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Abstract
Background It is still not clear whether there exsist interaction effects of diabetes and hypertension on
cardio-cerebrovascular diseases. We can not ignore it in order to prevent the incidence and progress of
cardio-cerebrovascular diseases considering the high prevalence of diabetes and hypertension in the
world.

Methods A cross-sectional study with a multistage strati�ed random sampling method was conducted
among people aged 18 years or older in Changsha City, Hunan Province. A multivariate logistic regression
model was performed to analyze the association between diabetes complicated with hypertension and
cardio-cerebrovascular diseases. The multiplicative interaction effect was evaluated by including the
product term of hypertension and diabetes in the model after adjusting for age, sex, smoking, drinking,
physical exercise, and body mass index. The relative excess risk ratio (RERI), attribution percentage (AP),
synergy index (SI) and 95% con�dence interval (CI) were calculated by the Excel calculation table
compiled by Andersson to evaluate the additive interaction effects between hypertension and diabetes on
cardio-cerebrovascular diseases.

Results A total of 14422 participants were recruited. The prevalence of cardio-cerebrovascular diseases in
the non-diabetes and non-hypertension, diabetes, hypertension, and diabetes and hypertension
combination groups was 3.7%, 12.1%, 21.2% and 31.4%, respectively. The RERI, AP and SI of diabetes
combined with hypertension on cardiovascular diseases were 1.92 (95% CI: -2.67 - 6.50), 0.23 (95% CI:
-0.22 - 0.68) and 1.34 (95% CI: 0.69 - 2.62), respectively.

Conclusions The prevalence of cardio-cerebrovascular diseases in diabetes complicated with
hypertension was higher than that in any single condition. However, no interaction effects between
diabetes and hypertension were found on the prevalence of cardio-cerebrovascular diseases, indicating
that the high prevalence may be due to the simple superposition of the two variables.

Bankground
At present, the main standpoint on diabetes mellitus (DM) complicated with hypertension (HT) is that
their combination will increase the risk of cardio-cerebrovascular disease and death[1]. However, research
on the effect of the interaction between the two variables on cardio-cerebrovascular diseases is very
rare[2], so it is still not clear whether the increased risk caused by the combination of DM and HT could be
attributed to a simple superposition or their interaction. This issue should not be ignored in studies on
cardio-cerebrovascular diseases, and it is also a problem that we should consider in order to prevent the
incidence and progress of cardio-cerebrovascular diseases considering the high prevalence of diabetes
and hypertension in the world[3, 4].

DM and HT have been con�rmed as independent risk factors for cardio-cerebrovascular diseases[5, 6],
Furthermore, DM and HT are common comorbidities[7–9]. There were nearly 100 million patients with HT,
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nearly 30 million patients with DM, and approximately 15 million patients with HT complicated with DM
in China[10]. Their frequent coexistence is not a coincidence because some aspects of their
pathophysiologies are shared by both conditions. HT is twice as frequent in patients with DM as in those
without DM. Moreover, patients with HT often present insulin resistance and are at greater risk of
developing DM than normotensive individuals. The major cause of morbidity and mortality in DM is
cardio-cerebrovascular disease, which is exacerbated by HT.

In general, physicians pay more attention to the associations between risk factors and outcomes. Thus,
the interaction of risk factors on outcomes is often neglected. The term interaction refers to the situation
where the effect of one risk factor on a certain disease outcome is different across the strata of another
risk factor, or vice versa[11]. A biomedical study indicated that the combination of DM and HT on
determinants of endothelial adhesiveness differed according to the additive effects of separate risk
factors[12]. However, even if the risk of cardio-cerebrovascular disease in DM complicated with HT was
higher than that of either independent risk, few studies on the effects of the interaction between DM and
HT on cardio-cerebrovascular diseases have been conducted[13, 14]. A study showed that DM and HT had
synergetic interactions on stroke in elderly people over 65 years old in Taiwan but only in elderly
women[15]. But that study evaluated only additive interactions and not multiplicative interactions. The
association between cardio-cerebrovascular diseases and DM or HT has been well documented[5, 6].
However, the direction and extent to which the interactions between DM and HT affect cardio-
cerebrovascular diseases are unknown.

