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Cardiovascular disease in type 2 diabetes
Attributable risk due to modifiable risk factors

John Zeber PhD Michael L. Parchman MD

AbstrAct

ObJEctIVE  To examine the common clinical and behavioural factors that contribute to cardiovascular disease 
(CVD) risk (ie, attributable risk) among those with type 2 diabetes.

DEsIGN Analysis of data from a larger observational study. Using the validated UK Prospective Diabetes 
Study risk engine, the primary analysis examined the prevalence and attributable risk of CVD for 4 factors. 
Multivariable models also examined the association between attributable CVD risk and appropriate self-
management behaviour. 

sEttING Twenty primary health care clinics in the South Texas area of the United States.

PArtIcIPANts A total of 313 patients with type 2 diabetes mellitus currently receiving primary care services for 
their condition.

MAIN OUtcOME MEAsUrEs Prevalence of elevated CVD risk factors (glycated hemoglobin [HbA1c] levels, 
blood pressure, lipid levels, and smoking status), the attributable risk owing to these factors, and the 
association between attributable risk of CVD and diet, exercise, and medication adherence.

rEsULts The mean 10-year CVD risk for the study population (N = 313) was 16.2%, with a range of 6.5% to 
48.5% across clinics; nearly one-third of this total risk was attributable to modifiable factors. The primary 
variable driving risk reduction was HbA1c levels, followed by smoking status and lipid levels. Patients who 
were carefully engaged in monitoring their diets and 
medications reduced their CVD risk by 44% and 39%, 
respectively (P < .03). 

cONcLUsION Patients with diabetes experience a 
substantial risk of CVD owing to potentially modifiable 
behavioural factors. High-quality diabetes care requires 
targeting modifiable patient factors strongly associated 
with CVD risk, including self-management behaviour 
such as diet and medication adherence, to better tailor 
clinical interventions and improve the health status of 
individuals with this chronic condition.

EDItOr’s kEy POINts

•	 Cardiovascular	disease	(CVD)	is	a	serious	preventable	
complication	 of	 diabetes	 that	 leads	 to	 substantial	
disease	 burden,	 increased	 health	 services	 use,	 and	
premature	mortality.	 Important	modifiable	CVD	risk	
factors	 in	 patients	with	 diabetes	 include	 glycated	
hemoglobin	 levels,	 blood	 pressure,	 lipid	 levels,	 and	
smoking	 status.	Managing	 the	 numerous	 risk	 fac-
tors	 responsible	 for	CVD	 in	people	with	 type	2	dia-
betes	 represents	 an	 ongoing	 challenge	 for	 primary	
care	clinicians,	 strongly	 influencing	 their	 treatment	
approaches	for	this	complex	disease.

•	 This	 study	 examined	 the	 common	 clinical	 and	
behavioural	 factors	 that	 contribute	 to	CVD	 risk	 (ie,	
attributable	 risk).	 Results	 showed	 that	 the	 overall	
level	of	current	CVD	risk	for	patients	with	diabetes	
was	dangerously	elevated,	with	a	substantial	level	of	
variation	observed	among	the	clinics	studied.

•	 Attention	 to	 modifiable	 risk	 factors	 can	 greatly	
reduce	 overall	 CVD	 risk.	 Specific	 interventions	
offered	 through	 primary	 care	 practices,	 such	 as	
smoking	 prevention,	 weight-reduction	 efforts,	
improving	 decisions	 surrounding	medication	 adher-
ence,	and	other	behavioural	changes,	are	quite	likely	
to	mitigate	 the	 risk	 of	 serious	 comorbid	 complica-
tions	of	diabetes.This	article	has	been	peer	reviewed.
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Maladies cardiovasculaires liées au diabète de type 2
Risque attribuable dû à des facteurs de risque modifiables  

John Zeber PhD Michael L. Parchman MD

résUMé

ObJEctIF Examiner les facteurs cliniques et comportementaux courants qui contribuent aux maladies 
cardiovasculaires (MCV) (c.-à-d. le risque attribuable) chez les personnes atteintes du diabète de type 2.  

tyPE D’étUDE Analyse des données tirées d’une importante étude observationnelle. À l’aide de l’instrument 
validé de mesure du risque d’une étude prospective sur le diabète au Royaume-Uni, l’analyse primaire 
examinait l’association entre le risque attribuable de MCV et un comportement approprié dans la prise en 
charge de leur santé par les intéressés.

cONtEXtE Vingt cliniques médicales de soins primaires dans la région du sud du Texas, aux États-Unis.  

PArtIcIPANts Total de 313 patients ayant un diabète de type 2 et recevant actuellement des services de soins 
primaires pour ce problème de santé.  

