insulin and antihypertensive drugs. Models using glucose GV were adjusted in a similar stepwise approach, with the exception that Model 3 was adjusted for baseline fasting glucose and glucose at two years instead of HbA1c. Significance was taken at two-tailed test p<0.05. Data were analysed with SPSS (version 25).
Results
Baseline demographics by quartile of on-study HbA1c CV are described in Table 1. Baseline demographics by quartiles of glucose CV, HbA1c SD and glucose SD are shown in Supplementary Tables 1–3, respectively. Individuals with a younger age, male gender and longer known diabetes duration were more likely to be in a higher quartile of GV. Similarly, higher GV individuals had a more adverse metabolic profile at baseline, with elevated BMI, waist-to-hip ratio, triglycerides and were more likely to be current smokers. Individuals in higher quartiles of glucose GV had higher baseline composite macrovascular complications, angina and coronary revascularisation. Higher quartile of glucose and HbA1c GV subjects both had higher baseline microvascular complications. Being in a higher GV quartile was associated with increased likelihood of baseline pharmacologic treatment of diabetes, particularly multiple oral hypoglycaemic agents and insulin.

Kaplan-Meier curves of time-to-event two-year landmark analyses for HbA1c CV (from Visit 1 to two-year) and subsequent time-dependent complications are shown in Figures 1, 2 and 3. There was an increased risk of complication occurrence by increasing quartile of HbA1c CV for all endpoints, with the exception of microvascular amputations and coronary events. In contrast, there was a significant increased risk of all endpoints with increasing quartiles of glucose CV, HbA1c SD and glucose SD (Supplementary Figures 1–9).
The results of the two-year landmark analysis assessing the relationship between all GV parameters (from Visit 1 to two years) and subsequent complication development are displayed in Table 2. In Model 1 there were significant increased risks of all complications with increasing GV (with the exception of peripheral neuropathy, microvascular amputations and HbA1c CV) (data not shown). In the fully adjusted model (Model 3), all GV parameters were independently associated with an increased risk of microvascular complications, albuminuria, major cardiovascular disease, total mortality and non-cardiovascular mortality. Only glucose CV remained an independent covariate for subsequent retinopathy in Model 3. Both glucose CV and SD were associated with increased coronary events, while HbA1c CV and SD retained significance in Model 3 for increased risk of stroke, cardiovascular mortality and coronary mortality. A forest plot of the univariate and multivariate (Model 3) hazard ratios for HbA1c CV is shown in Figure 4 (glucose CV in Supplementary Figure 10).

In a number-needed-to-treat analysis, for every 21 persons achieving an HbA1c CV below the median CV, one composite microvascular event would be prevented ((95% CI 15.23-31.98) p=0.0001). For every 43 people with an HbA1c CV below the median one composite macrovascular event would be prevented (95% CI 28.67-82.95) p=0.0001). For every 100 people with an HbA1c CV below the median, one stroke would be prevented (95% CI 63.58-111.66) p=0.0005) and for every 50 people with an HbA1c CV below median one death would be prevented (95% CI 34.34-89.62) P=0.0001).
Discussion
This FIELD trial related study has demonstrated that long-term GV over two years is associated with the subsequent development of micro- and macrovascular complications and mortality in a landmark method. In a comprehensively adjusted statistical model, all measures of GV were associated with composite microvascular complications, albuminuria, major cardiovascular disease, total mortality and non-cardiovascular mortality. Glucose GV was associated with retinopathy, and coronary events, whereas HbA1c GV was linked with stroke, cardiovascular mortality and coronary mortality. Baseline clinical variables associated with increased on-study variability included age, gender, longer diabetes duration, adverse metabolic risk factors and use of oral hypoglycaemic agents and insulin.
The reported baseline factors associated with on-study GV are consistent with those found in other studies; in particular, that higher GV is associated with younger age, longer duration of diabetes and greater requirement for oral hypoglycaemic agents and insulin 
 ADDIN EN.CITE 

[14, 16, 17]
. The observed associations between high GV and male gender, higher BMI and waist-hip-ratio has not been observed in all other studies 
 ADDIN EN.CITE 

[22, 34]
, which may relate to the greater study size and power of the FIELD study. Baseline incidence of microvascular disease, in particular retinopathy and nephropathy with increased GV has been reported by other groups and in other ethnicities, including the Taiwan Diabetes Study, Taichung Diabetes Study and Hong Kong Diabetes Registries 
 ADDIN EN.CITE 

[14, 15, 21]
. Other groups have also found a link with increased baseline neuropathy 
 ADDIN EN.CITE 

[21, 41]
, not observed in our study. Differences in definitions of nephropathy criteria and pre-existent diabetes duration may be contributory to the difference in GV outcomes between studies. We demonstrated a significant relationship between with baseline macrovascular complications with higher glucose GV and not HbA1c GV. This was also observed in the Rio De Janeiro diabetes study 
 ADDIN EN.CITE 

[16]
. Our study reported lower HDL-C, LDL-C and higher fasting triglyceride levels amongst those in the highest quartiles of GV. While a number of other investigators have found high baseline triglycerides to be associated with subsequent GV, the lower cholesterol levels have not been consistently reported [41]. At baseline our subjects were not on lipid drugs, but such drug use was not excluded in other studies. We report a higher baseline eGFR with increased GV, this has only been reported in one other study 
 ADDIN EN.CITE 

[28]
, while other investigators have found associations with reduced baseline eGFR 
 ADDIN EN.CITE 

[14, 24]
. Clinical behaviours of higher incidence of smoking have also been observed by some groups 
 ADDIN EN.CITE 

[21, 41]
. In general, the large size of the FIELD trial, detailed subject characterisation and use of few (and aligned) pathology laboratories provides robust statistical power to assess associations between clinical and biochemical characteristics and GV.
We observed strong associations with composite microvascular endpoints and all measures of GV in this landmark study. In contrast, a retrospective analysis of the ADVANCE study found significant increased microvascular complications only with variability of fasting glucose levels 
 ADDIN EN.CITE 

[12]
. Our observed relationships between HbA1c and glucose GV and albuminuria are consistent with other studies, including a retrospective analyses of the Renal Insufficiency and Cardiovascular Events (RIACE) study, the Rio de Janeiro Type 2 Diabetes Cohort Study and the Hong Kong Diabetes Registry, where HbA1c and glucose GV were associated with an increased risk of albuminuria, reduced eGFR and chronic kidney disease 
 ADDIN EN.CITE 