Given the high prevalence of DM and HT, it is important to clarify the association between the
combination and cardio-cerebrovascular diseases. This information can be of bene�t to clinicians in the
prediction, prevention, and treatment of cardio-cerebrovascular diseases. The purpose of this study
focuses on elucidating whether both risk factors act synergistically to in�uence the outcome.

Methods

Data
Using a multistage strati�ed random sampling method, a community-based cross-sectional study was
conducted among people aged 18 years or older chosen from each household of the included
communities in 2012 in Changsha City, Hunan Province, China.

Questionnaire Investigation
A face-to-face interview was conducted by a trained team (composed of 5 investigators). The basic
demographic information, lifestyle and disease status of all the participants were investigated with the
uni�ed questionnaire(supplementary 1). The basic demographic characteristics included sex, age,
educational level, marital status and occupation. Lifestyle information included status of smoking,
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drinking and physical exercise, salt intake, and types of cooking oil. The disease information
questionnaire included whether the following diseases were diagnosed one year ago: DM, HT, coronary
heart disease(CHD) and stroke. Former and never smokers were classi�ed as nonsmokers, and former
and never alcohol drinkers were classi�ed as nonalcohol drinkers due to the small sample sizes.

Physical Examination
The height and weight of the participants were measured by professional medical staff. Body mass index
was calculated by height and weight with the following formula: body mass index = weight (kg)/height
(m)2, and according to the Chinese adult obesity standard[16], BMI ≧ 28.0 was de�ned as obesity.

De�nition Of Disease
Self-reported disease information with respect to DM, HT, CHD, and stroke was collected. In our study, HT
was de�ned as systolic blood pressure ≥ 140 mmHg or diastolic blood pressure ≥ 90 mmHg at the time
of the visit (mean of three readings) or a patient’s self-reported history of HT or antihypertensive
medications. DM was de�ned as fasting blood glucose ≥ 126 mg/dL or a patient’s self-reported history of
DM or antidiabetic medications. Cardio-cerebrovascular diseases refer to stroke, CHD, and their
combination. An individual that has CHD or stroke in either or both of the conditions is considered a
cardio-cerebrovascular disease patient; those who have neither of them are considered non-patients. CHD
complicated with stroke refers to the condition that an individual has both CHD and stroke at the same
time.

Statistical analysis
The data are presented as the mean ± standard deviation for continuous variables and as proportions for
categorical variables. Pearson’s χ2 test was used to examine signi�cant associations between categorical
variables. Two-sample t-tests were used to examine signi�cant associations between continuous
variables. Multivariable logistic regression models were performed to identify risks for stroke, CHD and
their combination. Important measures including age, sex, smoking status, alcohol consumption, physical
exercise and BMI were chosen for adjustments. The relative excess risk ratio (RERI), attribution
percentage (AP) and synergy index (SI) were calculated to investigate the additive interaction between
DM and HT on cardio-cerebrovascular disease. An RERI score > 0 indicated a signi�cant synergistic
interaction, and an RERI score < 0 indicated antagonism. An AP score > 0 indicated a signi�cant
synergistic interaction, and an AP score < 0 indicated antagonism. An SI score > 1 indicated a signi�cant
synergistic interaction, and an SI score < 1 indicated antagonism. The con�dence intervals (CIs) of the
above indexes were estimated with the Excel calculation table compiled by Andersson[17]. P < 0.05 (two-
sided) was considered statistically signi�cant. All statistical analyses were performed with SPSS for
Windows 18.0 (SPSS Inc., Chicago, IL, USA)
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Results
A total of 14422 (women = 8495, men = 5927) participants were recruited with a mean (SD) age of 53.84
(14.88) years [P: 64.74 (12.23), NP: 52.85 (14.71)] and a mean (SD) BMI of 23.39 (3.57) kg/m2 [P: 23.89
(3.96), NP: 23.34 (3.53)]. (Table 1).