PrINcIPAUX PArAMÈtrEs étUDIés Prévalence des 
facteurs de risque élevé de MCV (taux d’hémoglobine 
glycolisée [HbA1c], tension artérielle, taux de lipides et 
tabagisme), risque attribuable en raison de ces facteurs, 
et association entre le risque attribuable de MCV et 
l’alimentation, l’activité physique et la conformité à la 
médication prescrite.  

résULtAts Le risque médian sur 10 ans de MCV dans 
la population à l’étude (N = 313) était de 16,2 %, le taux 
variant de 6,5 % à 48,5 % selon la clinique; près du 
tiers de ce risque total était attribuable à des facteurs 
modifiables. La principale variable pouvant amener 
une réduction du risque était les taux de HbA1c, suivis 
du tabagisme et des taux de lipides. Les patients qui 
surveillaient attentivement leur alimentation et leur 
médicaments pouvaient réduire leur risque de MCV de 
44 % et 39 % respectivement (P < ,03). 

cONcLUsION Les patients diabétiques courent un 
risque considérable de MCV en raison de facteurs 
comportementaux qu’il est possible de modifier. 
Des soins de grande qualité pour le diabète exigent 
de cibler chez les patients les facteurs modifiables 
fortement associés au risque de MCV, y compris 
les comportements dans la prise en charge de leur 
santé comme le respect du régime alimentaire et des 
médicaments prescrits, pour mieux adapter sur mesure 
les interventions cliniques et améliorer l’état de santé 
des personnes souffrant de cette maladie chronique.  

POINts DE rEPÈrE DU réDActEUr

•	 Les	 maladies	 cardiovasculaires	 (MCV)	 sont	 une	
complication	 grave	 du	 diabète	 qu’il	 est	 possible	
de	 prévenir,	 et	 qui	 causent	 un	 fardeau	 substantiel	
de	maladie,	 un	 plus	 grand	 recours	 aux	 services	 de	
santé	et	une	mortalité	prématurée.	Parmi	les	impor-
tants	facteurs	de	risque	de	MCV	modifiables	chez	les	
patients	 diabétiques,	 on	 peut	mentionner	 les	 taux	
d’hémoglobine	 glycolisée,	 la	 tension	 artérielle,	 les	
taux	 de	 lipides	 et	 le	 tabagisme.	 La	 prise	 en	 charge	
des	 nombreux	 facteurs	 de	 risque	 responsables	 des	
MCV	 chez	 les	 personnes	 ayant	 un	 diabète	 de	 type	
2	 représente	 incessamment	 tout	 un	 défi	 aux	 clini-
ciens	de	soins	primaires,	ce	qui	influence	fortement	
leurs	 approches	 thérapeutiques	 à	 l’endroit	 de	 cette	
maladie	complexe.		

•	 Cette	étude	examinait	les	facteurs	cliniques	et	com-
portementaux	courants	qui	contribuent	au	risque	de	
MCV	(c.-à-d.	le	risque	attribuable).	Les	résultats	ont	
démontré	 que	 le	 degré	 global	 de	 risque	 actuel	 de	
MCV	chez	les	patients	atteints	de	diabète	était	dan-
gereusement	élevé,	et	l’on	a	observé	un	fort	niveau	
de	variation	entre	les	cliniques	étudiées.		

•	 Si	 l’on	porte	attention	aux	facteurs	de	risque	modi-
fiables,	on	peut	réduire	de	beaucoup	le	risque	global	
de	MCV.	Des	 interventions	 spécifiques	 offertes	 par	
l’intermédiaire	 des	 pratiques	 de	 soins	 primaires,	
comme	la	prévention	du	tabagisme,	les	efforts	pour	
réduire	 le	 poids,	 de	meilleures	 décisions	 quant	 à	 la	
conformité	à	la	médication	et	d’autres	changements	
comportementaux,	sont	fortement	susceptibles	d’at-
ténuer	le	risque	de	graves	complications	comorbides	
du	diabète.Cet	article	a	fait	l’objet	d’une	révision	par	des	pairs.
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Cardiovascular disease (CVD) is a serious but pre-
ventable complication of type 2 diabetes mellitus 
(T2DM) that results in substantial disease burden, 

increased health services use, and higher risk of prema-
ture mortality.1 The obesity epidemic in the United States 
and Canada, as well as in numerous other countries, 
has unfortunately exacerbated the situation by further 
increasing the risk of metabolic disorders and diabe-
tes, creating a serious public health issue.2 Managing 
the numerous risk factors responsible for CVD in T2DM 
represents an ongoing challenge for primary care clini-
cians, strongly influencing their decisions about treat-
ment approaches for this complex disease.3 Established 
risk factors include poor control of glycated hemoglobin 
(HbA1c) levels, systolic blood pressure, and lipid levels, 
along with age, sex, ethnicity, smoking status, and dis-
ease duration.4,5 While the demographic characteristics 
might be considered fixed factors, others are potentially 
modifiable through educational efforts that address life-
style choices and behaviour. 