[16, 21, 24]
. Only one group reported a lack of an association between long-term GV and change in eGFR; however, this was a retrospective analysis of a primary care database (n=791) rather than a randomised controlled trial 
 ADDIN EN.CITE 

[42]
. In this FIELD study, glucose GV remained significantly associated with subsequent on-study retinopathy, whereas for HbA1c GV the significance was lost after complete adjustment for covariates. To date, there is no consensus in the literature regarding the link between long-term GV and retinopathy in Type 2 Diabetes 
 ADDIN EN.CITE 

[7]
. Cardoso et al did not find a significant association between long-term GV and subsequent retinopathy (as defined by the International Clinical Diabetic retinopathy and Diabetic Macular Edema Disease scales or requirement for laser photocoagulation) in the Rio de Janeiro Type 2 Diabetes Cohort Study (n=654) 
 ADDIN EN.CITE 

[16]
, In the Verona Diabetes Study (n=1019) glucose CV was associated with baseline retinopathy defined from two field retinal photography; however, it did not predict progression or new development of retinopathy in a subset of 746 subjects who underwent longitudinal examination 
 ADDIN EN.CITE 

[43]
. There are differences in study size, definitions of complications, and likely in the area of the retina assessed for retinopathy status, which may contribute to study differences. There was no significant association between long-term GV and subsequent microvascular amputations in our FIELD study, although the study was likely underpowered for this endpoint as there were only 32 events, the incidence of which was reduced significantly by fenofibrate. To date, we are not aware of another study that has assessed microvascular amputations and GV. Similarly, we did not find a significant association between GV and peripheral neuropathy in the final model. Only the Rio de Janeiro Type 2 Diabetes Cohort Study (n=654) with a follow-up duration of 9.3 years has reported a relationship between HbA1c GV and incident neuropathy as defined by clinical examination and a validated questionnaire 
 ADDIN EN.CITE 

[16]
.
A recent meta-analysis of 20 studies reported a significant relationship between long-term GV and cardiovascular disease in Type 1 and Type 2 Diabetes 
 ADDIN EN.CITE 

[7]
. Although we found a significant association between GV and total macrovascular events in Model 2, after adjustment for the trajectory of glucose the statistical significance was lost. Our rigorous statistical adjustment for trajectory of glycaemic control may account for the differences observed between our results and other studies. We did observe a significant link between all GV measures and major CVD, which is consistent with the results from the Hong Kong Diabetes Registry and observational studies in Japan and China 
 ADDIN EN.CITE 

[21, 22, 33]
. In the FIELD study, coronary events after two years were significantly associated with glucose GV. The Veterans Affairs Diabetes trial (VADT; n=1659, followed for 7 years) found associations with cardiovascular disease and fasting glucose GV, not HbA1c GV, suggesting a greater impact of day-to-day fluctuations than longer-term control 
 ADDIN EN.CITE 

[32]
. Other groups have reported a relationship between HbA1c SD and coronary artery disease only in individuals with poor glycaemic control 
 ADDIN EN.CITE 

[36]
. Both HbA1c SD and CV were significantly linked to stroke development in our study. The RIACE study (n=8290, followed for 7 years) did not find HbA1c SD or CV to be significantly associated to subsequent cerebrovascular disease 
 ADDIN EN.CITE 

[44]
. To our knowledge, The Taiwan Diabetes Study (n=28354, followed for 7.5 years) is the only other group to report a positive association between stroke and long-term GV, where increased quartiles of glucose CV were independent covariates for an increased risk of ischaemic stroke; however, HbA1c variability was not reported in their study 
 ADDIN EN.CITE 

[15]
.
Our finding of significant associations between all measures of GV and total mortality is consistent with previous publications 
 ADDIN EN.CITE 

[11, 16, 25, 38]
. Fewer groups have assessed non-cardiovascular mortality, although The Taichung Diabetes group (n=5008, followed for 4.6 years with 401 deaths) reported increased cancer incidence and mortality with increasing glucose CV 
 ADDIN EN.CITE 

[18]
. This relationship has not been consistently described for HbA1c GV 
 ADDIN EN.CITE 

[28, 31]
. To our knowledge we are the first to report the association between HbA1c SD and CV and coronary mortality. The observed significant association between HbA1c CV and SD and cardiovascular mortality has not been demonstrated in a randomised controlled trial, although this has been reported from a retrospective audit of medical records 
 ADDIN EN.CITE 

[28]
. In contrast to our results, two groups (with 654 and 5008 subjects followed for 9.3 and 4.6 years, with 67 and 74 cardiovascular deaths, respectively) have found an association between glucose GV and cardiovascular mortality 
 ADDIN EN.CITE 

[16, 41]
.
The strength of the FIELD study is the large number of well-characterised subjects with relatively early Type 2 diabetes studied over a relatively long follow-up and frequent vascular events in an international randomised control trial (RCT) design. Measures of GV used are readily available in clinical practice, and particularly with electronic medical records could be readily calculated and incorporated into routine care. A further strength is the large number of clinically relevant endpoints, and because of the RCT nature of the trial, these endpoints were well-adjudicated. The study results are applicable to the general diabetes population as subjects were recruited from both general practice and hospital diabetes clinics, and management of diabetes glucose control was as per local guidelines and therefore the degree of GV likely reflects real-life practice. The statistical plan used a landmark approach to more strongly determine the association of GV and subsequent complications. Our rigorous statistical adjustment method, which included clinical demographics, medications, complications status and the adjustment for baseline and two-year HbA1c or fasting glucose, accounts for the trajectory of glucose change, while most other studies only adjust for baseline or mean glucose control. This study is further strengthened by the use of four measurements of GV to assess the association with complications. Baseline clinical data was very comprehensive and enabled a study of both clinical and laboratory data. The weakness of the study is the post-hoc design and that we cannot draw any conclusions regarding causation. Episodes of hypoglycaemia, including severe hypoglycaemia (a rare occurrence in the FIELD trial), were not considered in this data analysis, nor was CGM available at the time of trial conduct. Furthermore, the FIELD trial was conducted from 1998 to 2005, hence does not include new glucose control therapies including degludec insulin or sodium-glucose cotransporter 2 inhibitors (SGLT2 inhibitors), which may have favourable effects on GV [45].
The underlying mechanisms for the observed associations between GV and chronic complications found may include increased inflammation, oxidative stress, endothelial damage and epigenetic change 
 ADDIN EN.CITE 

[9, 46-49]
. However, it is not clear whether the long-term GV assessed in this trial clearly relates to the short-term glucose variability assessed at a basic science level. Glucose variability is known to increase risk of hypoglycaemia and this induces inflammation, a pro-thrombotic tendency and vasoconstriction, hence may increase risk of cardiovascular disease 
 ADDIN EN.CITE 