In the total population, the prevalence of cardio-cerebrovascular diseases was 8.3%, and the difference in
prevalence rate between participants under 60 years old (3.6%) and over 60 years old (16.1%) was
statistically signi�cant (χ2 = 700.804, P < 0.0001). (Table 1).The prevalence of cardio-cerebrovascular
diseases was 7.5% in men and 8.9% in women (χ2 = 9.221, P = 0.002), 7.5% in smokers and 8.9% in
nonsmokers (χ2 = 24.916, P < 0.0001), 6.0% in alcohol drinkers and 9.0% in nondrinkers (χ2 = 25.840, P < 
0.0001), and 11.4% in people who exercise every week and 7.7% in those who do not exercise every week
(χ2 = 25.840, P < 0.0001). The average BMI of the respondents was 23.39±3.57 kg/m2, and the patients’
BMI was higher than that of the non-patients (23.89±3.96 vs. 23.34±3.53 kg/m2). The prevalence of
cardio-cerebrovascular diseases was 11.3% in obese people and 8.1% in non-obese people (χ2 = 15.409, P 
< 0.0001). (Table 1).

The prevalence of cardio-cerebrovascular diseases in the -DM & -HT, +DM & -HT, -DM & +HT, and + DM &
+HT groups was 3.7%, 12.1%, 21.2%, and 31.4%, respectively. The differences in the prevalence rates
among the four groups were statistically signi�cant (χ2 = 1277.008, P < 0.0001). (Table 1).
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Table 1
Characteristics of study participants according to prevalence of cardio-cerebrovascular

diseases (n = 14422)
Characteristics Prevalence of cardio-cerebrovascular diseases P value

Patients Non-patients Total

Age (years) 64.74 ± 12.23 52.85 ± 14.71 53.84 ± 14.88 < 0.0001

< 60 318 (3.6%) 8621 (96.4%) 8939  

≧ 60 883 (16.1%) 4600 (83.9%) 5483  

Sex       0.002

Male 444 (7.5%) 5483 (92.5%) 5927  

Female 757 (8.9%) 7738 (91.1%) 8495  

Smoking statusa       < 0.0001

Yes 236 (6.4%) 3460 (93.6%) 3696  

No 961 (9.0%) 9693 (91.0%) 10654  

Alcohol consumptionb       < 0.0001

Yes 173(6.0%) 2714(94.0%) 2887  

No 1026(8.9%) 10481(91.1%) 11507  

Physical exercisec       < 0.0001

Yes 419 (11.4%) 3259 (88.6%) 3678  

No 568 (7.7%) 6829 (92.3%) 7397  

BMI 23.89 ± 3.96 23.34 ± 3.53 23.39±3.57 < 0.0001

Obesity d 140 (11.3%) 1102 (88.7%) 1242 < 0.0001

Non-obesity 1060 (8.1%) 12104 (91.9%) 13164  

DM & HTe       < 0.0001

-DM & -HT 399 (3.7%) 10310 (96.3%) 10709  

+DM & -HT 55 (12.1%) 400 (87.9%) 455  

-DM & +HT 575 (21.2%) 2135 (78.8%) 2710  

+DM & +HT 172 (31.4%) 376 (68.6%) 548  

Total 1201 (8.3%) 13221 (91.7%) 14422  
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Table 1. a, Former smokers and never smokers were classi�ed as nonsmokers; b, Former drinkers and
never drinkers were classi�ed as nondrinkers; c, People who exercise more than three times a week were
considered regular exercisers; d, People with BMI ≧ 28.0 were considered obese; e, According to the status
of diabetes and hypertension, the study objects can be divided into four groups: 1) without diabetes and
hypertension (-DM & -HT); 2) diabetes without hypertension (+ DM & -HT); 3) hypertension without
diabetes (-DM & +HT); and 4) diabetes with hypertension at the same time (+ DM & +HT).
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Table 2
Multivariate logistic regression on the risk of cardio-cerebrovascular

diseases associated with DM combined with HT# (n = 14422)

  OR 95% CI Wald χ2
multiplicative

Pmultiplicative

Stroke or CHD

-DM & -HT Ref. Ref.    

+DM & -HT 2.73 (1.95, 3.82)    

-DM & +HT 4.83 (4.14, 5.64)    

+DM & +HT 8.47 (6.65, 10.80)    

DM × HT     4.429 0.035

Stroke

-DM & -HT Ref. Ref.    

+DM & -HT 3.04 (1.35, 6.86)    

-DM & +HT 5.43 (3.66, 8.06)    

+DM & +HT 6.34 (3.60, 11.18)    

DM × HT     0.327 0.567

CHD

-DM & -HT Ref. Ref.    