Although some improvements have been made in 
reducing average HbA1c values for patients with diabetes 
in the United States over the past few years,6 continued 
efforts are still warranted. Despite wide dissemination 
of evidence-based guidelines and the availability of new 
therapeutic agents, there has been little improvement in 
other modifiable CVD risk factors, such as blood pres-
sure control, diet, exercise, and treatment adherence. 
Further, only small improvements in lipid control among 
patients with T2DM have been observed over the past 
decade.7-9 Recognizing opportunities for enhanced clini-
cal outcomes, our primary objective for this study was 
to examine the contribution of common clinical and 
behavioural factors (ie, attributable risk) to CVD risk. 
We pursued this aim by assessing both patient-level risk 
and variation in risk across primary care clinics, as well 
as by determining the potential benefits of improved 
control of modifiable risk factors. 

MEthODs

This study focused on examining attributable risk of CVD, 
but it is derived from a larger ongoing project examin-
ing the quality and intermediate clinical outcomes of 
care delivered to patients with T2DM across myriad pri-
mary care settings. The community health care provid-
ers in this study were located in a wide area of South 
Texas in the United States, and included both urban 
and rural clinics. Additional details of the primary study 
design and patient recruitment efforts are provided else-
where.10 During this naturalistic observational study, 617 
patients across 20 primary care clinics were recruited 
and interviewed. Of those individuals, 424 met the fol-
lowing inclusion criteria: 1) initially received a diagnosis 
of diabetes at least 1 year before this study; 2) had been 

with their current physician for at least 1 year; and 3) 
had received no previous diagnosis of coronary artery 
disease. This protocol conforms to the UK Prospective 
Diabetes Study (UKPDS) criteria and remains an appro-
priate application of their cardiovascular risk engine.11 
From this eligible population, 313 patients (73.8%) had 
complete data on all factors necessary to calculate a 
10-year CVD risk, and represented the final sample for 
this study. Most frequently, the missing data reflected 
a lack of information about the patient’s age at diabe-
tes onset and duration of the illness. Data on patient 
characteristics and risk factors were collected by survey 
and chart abstraction. The study was approved by the 
University of Texas Health Science Center Institutional 
Review Board.

The 10-year absolute (or total) risk of fatal or non-
fatal myocardial infarction was estimated for each 
patient and averaged for each clinic using the UKPDS 
risk engine (version 2.0).5 The overall UKPDS risk, cal-
culated using the only risk calculator developed specifi-
cally for patients with T2DM, is based on weightings of 
fixed risk factors (age, sex, ethnicity, duration of dia-
betes), and 4 potentially modifiable risk factors (HbA1c 

levels, systolic blood pressure, high-density lipoprotein 
cholesterol [HDL-C] levels, and smoking status). Two 
primary outcomes are reported here: First, the absolute 
risk of a CVD event over the next 10 years using current 
values for all of the above factors. Second, the attrib-
utable or excess risk due to poor control of potentially 
modifiable risk factors. This attributable risk was cal-
culated by setting each patient-level risk factor at the 
American Diabetes Association (ADA) recommended 
guideline level,12 if it was not at target, then recalculat-
ing the UKPDS risk score. That is, setting the HbA1c level 
at 7.0 if HbA1c  was greater than 7.0, blood pressure at 
130/80 mm Hg if higher than that, HDL-C at 45 mg/dL 
(1.17 mmol/L) if lower than that, and smoking status 
as “no” if the patient currently smoked.12 The percent-
age difference between this new score and the absolute 
risk is the attributable risk—the percentage of CVD risk 
that was directly associated with potentially modifiable 
factors. One-way sensitivity analyses were conducted 
to determine the relative effect of each modifiable fac-
tor separately (ie, resetting each risk factor individually 
as per ADA guidelines). In addition, the ratio of fixed to 
attributable risk was calculated for each clinic. 