[32, 50]
 and explain the association with coronary events, major cardiovascular disease, coronary and cardiovascular death.
Given the association of long-term GV with chronic diabetes complications and mortality, the next clinically relevant question would be the impact of therapeutically lowering GV over time. Clinical targets for short term GV (CV less than 36%) and time in target range (3.9-10 mmol/L) have already been endorsed for individuals with diabetes 


[51] ADDIN EN.CITE .  However, there are no guidelines for long-term GV.  Means to lower GV include patient education and lifestyle changes, glucose lowering therapies and technologies including CGM [45].  Number needed to treat analyses of HbA1c CV ranged from 21 to 100 persons to prevent an additional vascular complication or death.  This highlights the potential clinical impact of long-term GV improvement.  Understanding the baseline factors prospectively associated with increased GV may alter clinical practice, including the frequency of screening for complications, or might alter the choice of glucose lowering therapies in such individuals. However, it is important to note that although there were statistically significant differences among the quartiles of variability (as for BMI), the clinical relevance of these small differences is not clear.
Future research should assess the association between short-term GV (as assessed with CGM) with long-term HbA1c and fasting glucose GV. Furthermore, trials aiming to reduce long-term GV, such as with agents including SGLT2 inhibitors are of interest.
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Figure Legends
Figure 1. Kaplan-Meier estimates of cumulative risk of events from two years by quartile of HbA1c CV (from Visit 1 to two years). a) retinopathy; b) microvascular amputations.
Figure 2. Kaplan-Meier estimates of cumulative risk of events from two years by quartile of HbA1c CV (from Visit 1 to two years). a) composite macrovascular events; b) major cardiovascular disease; c) coronary events; d) stroke.
Figure 3. Kaplan-Meier estimates of cumulative risk of events from two years by quartile of HbA1c CV (from Visit 1 to two years). a) total mortality; b) non-cardiovascular mortality; c) cardiovascular mortality; d) coronary mortality.
Figure 4. Forest plot of hazard ratios HbA1c CV over two years and subsequent complication development. a) Univariate hazard ratios; b) Multivariate hazard ratios (following adjustment for age, gender, baseline HbA1c, HbA1c at two years, fenofibrate or placebo allocation, systolic blood pressure, diabetes duration, prior cardiovascular disease, prior microvascular complications, and baseline use of oral hypoglycaemic agents, insulin and antihypertensive drugs.
Table 1. Baseline characteristics by quartile of HbA1c coefficient of variation
	Baseline Characteristics
	Q1
	Q2
	Q3
	Q4
	p

	n
	2447
	2448
	2448
	2447
	

	HbA1c mmol/mol (mean [SD])a
	46.9 (1.3)
	51.1 (1.3)
	53.2 (1.3)
	56.5 (1.4)
	<0.001

	HbA1c % (mean [SD])a
	6.5 (1.2)
	6.9 (1.2)
	7.1 (1.2)
	7.4 (1.2)
	<0.001

	HbA1c CV % (mean [SD])a
	4.4 (3.5-5.2)
	7.1 (6.5-7.7)
	9.9 (9.1-10.8)
	15.2 (13.3-18.0)
	<0.001

	Male 
	1493 (61)
	1524 (62)
	1559 (64)
	1560 (64)
	0.027

	Age (years, mean [SD])
	63.7 (6.8)
	62.7 (6.7)
	61.6 (6.9)
	61 (6.8)
	<0.001

	Diabetes duration (years, mean [SD])a
	4.0 (2.9)
	4.4 (2.8)
	4.5 (2.7)
	4.3 (2.8)
	0.055

	Body-mass index (kg/m2, mean [SD])a
	29.2 (1.2)
	29.9 (1.2)
	30.5 (1.2)
	31.2 (1.2)
	<0.001

	Waist-to-hip ratio (mean [SD])a
	0.92 (1.09)
	0.93 (1.09)
	0.93 (1.08)
	0.94 (1.09)
	<0.001

	Hypertensionb
	1350 (55)
	1380 (56)
	1405 (57)
	1407 (57)
	0.074

	Current smoker
	220 (9)
	199 (8)
	228 (9)
	274 (11)
	0.003

	Ex- or never smoker
	2227 (91)
	2249 (92)
	2220 (91)
	2173 (89)
	

	
	
	
	
	
	

	Chronic complications
	
	
	
	
	

	Composite macrovascular
	505 (21)
	550 (22)
	558 (23)
	517 (21)
	0.630

	Stroke
	84 (3)
	84 (3)
	90 (4)
	89 (4)
	0.610

	Angina
	269 (11)
	316 (13)
	324 (13)
	277 (11)
	0.660

	Peripheral vascular disease 
	152 (6)
	183 (7)
	188 (8)
	188 (8)
	0.049

	Coronary revascularisation (CABG or PTCA)
	87 (4)
	94 (4)
	94 (4)
	87 (4)
	1.00

	Composite microvascular 
	686 (28)
	797 (33)
	833 (34)
	955 (39)
	<0.001

	Retinopathyb
	172 (7)
	214 (9)
	211 (9)
	217 (9)
	0.031

	Neuropathy
	135 (6)
	140 (6)
	126 (5)
	163 (7)
	0.175

	Nephropathy
	488 (20)
	602 (25)
	644 (26)
	772 (32)
	<0.001

	Microvascular amputation
	3 (0)
	2 (0)
	5 (0)
	8 (0)
	0.058

	
	
	
	
	
	

	Lipids
	
	
	
	
	

	Total cholesterol (mmol/L, mean [SD])
	5.06 (0.71)
	5.03 (0.69)
	5.01 (0.71)
	5.04 (0.70)
	0.272

	LDL-cholesterol (mmol/L, mean [SD])
	3.11 (0.65)
	3.07 (0.64)
	3.05 (0.66)
	3.04 (0.66)
	<0.001

	HDL-cholesterol (mmol/L, mean [SD])
	1.13 (0.27)
	1.11 (0.26)
	1.08 (0.25)
	1.07 (0.26)
	<0.001

	Triglycerides (mmol/L, mean [SD])a
	1.68 (1.47)
	1.74 (1.49)
	1.82 (1.49)
	1.89 (1.52)
	<0.001

	
	
	
	
	
	

	Biochemistry
	
	
	
	
	

	eGFR (ml/min/1.73m2, mean [SD])
	82.9 (13.8)
	83.8 (14.1)
	85.4 (14.0)
	85.9 (14.5)
	<0.001