+DM & -HT 2.58 (1.82, 3.66)    

-DM & +HT 4.49 (3.83, 5.27)    

+DM & +HT 8.13 (6.35, 10.41)    

DM × HT     2.713 0.100

Stroke and CHD

-DM & -HT Ref. Ref.    

+DM & -HT 2.41 (0.72, 8.15)    

-DM & +HT 4.59 (2.60, 8.00)    

+DM & +HT 7.43 (3.58, 15.41)    

DM × HT     1.960 0.162

Table 2. # A multivariate logistic regression model was used to analyze the risk of cardio-cerebrovascular
diseases caused by DM and HT. Five common risk factors for cardio-cerebrovascular diseases, including
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sex, age, smoking, drinking, physical exercise and BMI, were adjusted. The status of DM and HT in the
study population was set as dummy variables to be included in the model, with the -DM & -HT group as
the reference group. According to the different conditions, the prevalence of cardio-cerebrovascular
diseases can be divided into four categories: 1) stroke or CHD; 2) stroke; 3) CHD; and 4) stroke and CHD.
The four conditions were analyzed as the dependent variables of the four regression models separately.
DM, HT and their interaction term were included in the regression model when analyzing the
multiplicative effects.

Table 3
Additive interaction between DM and HT on cardio-cerebrovascular diseases (n = 

14422)

  95% CI

RERI AP SI

Stroke or CHD 1.92 (-2.67, 6.50) 0.23 (-0.22, 0.68) 1.34 (0.69, 2.62)

Stroke -1.01 (-10.39, 8.36) -0.16 (-1.77, 1.45) 0.84 (0.16, 4.32)

CHD 2.04 (-2.45, 6.52) 0.25 (-0.20, 0.70) 1.41 (0.70, 2.83)

Stroke and CHD 1.40 (-12.57, 15.37) 0.19 (-1.45, 1.83) 1.28 (0.12, 13.63)

The risk of cardio-cerebrovascular diseases was increased by DM combined with HT (OR = 8.47, 95% CI:
6.65–10.80) (Table 2), adjusted for sex, age, smoking, drinking, exercise and BMI, and especially
increased more for CHD (OR = 8.13, 95% CI: 6.35–10.41) than for stroke (OR = 6.34, 95% CI: 3.60-11.18) or
their combination (OR = 7.43, 95% CI: 3.58–15.41). However, none of the interaction terms of DM and HT
were statistically signi�cant for cardio-cerebrovascular diseases except for their union (stroke or CHD)
(χ2 = 4.429, P = 0.035), which indicated that HT and DM have a negative multiplicative interaction (OR = 
0.648, 95% CI: 0.429–0.977 for DM × HT) on cardio-cerebrovascular diseases (stroke or CHD). (Table 2).

The results of the additive interaction suggested that DM and HT did not have addictive interactions with
cardio-cerebrovascular diseases. In terms of the synergy index (SI), SI = 0.84 for stroke (95% CI: 0.16–
4.32), SI = 1.41 for CHD (95% CI: 0.70–2.83), SI = 1.34 for stroke or CHD (95% CI: 0.69–2.62), and SI = 1.28
for stroke and CHD (95% CI: 0.12–13.63). In terms of the relative excess risk ratio (RERI), RERI = 2.45 for
CHD (95% CI: -2.45–6.52), RERI = 1.92 for stroke or CHD (95% CI: -2.67–6.50), RERI = 1.40 for stroke and
CHD (95% CI: -12.57–15.37), and RERI = -1.01 for stroke (95% CI: -10.39–8.36). In terms of the attribution
percentage (AP), AP = 0.25 for CHD (95% CI: -0.20–0.70), AP = 0.19 for stroke or CHD (95% CI: -1.45–
1.83), AP = 0.23 for stroke and CHD (95% CI: -0.22–0.68), and AP = -0.16 for stroke (95% CI: -1.77–1.45).
(Table 3).