Finally, in order to explore the role of several key 
behavioural practices, a multivariable regression 
model examined the association between CVD risk 
(now defined as the dependent variable) and patient 
report of self-management behaviour regarding per-
sonal diet, exercise, and appropriate medication adher-
ence. Separate survey items for each aspect of self-care 
were assessed with a Likert scale corresponding to 
the transtheoretical stages of change model (ie, pre-
contemplation, contemplation, preparation, action, or 
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maintenance stages). Based upon previous published 
studies using these variables,13-15 we dichotomized all 3 
items to signify if the patient reported being in the main-
tenance stage of change over the past 6 months. The 
analysis controlled for demographic characteristics and 
duration of diabetes. These personal or lifestyle prac-
tices are not incorporated into the UKPDS risk engine 
for determining CVD risk, but represent other important, 
potentially mutable patient-level factors.

rEsULts

The mean age of the final sample (N =  313) was 58.6 
(range 29 to 82) years, with most patients being female 
and Hispanic; this cohort was quite representative of 
the patient population seen in this region (Table 15). In 

addition, an attrition analysis revealed no significant 
differences in demographics (including age), number 
of medications, comorbidities, or use of health care 
services between the final sample and excluded patients. 
Individuals in this study were also quite ill, averaging 
nearly 5 chronic illnesses in addition to their diabetes. 
Fewer than half of patients had achieved recommended 
ADA levels for HbA1c, blood pressure, or HDL-C, and 
only 15.4% of patients had good control of all 3 fac-
tors. In addition, only about half of these individuals 
reported good self-management of diet (47.7%), regu-
lar exercise (49.8%), or consistent medication adher-
ence (59.1%). The mean 10-year baseline absolute risk 
for any CVD event was 16.2%, with a greater than 7-fold 
range across the 20 clinics (6.5% to 48.5%). Of this abso-
lute risk, 5.0% was due to modifiable factors, meaning 
an attributable risk of 30.9% (5.0/16.2). The level of risk 
attributable to mutable factors also varied greatly from 
a low of 18.3% in clinic 6 to a high of 52.4% in clinic 15. 
Sensitivity analyses revealed that the primary driver of 
modifiable risk reduction was HbA1c levels, accounting 
for nearly two-thirds of the decrease in attributable risk, 
followed by lipid levels and smoking status. 

Figure 1 presents the variation in 10-year CVD risk, 
which was separately attributable to fixed and modi-
fiable risk factors, among the 20 primary care clinics. 
The embedded pie chart details the proportion of attrib-
utable risk associated with each of the 4 behavioural 
factors for 1 selected clinic. As presented, a substan-
tial amount of variability existed among the clinics in 
terms of both overall CVD risk and attributable risk. 
The multivariable analysis examining individual patient 
behaviour revealed that patients who reported good 
management of their diets and adherence to prescribed 
medication regimens improved their mean risk of any 
cardiovascular event by 44% and 39%, respectively 
(P < .03). Self-report of regular exercise had no significant 
effect on overall CVD risk in this study.

DIscUssION

The overall level of current CVD risk for patients with 
diabetes was dangerously elevated in our sample, with 
a substantial level of variation observed across the pri-
mary care clinics studied. However, it appears that target-
ing modifiable risk factors can dramatically reduce this 
risk, as nearly one-third of baseline risk can possibly be 
addressed through attention to mutable factors or behav-
ioural changes. This includes both clinical measures (eg, 
HbA1c levels or blood pressure) and daily patient behav-
iour, such as diet modification or treatment adherence. 
Placing our findings in the context of previous studies, 
total CVD risk using a variety of algorithms has been found 
to be 21% to 31% in community settings; attributable risks 
looking at a finite number of factors ranged from 19% to 

table 1. Characteristics of study population (N = 313): 
A) Proportion of patients with identified characteristics; 
and B) mean (SD) age, number of chronic diseases, and 
10-year CVD risk.
ChaRaCteRistiC PRoPoRtioN

a)
Female 54.6

Hispanic 	55.2

High	school	graduate	or	higher 	70.8

Married 	70.2

CVD	risk	factors

•	HbA1c	≥	7.0% 43.3

•	BP	≥	130/80	mm	Hg 48.5	

•	HDL-C	≥	1.17	mmol/L 50.0

No.	of	risk	factors	meeting	ADA	guidelines

•	None 17.3

•	1 36.2

•	2 31.2

•	3	 15.4

Good	self-management	of	diet 	47.7

Regular	self-reported	exercise 	49.8

Appropriate	self-reported	medication	adherence 	59.1
ChaRaCteRistiC MeaN (sD)

B)
Age,	y 		58.6	(11.8)

No.	of	chronic	diseases 		4.9	(2.3)

10-year	CVD	risk,*	%

•	Absolute	(total)	risk 16.2	(16.6)

•	Attributable	risk 5.0	(7.4)