	  Plasma creatinine (mol/L, mean [SD])
	78.0 (15.6)
	77.9 (15.9)
	77.2 (15.4)
	77.1 (16.2)
	0.028

	
	
	
	
	
	

	Homocysteine (mol/L, mean [SD])
	9.8 (1.3)
	9.6 (1.3)
	9.6 (1.3)
	9.7 (1.3)
	0.573

	
	
	
	
	
	

	Glucose control therapy
	
	
	
	
	

	Diet alone
	922 (38)
	663 (27)
	533 (22)
	488 (20)
	<0.001

	Metformin alone
	444 (18)
	424 (17)
	418 (17)
	433 (18)
	0.64

	Sulfonylurea alone
	367 (15)
	392 (16)
	416 (17)
	436 (18)
	0.005

	Other oral agent alone
	11 (0)
	3 (0)
	3 (0)
	2 (0)
	0.006

	Insulin alone
	146 (6)
	175 (7)
	161 (7)
	125 (5)
	0.149

	Metformin and sulfonylurea
	407 (17)
	550 (22)
	667 (27)
	696 (28)
	<0.001

	Metformin and/or sulfonylurea and other oral agent
	28 (1)
	50 (2)
	41 (2)
	51 (2)
	0.038

	Insulin and oral agent
	122 (5)
	191 (8)
	209 (9)
	216 (9)
	<0.001

	
	
	
	
	
	

	Other pharmacotherapy
	
	
	
	
	

	Any antithrombotic
	816 (33)
	790 (32)
	791 (32)
	669 (27)
	<0.001

	Aspirin
	761 (31)
	726 (30)
	731 (30)
	610 (25)
	<0.001

	Angiotensin-converting enzyme inhibitor
	693 (28)
	847 (35)
	888 (36)
	850 (35)
	<0.001

	Angiotensin II receptor antagonist
	137 (6)
	124 (5)
	121 (5)
	140 (6)
	0.904

	B blocker
	381 (16)
	346 (14)
	352 (14)
	343 (14)
	0.166

	Calcium antagonist
	465 (19)
	484 (20)
	459 (19)
	483 (20)
	0.740

	Nitrate
	137 (6)
	139 (6)
	153 (6)
	121 (5)
	0.505

	Diuretic
	351 (14)
	368 (15)
	383 (16)
	381 (16)
	0.186

	
	
	
	
	
	

	Fenofibrate randomisation
	1223 (50)
	1223 (50)
	1224 (50)
	1223 (50)
	0.993


CABG, coronary artery bypass grafting; PTCA, percutaneous transluminal coronary angioplasty. Data are number (%) unless indicated. aLog-transformed and geometric means and geometric SDs are presented. bReported at Visit 1. Laboratory data is the mean of Visits 2 and 3 for lipids, mean of Visits 1 and 3 for HbA1c and creatinine, and Visit 3 only for homocysteine.
Table 2. Risk of complication development from two years by glycaemic variability parameter over the initial two years of the study.

	Complication
	GV
	Model 2

hazard ratio (95% CI)
	Model 3

hazard ratio (95% CI)

	Microvascular complications
	HbA1c CV
	1.03 (1.02-1.04)***
	1.02 (1.01-1.03)**

	
	Glucose CV
	1.02 (1.01-1.02)***
	1.01 (1.00-1.01)***

	
	HbA1c SD
	1.62 (1.47-1.80)***
	1.21 (1.07-1.37 )**

	
	Glucose SD
	1.22 (1.17-1.26)***
	1.09 (1.04-1.14)***

	Retinopathy
	HbA1c CV
	1.06 (1.03- 1.08)***
	1.02 (0.99-1.05)

	
	Glucose CV
	1.04 (1.03-1.05)***
	1.01 (1.00-1.03)*

	
	HbA1c SD
	2.40 (1.88-3.05)***
	1.20 (0.85-1.70)

	
	Glucose SD
	1.47 (1.36-1.58)***
	1.10 (0.97-1.23)

	Albuminuria
	HbA1c CV
	1.04 (1.03-1.05)***
	1.02 (1.01-1.03)***

	
	Glucose CV
	1.02 (1.01-1.02)***
	1.01 (1.01-1.02)***

	
	HbA1c SD
	1.65 (1.47-1.85)***
	1.29 (1.12-1.48)***

	
	Glucose SD
	1.20 (1.15-1.25)***
	1.13 (1.07-1.19)***

	Peripheral neuropathy
	HbA1c CV
	1.02 (1.00-1.03)*
	1.00 (0.98-1.02)

	
	Glucose CV
	1.01 (1.00-1.02)**
	1.00 (0.99-1.01)

	
	HbA1c SD
	1.30 (1.10-1.55)**
	0.98 (0.79-1.22)

	
	Glucose SD
	1.15 (1.08-1.21)***
	1.02 (0.94-1.10

	Microvascular amputations
	HbA1c CV
	1.05 (0.99-1.11)
	1.02 (0.95-1.09)

	
	Glucose CV
	1.04 (1.01-1.06)**
	1.01 (0.98-1.04)

	
	HbA1c SD
	2.26 (1.29-3.95)**
	1.29 (0.59-2.82)

	
	Glucose SD
	1.44 (1.23-1.68)***
	1.09 (0.83-1.45)

	
	
	
	

	Macrovascular complications
	HbA1c CV
	1.03 (1.01-1.04)***
	1.01 (1.00-1.03)

	
	Glucose CV
	1.01 (1.01-1.02)***
	1.01 (1.00-1.01)

	
	HbA1c SD
	1.42 (1.23-1.64)***
	1.16 (0.97-1.39)

	
	Glucose SD
	1.16 (1.10-1.21)***
	1.06 (1.00-1.13)

	Coronary events
	HbA1c CV
	1.03 (1.01-1.05)**
	1.01 (0.99-1.03)

	
	Glucose CV
	1.02 (1.02-1.03)***
	1.01 (1.00-1.02)*

	
	HbA1c SD
	1.59 (1.29-1.96)***
	1.16 (0.90-1.50)

	
	Glucose SD
	1.26 (1.19-1.34)***
	1.12 (1.03-1.22)**

	Major cardiovascular disease
	HbA1c CV
	1.04 (1.02-1.05)***
	1.02 (1.00-1.04)*

	
	Glucose CV
	1.02 (1.01-1.03)***
	1.01 (1.00-1.02)*

	
	HbA1c SD
	1.69 (1.43-1.99)***
	1.28 (1.04-1.57)*

	
	Glucose SD
	1.23 (1.17-1.30)***
	1.11 (1.03-1.19)**

	Stroke
	HbA1c CV
	1.05 (1.02-1.07)***
	1.03 (1.01-1.06)**

	
	Glucose CV
	1.01 (1.00-1.03)*
	1.01 (0.99-1.02)