Discussion
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In general, if two factors have a positive or no multiplicative interaction, they have a positive interaction in
the addition model; if two factors have a negative multiplication interaction, they may have a positive, a
negative or no interaction in the addition model[18]. That is, the negative multiplicative interaction cannot
prove whether the two factors have biological interactions. In this way, the results of the multiplicative
interaction model and additive interaction model in our study are essentially consistent with each other in
the nature of biological interactions. Namely, the combination of DM and HT can signi�cantly increase
the risk of cardio-cerebrovascular diseases compared with their existence alone, but no interaction effects
were observed in our study between them on cardio-cerebrovascular diseases. The increased risk may be
attributed to a simple superposition of the two.

As far as we concerned, only a few studies focused on the combined effect of DM and HT on cardio-
cerebrovascular diseases[2, 13, 14, 15, 19, 20, 21]. Nevertheless, there were still 2 papers[14, 21] among
this studied the independent and combined effects of the two variables but did not further study the
interaction effect. They respectively are: Gang Hu[14] found that HT and type 2 DM increased the CHD risk
independently, and their combination increased the risk dramatically, particularly in women. Neda
Zafari[21] found that the risk of CHD and stroke was different between HT and DM. The risk of CHD and
stroke in DM combined with HT was higher than that in DM and higher than that in HT. The interaction
effect was not analyzed in both studies. That is, only 5 papers studied the interaction effect of DM and
HT on cardio-cerebrovascular diaseases[2, 13, 15, 19, 20].

Yun Ju Lai[15] conducted a cross-sectional survey of community elderly people aged 65 and above in
Shipai, Taiwan. The results showed that there were sex differences in the interaction between DM and HT
on stroke. DM and HT had synergistic additive interactions (SI = 3.16, 95% CI: 1.35–7.39) but only in
elderly women. However, that study had the following shortcomings: a) the study population was over
65 years old, which makes the extrapolation of conclusions limited; and b) only the additive interaction
was studied, while the multiplication interaction was not explored. Although Rothman[22] thought that the
evaluation of biological interactions should be based on an additive scale rather than a multiplicative
scale, there is still controversy regarding which interaction model is more in line with biological laws. And
the Strengthening the Reporting of Observational Studies in Epidemiology[23] statement suggests that
both the results of additive and multiplicative interaction analyses should be reported when evaluating
interactions. Most importantly, if there is truly an interaction between DM and HT on cardio-
cerebrovascular diseases, the interaction effects should not be limited to women but equally exist in both
sexes theoretically. Therefore, the possibility of a third-order interaction on cardio-cerebrovascular
diseases of DM, HT and sex cannot be excluded According his study results. Cai Huan's[19] small sample
cross-sectional study found that DM and HT had synergistic interactions on the severity of stroke (severe
stroke). However, the study used patients with moderate/medium-sized stroke rather than non-patients as
controls and only adjusted for age and sex, not other common cardio-cerebrovascular risk factors such
as smoking, drinking, diet, physical activity, or body mass index, which may have a large residual
confounding effect. Shan Lu[20] also conducted a cross-sectional survey of 11036 people aged 15 and
above in Nanjing, China. And they found that there was no multiplicative interaction between DM and HT
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on myocardial infarction and stroke. In addition, Gang Hu’s further study found[13] that the interaction
terms of HT and DM on both stroke incidence and stroke mortality were not statistically signi�cant,
indicating that these two factors operated independently for stroke risk. However, that conclusion was
also based on only the results of the multiplicative model. Zhan Yiqiang[2] evaluated the interaction
between DM and HT on cardio-cerebrovascular diseases. The results showed that HT and DM had
additive interactions on cardiovascular diseases but had no interaction on stroke. That study was the
most comparative with our study, but the diagnostic criteria of DM included both DM detected by blood
sampling on the spot and self-reported DM of the respondents. The nonuniform standards might bring
qualitative differences between on-site measurements of DM and self-reported DM; for example, self-
reported diabetic patients with negative measured DM might pay more attention to health management
than those with positive present DM on the spot whose status of HT and even cardio-cerebrovascular
diseases might be worse than that of the former. In that way, the direction and intensity of the interaction
effect might be covered due to sample selection bias. In addition, other cardio-cerebrovascular diseases
other than stroke and coronary heart disease were widely included in that study, which might be
responsible for the difference in results.DM combined with HT increased the risk of cardio-
cerebrovascular diseases, but it seems to be too early to say that DM and HT had an interactive effect on
cardio-cerebrovascular diseases because no interaction effects were found in our study, whether by the
multiplication model or the additive model.