ADA—American	Diabetes	Association,	BP—blood	pressure,	CVD—car-
diovascular	disease,	HbA1c—glycated	hemoglobin,	HDL-C—high-density	
lipoprotein	cholesterol,	SD—standard	deviation,	UKPDS—United	
Kingdom	Prospective	Diabetes	Study.
*As	per	the	UKPDS	cardiovascular	risk	engine.5
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38%.16,17 Tanuseputro et al placed the absolute risk of CVD 
in Canadian patients with T2DM at 23%; no attributable 
risk was determined, but the prevalence of risk factors (eg, 
smoking status, HbA1c levels, etc) fell within the range of 
our study.18 Findings were mixed regarding the contribu-
tion of specific risk factors, as HbA1c levels have a greater 
effect on microvascular events while blood pressure has a 
greater influence on macrovascular events.19 Others have 
documented that behavioural factors are more impor-
tant20; however, although diet management can effectively 
target weight reduction and metabolic concerns, such 
efforts might do little to change attributable CVD risk.21 

It should be noted though that reducing attributable risk 
through any means yields quality-of-life benefits other 
than just CVD risk reduction.22 

At the community level, this risk reduction in CVD 
would translate to a substantial number of preventable 
CVD events or other serious complications. These mea-
surable clinical outcomes are accompanied by important 
gains in overall quality of life, along with tremendous 
savings in treatment costs. Jiang and colleagues esti-
mated that improved primary care could save nearly $2.5 
billion annually by reducing preventable hospitalizations 

arising from diabetes complications.23  Despite the high 
absolute CVD risk, the substantial proportion observed 
here to be modifiable is a sanguine finding, as interven-
tions to enhance care coordination and patient behav-
iour have been demonstrated to yield dramatic benefits in 
improving quality of care and outcomes. For example, the 
chronic care model suggests that certain clinic structures 
and care processes (eg, organizational support, commu-
nity care linkages) can assist providers and patients in 
better managing chronic illnesses, which should improve 
clinical outcomes.24  Previous studies have determined 
that the presence of chronic care model characteristics 
is associated with better quality of care and substantial 
reductions in attributable CVD risk.25,26

The findings of our study are limited by the fact that 
the cohort was recruited from regional community clin-
ics in the United States caring for a high prevalence 
of Hispanic patients. Yet the clinical issues raised here 
and interventions targeting substantial risk factors are 
generalizable to many treatment settings and patient 
populations. Notwithstanding the post-hoc examination 
of missing data, we also acknowledge the possibility 
of some selection bias resulting from the exclusion of 
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25% of the original cohort. Finally, although we used 
a powerful theoretical framework and frequently cited 
self-management variables, the analyses did rely upon 
patient survey information and self-reported behaviour 
to estimate CVD risk. 

Specialized efforts to recognize populations at high 
risk of suboptimal diabetes management are needed to 
tailor primary care interventions and to direct limited 
clinical resources. In addition to patient-level behavioural 
factors that influence the development of CVD events, 
provider and system factors play important roles in reduc-
ing the tremendous burden experienced across health 
care organizations. For example, given a 20% prevalence 
rate of diabetes within the US Department of Veterans 
Affairs system, the risk reduction observed in this study 
would translate into approximately 25 000 avoidable CVD 
events and 10 000 avoidable deaths among veterans 
every year (as per separate author analysis). The indi-
vidual and cumulative benefits of minimizing preventable 
diabetes complications should not be underestimated. 

Conclusion
High-quality diabetes care requires first identifying 
patients at high risk of cardiovascular complications, 
then targeting modifiable factors substantially associ-
ated with CVD risk. Although risk engines such as that 
of the UKPDS have been validated as excellent tools to 
help providers identify patients at higher risk of CVD,27 
they are perhaps poor at precisely quantifying the total 
or attributable risk.28 This highlights the element of clini-
cal judgment so essential to appropriately evaluating 
and treating complex diabetes patients, including the 
recognition of numerous factors associated with dia-
betes and CVD risk, both physiologic and behavioural. 
Lifestyle changes, including the increasingly important 
topic of weight reduction (or diet modification, as exam-
ined in this study), are certainly not simple to implement 
or maintain. However, educational interventions target-
ing mutable behavioural changes can be successful, dra-
matically improving the health status of chronically ill 
patients.29 While addressing attributable risk factors is 
clearly justified from a broader epidemiological perspec-
tive, sustained efforts at the individual practice or pro-
vider level are equally important. Specific interventions 
offered through primary care practice, such as smok-
ing cessation, weight reduction, improving medications 
adherence, and other behavioural change strategies are 
quite likely to mitigate the risk of serious comorbid com-
plications of diabetes. 
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