	
	HbA1c SD
	1.83 (1.41-2.39)***
	1.52 (1.10-2.11)*

	
	Glucose SD
	1.17 (1.07-1.29)***
	1.07 (0.95-1.22)

	
	
	
	

	Total mortality
	HbA1c CV
	1.05 (1.03-1.06)***
	1.04 (1.02-1.06)***

	
	Glucose CV
	1.02 (1.01-1.03)***
	1.01 (1.01-1.02)***

	
	HbA1c SD
	1.76 (1.50-2.08)***
	1.69 (1.37-2.08)***

	
	Glucose SD
	1.18 (1.12-1.25)***
	1.14 (1.06-1.23)***

	Cardiovascular mortality
	HbA1c CV
	1.05 (1.03-1.07)***
	1.03 (1.01-1.06)*

	
	Glucose CV
	1.03 (1.01-1.04)***
	1.01 (1.00-1.02)

	
	HbA1c SD
	2.02 (1.57-2.60)***
	1.55 (1.11-2.16)**

	
	Glucose SD
	1.26 (1.16-1.37)***
	1.10 (0.97-1.25)

	Coronary mortality
	HbA1c CV
	1.05 (1.03-1.08)***
	1.04 (1.01-1.07)*

	
	Glucose CV
	1.03 (1.02-1.04)***
	1.01 (1.00-1.03)

	
	HbA1c SD
	2.10 (1.58-2.79)***
	1.63 (1.12-2.37)*

	
	Glucose SD
	1.29 (1.18-1.41)***
	1.14 (0.99-1.30)

	Non-cardiovascular mortality
	HbA1c CV
	1.04 (1.02-1.06)***
	1.05 (1.02-1.07)***

	
	Glucose CV
	1.01 (1.01-1.02)**
	1.02 (1.01-1.03)***

	
	HbA1c SD
	1.61 (1.30-2.00)***
	1.82 (1.40-2.37)***

	
	Glucose SD
	1.13 (1.05-1.22)**
	1.18 (1.07-1.30)**


Hazard ratios calculated by logistic regression (microvascular complications, albuminuria, peripheral neuropathy) or Cox proportional hazard regression. Model 1 is unadjusted. Model 2 is adjusted for age and gender. Model 3 is adjusted for age, gender, baseline HbA1c or glucose, two-year HbA1c or glucose, fenofibrate or placebo allocation, systolic blood pressure, diabetes duration, prior cardiovascular disease, prior microvascular complications, baseline use of oral hypoglycaemics, insulin and anti-hypertensives.

*p<0.05 **p<0.01 ***p<0.001
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Supplementary Table 1. Baseline characteristics by quartile of glucose coefficient of variation 

	Baseline Characteristics
	Q1
	Q2
	Q3
	Q4
	p

	n
	2448
	2448
	2448
	2448
	

	HbA1c (mmol/mol mean [SD])a
	44.6 (1.3)
	49.6 (1.3)
	54.5 (1.3)
	59.7 (1.3)
	<0.001

	HbA1c (% mean [SD])a
	6.3 (1.2)
	6.7 (1.2)
	7.2 (1.2)
	7.7 (1.2)
	<0.001

	Glucose CV (% median [IQR])
	8.3 (6.3-9.9)
	14.2 (12.7-15.7)
	20.8 (19.0-22.9)
	31.7 (27.9-37.7)
	<0.001

	Male 
	1480 (60)
	1526 (62)
	1564 (64)
	1565 (64)
	0.006

	Age (years, mean [SD])
	62.9 (6.8)
	62.3 (6.8)
	62.0 (7.0)
	61.6 (6.9)
	<0.001

	Diabetes duration (years, mean [SD])a
	3.1 (2.8)
	3.8 (2.8)
	5.0 (2.7)
	5.8 (2.7)
	<0.001

	BMI (kg/m2, mean [SD])a
	29.4 (1.2)
	30.2 (1.2)
	30.5 (1.2)
	30.6 (1.2)
	<0.001

	Waist-to-hip ratio (mean [SD])a
	0.92 (1.09)
	0.93 (1.09)
	0.93 (1.08)
	0.94 (1.09)
	<0.001

	Hypertensionb
	1372 (56)
	1376 (56)
	1411 (58)
	1387 (57)
	0.466

	Current smoker
	224 (9)
	199 (8)
	233 (10)
	266 (11)
	0.013

	Ex- or never smoker
	2224 (91)
	2249 (92)
	2215 (90)
	2182 (89)
	

	
	
	
	
	
	

	Chronic complications
	
	
	
	
	

	Composite macrovascular
	471 (19)
	496 (20)
	542 (22)
	621 (25)
	<0.001

	Stroke
	73 (3)
	89 (4)
	88 (4)
	97 (4)
	0.083

	Angina
	258 (11)
	261 (11)
	333 (14)
	334 (14)
	<0.001

	Peripheral vascular disease
	139 (6)
	160 (7)
	167 (7)
	245 (10)
	<0.001

	Coronary revascularisation (CABG or PTCA)
	79 (3)
	75 (3)
	100 (4)
	108 (4)
	0.007

	Composite microvascular
	605 (25)
	719 (29)
	906 (37)
	1041 (43)
	<0.001

	Retinopathyb
	102 (4)
	150 (6)
	233 (10)
	329 (13)
	<0.001

	Neuropathy
	96 (4)
	107 (4)
	170 (7)
	190 (8)
	<0.001

	Nephropathy
	459 (19)
	569 (23)
	682 (28)
	797 (33)
	<0.001

	Microvascular amputation
	5 (0)
	3 (0)
	3 (0)
	7 (0)
	0.527

	
	
	
	
	
	

	Lipids
	
	
	
	
	

	Total cholesterol (mmol/L, mean [SD])
	5.06 (0.69)
	5.03 (0.72)
	5.03 (0.71)
	5.03 (0.69)
	0.126

	LDL-cholesterol (mmol/L, mean [SD])
	3.10 (0.63)
	3.06 (0.66)
	3.06 (0.66)
	3.05 (0.65)
	0.030

	HDL-cholesterol (mmol/L, mean [SD])
	1.13 (0.27)
	1.09 (0.25)
	1.08 (0.25)
	1.09 (0.26)
	<0.001