Although there were no interaction effects found between DM and HT on the prevalence of cardio-
cerebrovascular diseases, we still need to attach great importance to them because the risk of cardio-
cerebrovascular diseases in DM combined with HT sharply increased almost two- to four-fold in our study
when the two cardio-cerebrovascular risk factors emerged simultaneously. It was reported that DM and
HT share common patient behavioral factors and pathophysiological pathways[24]. These pathways
interact and in�uence each other and may even lead to a vicious cycle. HT and DM are components of
the metabolic process of metabolic syndrome. Therefore, they may develop one after the other in the
same individual[1]. Cardio-cerebrovascular disease is related to multiple risk factors. The risk of
occurrence depends not only on the severity of a certain risk factor but also on the number of risk factors
possessed by the individual[25].Jonathan N[26] found that DM and systemic hypertension(SHT) each have
adverse effects on left ventricular structure and function, and the combination of DM and SHT results in
the greatest degree of left ventricular hypertrophy, myocardial dysfunction, and arterial stiffness. Cesare
Russo[27] found that HT and DM are independently associated with impaired left ventricular diastolic
function, independent of the effect of overweight/obesity and other covariates. Their coexistence resulted
in a worse effect on left ventricular diastolic mechanics and was associated with higher left ventricular
�lling pressures than either condition alone. DM and HT are both risk factors for atherosclerosis and play
roles in the formation and aggravation of endothelial and smooth muscle function[28]. In basic research,
the combination of DM and HT can promote endothelial cell dysfunction[29]. The dysfunction of
endothelial cells may be a change in the early stage of atherosclerosis. Both DM and HT can promote the
generation of oxygen-derived free radicals, thus damaging endothelial function. When DM and HT
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coexist, endothelial cell function further decreases, and smooth muscle function is also impaired[28]. In
addition, the superposition of DM and HT can promote monocyte adhesion to endothelial cells, thus
increasing the production of vascular superoxide and the expression of monocyte chemoattractant
protein-1[12], leading to atherosclerosis and subsequent cardio-cerebrovascular diseases. Therefore, the
risk of cardio-cerebrovascular outcomes in patients with DM and HT is increased, which is biologically
reasonable.

Based on the high risk of cardio-cerebrovascular diseases in patients with DM complicated with HT, it is
an urgent problem to strengthen the health management of patients with DM complicated with HT in
order to prevent the occurrence and progression of cardio-cerebrovascular diseases[30].

This study was a large-scale population cross-sectional study with 14422 participants. The cardio-
cerebrovascular diseases evaluated in our study included two major cardio-cerebrovascular diseases,
namely, CHD and stroke, and their comorbidity. Both the results of the multiplicative interaction and
additive interaction were reported, and the results were consistent, which provided strong support for the
main conclusion; that is, DM and HT do not have interaction effects on cardio-cerebrovascular diseases.
In addition, �ve main risk factors for cardio-cerebrovascular diseases, including sex, age, smoking,
drinking and physical exercise, were adjusted, thus excluding the in�uence of mixed factors. However,
there are still some limitations in this study: a) the information about the disease was provided by the
investigators themselves, and recall bias cannot be avoided; and b) the occurrence order of DM, HT and
cardio-cerebrovascular diseases is unknown, so a causal relationship cannot be determined, which is a
common feature of cross-sectional studies.

Strengths And Limitations
This is the �rst community-based cross-sectional study exploring the interaction effects of diabetes and
hypertension on cardio-cerebrovascular diseases with a large-scale population of 14422 participants.
Both the results of the multiplicative interaction and additive interaction were analyzed and reported, and
the results were consistent, which provided strong support for the main conclusion. The multivariable
logistical regression models in this study were adjusted for �ve recognized cardio-cerebrovascular risk
factors including sex, age, smoking, drinking and physical exercise, which greatly improved the reliability
of the results.This study adopted cross-sectional design, which precluded causal correlations.The
information about the disease was provided by the investigators themselves, and recall bias cannot be
avoided.

Conclusions
DM combined with HT signi�cantly increased the risk of cardio-cerebrovascular diseases, but no
interaction effects between them were found on cardio-cerebrovascular diseases, indicating that the high
prevalence may be due to the simple superposition of the two factors.
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