	Triglycerides (mmol/L, mean [SD])a
	1.72 (1.47)
	1.80 (1.50)
	1.81 (1.50)
	1.80 (1.52)
	<0.001

	
	
	
	
	
	

	Biochemistry
	
	
	
	
	

	eGFR (ml/min/1.73m2, mean [SD])
	83.8 (13.5)
	85.0 (14.1)
	84.7 (14.3)
	84.4 (14.7)
	0.372

	Plasma creatinine (mol/L, mean [SD])
	77.5 (15.3)
	76.8 (15.8)
	77.6 (15.6)
	78.3 (16.4)
	0.011

	Homocysteine (mol/L, mean [SD])a
	9.6 (1.3)
	9.6 (1.3)
	9.8 (1.3)
	9.9 (1.4)
	<0.001

	
	
	
	
	
	

	Glucose control therapy
	
	
	
	
	

	Diet alone
	1206 (49)
	716 (29)
	412 (17)
	274 (11)
	<0.001

	Metformin alone
	495 (20)
	511 (21)
	412 (17)
	302 (12)
	<0.001

	Sulfonylurea alone
	335 (14)
	447 (18)
	438 (18)
	390 (16)
	0.057

	Other oral agent alone
	11 (0)
	3 (0)
	3 (0)
	2 (0)
	0.006

	Insulin alone
	34 (1)
	78 (3)
	178 (7)
	317 (13)
	<0.001

	Metformin and sulfonylurea
	303 (12)
	545 (22)
	722 (29)
	749 (31)
	<0.001

	Metformin and/or sulfonylurea and other oral agent
	19 (0)
	35 (2)
	49 (2)
	67 (3)
	<0.001

	Insulin and oral agent
	45 (2)
	113 (5)
	234 (10)
	347 (14)
	<0.001

	
	
	
	
	
	

	Other pharmacotherapy
	
	
	
	
	

	Any antithrombotic 
	769 (31)
	765 (31)
	774 (32)
	759 (31)
	0.838

	Aspirin
	725 (30)
	711 (29)
	699 (29)
	694 (28)
	0.295

	Angiotensin-converting enzyme inhibitor
	710 (29)
	809 (33)
	877 (36)
	885 (36)
	<0.001

	Angiotensin II receptor antagonist
	148 (6)
	132 (5)
	119 (5)
	123 (5)
	0.077

	B blocker
	374 (15)
	330 (13)
	353 (14)
	365 (15)
	0.959

	Calcium antagonist
	470 (19)
	441 (18)
	461 (19)
	520 (21)
	0.052

	Nitrate
	124 (5)
	122 (5)
	134 (5)
	170 (7)
	0.003

	Diuretic
	353 (14)
	368 (15)
	403 (16)
	360 (15)
	0.480

	
	
	
	
	
	

	Fenofibrate randomisation
	1223 (50)
	1223 (50)
	1224 (50)
	1223 (50)
	0.993


CABG- coronary artery bypass grafting, PTCA- percutaneous transluminal coronary angioplasty.  aLog-transformed and geometric means and geometric SDs are presented.  Data are number (%) unless indicated.  bReported at visit 1. Laboratory data is the mean of visit 2 and 3 for lipids, mean of visit 1 and 3 for HbA1c and creatinine, and visit 3 only for homocysteine.  

Supplementary Table 2. Baseline characteristics by quartile of HbA1c standard deviation

	Baseline Characteristics
	Q1
	Q2
	Q3
	Q4
	p

	N
	2443
	2455
	2444
	2448
	

	HbA1c (mmol/mol mean [SD]a
	44.3 (1.2)
	49.6 (1.2)
	54.3 (1.3)
	60.3 (1.3)
	<0.001

	HbA1c (% mean [SD])a
	6.2 (1.2)
	6.7 (1.2)
	7.2 (1.2)
	7.7 (1.2)
	<0.001

	HbA1c SD (% median [IQR])
	0.3 (0.2-0.3)
	0.5 (0.4-0.5)
	0.7 (0.7-0.8)
	1.2 (1.0-1.4)
	<0.001

	Male 
	1481 (61)
	1560 (64)
	1552 (64)
	1543 (63)
	0.101

	Age (years, mean [SD])
	63.6 (6.7)
	62.9 (6.8)
	61.8 (6.8)
	60.6 (6.8)
	<0.001

	Diabetes duration (years, mean [SD])a
	3.6 (3.0)
	4.4 (2.8)
	4.6 (2.8)
	4.7 (2.7)
	<0.001

	BMI (kg/m2, mean [SD])a
	29.2 (1.2)
	29.8 (1.2)
	30.5 (1.2)
	31.3 (1.2)
	<0.001

	Waist-to-hip ratio (mean [SD])a
	0.92 (1.09)
	0.93 (1.08)
	0.93 (1.08)
	0.94 (1.09)
	<0.001

	Hypertensionb
	1356 (56)
	1409 (57)
	1402 (57)
	1375 (56)
	0.663

	Current smoker
	216 (9)
	190 (8)
	229 (9)
	286 (12)
	<0.001

	Ex- or never smoker
	2227 (91)
	2265 (92)
	2215 (91)
	2162 (88)
	

	
	
	
	
	
	

	Chronic complications
	
	
	
	
	

	Composite macrovascular
	501 (21)
	536 (22)
	564 (23)
	529 (22)
	0.223

	Stroke
	89 (4)
	74 (3)
	89 (4)
	95 (4)
	0.422

	Angina
	268 (11)
	305 (12)
	332 (14)
	281 (11)
	0.364

	Peripheral vascular disease 
	144 (6)
	178 (7)
	202 (8)
	187 (8)
	0.008

	Coronary revascularisation  (CABG or PTCA)
	91 (4)
	91 (4)
	93 (4)
	87 (4)
	0.808

	Composite microvascular
	633 (26)
	779 (32)
	873 (36)
	986 (40)
	<0.001

	Retinopathyb
	146 (6)
	202 (8)
	218 (9)
	248 (10)
	<0.001

	Neuropathy
	118 (5)
	144 (6)
	140 (6)
	162 (7)
	0.013

	Nephropathy
	457 (19)
	577 (24)
	687 (28)
	785 (32)
	<0.001

	Microvascular amputation
	3 (0)
	3 (0)
	5 (0)
	7 (0)
	0.140

	
	
	
	
	
	

	Lipids
	
	
	
	
	

	Total cholesterol (mmol/L, mean [SD])
	5.06 (0.71)
	5.02 (0.70)
	5.02 (0.71)
	5.05 (0.69)
	0.701

	LDL-cholesterol (mmol/L, mean [SD])
	3.11 (0.65)
	3.06 (0.64)
	3.04 (0.66)
	3.05 (0.65)
	0.004

	HDL-cholesterol (mmol/L, mean [SD])
	1.13 (0.27)
	1.10 (0.26)
	1.08 (0.25)
	1.07 (0.25)
	<0.001

	Triglycerides (mmol/L, mean [SD])a
	1.68 (1.5)
	1.75 (1.49)
	1.82 (1.49)
	1.89 (1.52)
	<0.001

	
	
	
	
	
	

	Biochemistry
	
	
	
	
	

	eGFR (ml/min/1.73m2 (mean [SD])
	83.1 (13.8)
	83.5 (13.8)
	85.0 (14.4)
	86.3 (14.4)
	<0.001

	Plasma creatinine (mol/L, mean [SD])
	77.7 (15.6)
	78.3 (15.5)
	77.5 (16.0)
	76.8 (15.9)
	0.005

	Homocysteine (mol/L, mean [SD])a
	9.8 (1.3)
	9.6 (1.3)
	9.7 (1.3)
	9.7 (1.3)
	0.256

	
	
	
	
	
	

	Glucose control therapy
	
	
	
	
	

	Diet alone
	1047 (43)
	670 (27)
	496 (20)
	393 (16)
	<0.001

	Metformin alone
	450 (18)
	451 (18)
	409 (17)
	409 (17)
	0.049

	Sulfonylurea alone
	367 (15)
	408 (17)
	415 (17)
	421 (17)
	0.040

	Other oral agent alone
	13 (1)
	1 (0)
	3 (0)
	2 (0)
	0.001

	Insulin alone
	115 (5)
	168 (7)
	174 (7)
	150 (6)
	0.038

	
	
	
	
	
	

	Metformin and sulfonylurea
	350 (14)
	556 (23)
	664 (27)
	750 (31)
	<0.001

	Metformin and/or sulfonylurea + other oral agent
	19 (1)
	42 (2)
	55 (2)
	54 (2)
	<0.001

	Insulin + oral agent
	82 (3)
	159 (6)
	228 (9)
	269 (11)
	<0.001

	
	
	
	
	
	

	Other pharmacotherapy
	
	
	
	
	

	Any antithrombotic
	798 (33)
	804 (33)
	791 (32)
	673 (27)
	<0.001

	Aspirin
	747 (31)
	740 (30)
	731 (30)
	610 (25)
	<0.001

	Angiotensin-converting enzyme inhibitor
	692 (28)
	830 (34)
	911 (37)
	845 (35)
	<0.001

	Angiotensin II receptor antagonist
	134 (5)
	141 (6)
	119 (5)
	128 (5)
	0.418

	B blocker
	372 (15)
	346 (14)
	355 (15)
	349 (14)
	0.437

	Calcium antagonist
	479 (20)
	488 (20)
	457 (19)
	467 (19)
	0.438

	Nitrate
	131 (5)
	137 (6)
	156 (6)
	126 (5)
	0.941

	Diuretic
	357 (15)
	376 (15)
	376 (15)
	374 (15)
	0.525

	
	
	
	
	
	

	Fenofibrate randomisation
	1224 (50)
	1222 (50)
	1223 (50)
	1224 (50)
	0.993


CABG, coronary artery bypass grafting; PTCA, percutaneous transluminal coronary angioplasty. aLog-transformed and geometric means and geometric SDs are presented. Data are number (%) unless indicated. bReported at Visit 1. Laboratory data is the mean of Visits 2 and 3 for lipids, mean of Visits 1 and 3 for HbA1c and creatinine, and Visit 3 only for homocysteine.
Supplementary Table 3. Baseline characteristics by quartile of glucose standard deviation

	Baseline Characteristics
	Q1
	Q2
	Q3
	Q4
	p

	N
	2448
	2449
	2448
	2447
	

	HbA1c (mmol/mol mean [SD])a
	42.7 (1.2)
	49.2 (1.2)
	54.6 (1.3)
	62.8 (1.3)
	<0.001

	HbA1c (% mean [SD])a
	6.1 (1.1)
	6.7 (1.2)
	7.2 (1.2)
	7.9 (1.2)
	<0.001

	Glucose SD (mmol/L, median [IQR])
	0.6 (0.4-0.8)
	1.2 (1.0-1.3)
	1.9 (1.7-2.1)
	3.1 (2.6-3.8)
	<0.001

	Male 
	1463 (60)
	1515 (62)
	1606 (66)
	1551 (63)
	0.001

	Age (years, mean [SD])
	63.3 (6.7)
	62.5 (6.8)
	62.1 (6.8)
	61.0 (6.9)
	<0.001

	Diabetes duration (years,  mean [SD])a
	2.9 (2.8)
	3.9 (2.8)
	5.2 (2.7)
	5.9 (2.6)
	<0.001

	BMI (kg/m2, mean [SD])a
	29.3 (1.2)
	30.2 (1.2)
	30.4 (1.2)
	30.9 (1.2)
	<0.001

	Waist-to-hip ratio (mean [SD])a
	0.92 (1.1)
	0.93 (1.1)
	0.94 (1.1)
	0.94 (1.1)
	<0.001

	Hypertensionb
	1386 (57)
	1406 (57)
	1385 (57)
	1369 (56)
	0.525

	Current smoker
	224 (9)
	199 (8)
	233 (10)
	 266 (11)
	0.013

	Ex- or never smoker
	2224 (91)
	2250 (92)
	2215 (90)
	2181 (89)
	

	
	
	
	
	
	

	Chronic complications
	
	
	
	
	

	Composite macrovascular
	479 (20)
	491 (20)
	568 (23)
	592 (24)
	<0.001

	Stroke
	76 (3)
	81 (3)
	93 (4)
	97 (4)
	0.066

	Angina
	274 (11)
	260 (11)
	334 (14)
	318 (13)
	0.004

	Peripheral vascular disease 
	137 (6)
	160 (7)
	192 (8)
	222 (9)
	<0.001

	Coronary revascularisation (CABG or PTCA)
	82 (3)
	74 (3)
	104 (4)
	102 (4)
	0.031

	Composite microvascular
	579 (24)
	730 (30)
	891 (36)
	1071 (44)
	<0.001

	Retinopathyb
	98 (4)
	141 (6)
	228 (9)
	347 (14)
	<0.001

	Neuropathy
	97 (4)
	116 (5)
	155 (6)
	195 (8)
	<0.001

	Nephropathy
	426 (17)
	579 (24)
	687 (28)
	815 (33)
	<0.001

	Microvascular amputation
	4 (0)
	5 (0)
	4 (0)
	5 (0)
	0.832

	
	
	
	
	
	

	Lipids
	
	
	
	
	

	Total cholesterol (mmol/L, mean [SD])
	5.06 (0.71)
	5.04 (0.72)
	5.01 (0.69)
	5.04 (0.69)
	0.194

	LDL-cholesterol (mmol/L, mean [SD])
	3.11 (0.64)
	3.07 (0.66)
	3.04 (0.65)
	3.05 (0.65)
	0.001

	HDL-cholesterol (mmol/L, mean [SD])
	1.13 (0.27)
	1.10 (0.24)
	1.08 (0.26)
	1.08 (0.26)
	<0.001

	Triglycerides (mmol/L,  mean [SD])a
	1.69 (1.47)
	1.79 (1.49)
	1.83 (1.49)
	1.84 (1.53)
	<0.001

	
	
	
	
	
	

	Biochemistry
	
	
	
	
	

	eGFR (ml/min/1.73m2, mean [SD])
	83.3 (13.7)
	84.4 (13.9)
	84.6 (14.2)
	85.7 (14.6)
	<0.001

	Plasma creatinine (mol/L, mean [SD])
	77.7 (15.6)
	77.4 (15.7)
	78.0 (15.7)
	77.2 (16.1)
	0.440

	Homocysteine (mol/L, mean [SD])a
	9.7 (1.3)
	9.7 (1.3)
	9.7 (1.3)
	9.7 (1.4)
	0.411

	
	
	
	
	
	

	Glucose control therapy
	
	
	
	
	

	Diet alone
	1303 (53)
	697 (28)
	370 (15)
	238 (10)
	<0.001

	Metformin alone
	503 (21)
	516 (21)
	403 (16)
	297 (12)
	<0.001

	Sulfonylurea alone
	319 (13)
	464 (19)
	474 (19)
	352 (14)
	0.177

	Other oral agent alone
	12 (0)
	1 (0)
	5 (0)
	1 (0)
	0.003

	Insulin alone
	26 (1)
	84 (3)
	163 (7)
	334 (14)
	<0.001

	Metformin and sulfonylurea
	235 (10)
	539 (22)
	732 (30)
	813 (433)
	<0.001

	Metformin and/or sulfonylurea and other oral agent
	14 (1)
	29 (1)
	62 (3)
	65 (3)
	<0.001

	Insulin and oral agent
	36 (1)
	119 (5)
	238 (10)
	346 (14)
	<0.001

	
	
	
	
	
	

	Other pharmacotherapy
	
	
	
	
	

	Any antithrombotic
	795 (32)
	771 (31)
	784 (32)
	717 (29)
	0.032

	Aspirin
	744 (30)
	718 (29)
	716 (29)
	651 (27)
	0.005

	Angiotensin-converting enzyme inhibitor
	725 (30)
	808 (33)
	866 (35)
	882 (36)
	<0.001

	Angiotensin II receptor antagonist
	152 (6)
	137 (6)
	113 (5)
	120 (5)
	0.016

	B blocker
	368 (15)
	339 (14)
	351 (14)
	364 (15)
	0.994

	Calcium antagonist
	484 (20)
	451 (18)
	463 (19)
	494 (20)
	0.624

	Nitrate
	134 (5)
	126 (5)
	136 (6)
	154 (6)
	0.168

	Diuretic
	359 (15)
	385 (16)
	377 (15)
	363 (15)
	0.954

	
	
	
	
	
	

	Fenofibrate randomisation
	1223 (50)
	1224 (50)
	1223 (50)
	1223 (50)
	0.993


CABG, coronary artery bypass grafting; PTCA, percutaneous transluminal coronary angioplasty. aLog-transformed and geometric means and geometric SDs are presented.  Data are number (%) unless indicated. bReported at Visit 1. Laboratory data is the mean of Visits 2 and 3 for lipids, mean of Visits 1 and 3 for HbA1c and creatinine, and Visit 3 only for homocysteine.
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Supplementary Figure 1. Kaplan Meier estimates of cumulative risk of events from two years by quartile of glucose CV (from Visit 1 to two years). A) retinopathy, B) microvascular amputations.
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Supplementary Figure 2. Kaplan Meier estimates of cumulative risk of events from two years by quartile of Glucose CV (from visit one to two years) a) composite macrovascular events b) major cardiovascular disease c) coronary events d) stroke.
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Supplementary Figure 3. Kaplan Meier estimates of cumulative risk of events from two years by quartile of Glucose CV (from visit one to two years) a) total mortality b) non-cardiovascular mortality c) cardiovascular mortality d) coronary mortality. 
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Supplementary Figure 4. Kaplan Meier estimates of cumulative risk of events from two years by quartile of HbA1c SD (from visit one to two years) a) retinopathy b) microvascular amputations.
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Supplementary Figure 5. Kaplan Meier estimates of cumulative risk of events from two years by quartile of HbA1c SD (from visit one to two years) a) composite macrovascular events b) major cardiovascular disease c) coronary events d) stroke.
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Supplementary Figure 6. Kaplan Meier estimates of cumulative risk of events from two years by quartile of HbA1c SD (from visit one to two years) a) total mortality b) non-cardiovascular mortality c) cardiovascular mortality d) coronary mortality.
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Supplementary Figure 7. Kaplan Meier estimates of cumulative risk of events from two years by quartile of Glucose SD (from visit one to two years) a) retinopathy b) microvascular amputations.
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Supplementary Figure 8. Kaplan Meier estimates of cumulative risk of events from two years by quartile of Glucose SD (from visit one to two years) a) composite macrovascular events b) major cardiovascular disease c) coronary events d) stroke.
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Supplementary Figure 9. Kaplan Meier estimates of cumulative risk of events from two years by quartile of Glucose SD (from visit one to two years) a) total mortality b) non-cardiovascular mortality c) non-cardiovascular mortality d) coronary mortality.
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Supplementary Figure 10. Forest plot of hazard ratios Glucose CV over two years and subsequent complication development A) Univariate hazard ratios B) Multivariate hazard ratios (following adjustment for age, gender, baseline fasting glucose, fasting glucose at two years, fenofibrate or placebo allocation, systolic blood pressure, diabetes duration, prior cardiovascular disease, prior microvascular complications, and baseline use of oral hypoglycaemic agents, insulin and antihypertensive drugs.  
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