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ABSTRACT

Introduction The prevalence of type 2 diabetes mellitus (T2DM) and hypertension
(HTN) was largely increased in recent years. This study was performed for
investigating the association of T2DM and HTN with combined vascular event (VE)
and stroke risk.

Methods Patients aged>18 with diagnosis of T2DM and/or HTN were included from
SuValue database. Non-T2DM and non-HTN patients were also included in this study
as control. All patients were followed up for about 5 years.

Findings For the current study, 8,012 patients with T2DM, 9,653 patients with HTN
and 3,592 patients with both T2DM, 10,561 patients without T2DM or HTN were
included. T2DM was significantly associated with VE and stroke risk (hazard ratio
1.332, 95% CI 1.134-1.565 and HR 1.584, 95% CI 1.246-2.014, respectively; all P
values<0.001). HTN was significantly associated with VE and stroke risk (HR 3.244,
95% CI 2.946-3.572 and HR 4.543, 95% CI 3.918-5.268, respectively; all P values
<0.0001). T2DM combined with HTN was significantly associated with VE and stroke
risk (HR 3.002, 95% CI 2.577-3.497 and HR 4.151, 95% CI 3.346-5.149, respectively;
all P values <0.0001). HTN affected the risk of VE and stroke similarly in T2DM and
non-T2DM subjects. HTN is more strongly associated with VE and stroke risk than
T2DM (HR 2.435, 95% CI 2.113-2.805 and HR 2.868, 95% CI 2.341-3.513,
respectively; all P values <0.0001).

Interpretation T2DM and/or HTN is strongly associated with VE and stroke risk and

HTN is more strongly associated with VE and stoke risk comparing with T2DM.
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Strengths and limitations of this study

® This study included a large number of patients through hospital data (a total of
31,818 patients.

® Data information about cardiovascular risk factors were collected in this study.

® BMI and life style such as smoking and alcohol drinking were not accessed through
electronic medical records.

® Mortality data were also not accessed through the HIS system in hospitals.

® We included patients who admitted to this hospital for the first time but we are not
sure if he or she was firstly diagnosed as type 2 diabetes mellitus or hypertension,

which make the included patients were heterogeneity.
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INTRODUCTION

The prevalence of type 2 diabetes mellitus (T2DM) has increased to 10.4% in 2013
from 0.67% in 1980 in China.! Hypertension (HTN) is found to be in over two-thirds
of patients with common in diabetes patients and diabetes may causally affect HTN.23
The development of HTN coincides with the development of hyperglycaemia.?
Diabetes or HTN alone has been reported to be strong risk factor for cardiovascular
diseases, all-cause mortality, coronary heart disease, ischemic heart disease and stroke
in older adults in many studies.*!? According to the Framingham Heart Study, the rate
of cardiovascular disease in adults with diabetes has absolute 2-fold risk of
cardiovascular diseases comparing with subjects without diabetes.!* Total
cardiovascular disease burden in the diabetes patients has increased throughout the past
four decades.? A cross-sectional study including newly diagnosed diabetes patients
recruited for the UK prospective diabetes study showed that HTN is commonly in
newly diabetes and HTN patients had a higher prevalence of cardiovascular events than
normotensive subjects before the diagnosis of diabetes.!® The co-existence of diabetes
and HTN demonstrated a dramatically increased risk of cardiovascular disease by two
to four times compared to the adults without HTN or diabetes.? Thus, diabetes and HTN
are thought to be the bad companions and blood pressure control is critical in the
diabetes patients combined with HTN. Besides, the impact of HTN on cardiovascular
risk comparing with diabetes was still controversial. A study demonstrated that HTN
had stronger association with atherosclerotic cardiovascular disease than diabetes.’

Another study showed that patients with controlled diabetes have a similar

4
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cardiovascular risk to patients with HTN but without diabetes.?

Effect of hypertension and diabetes on cardiovascular disease have been investigated
in American, Finnish, Japanese and Iranian population.” -8 However, there is no large-
scale study to assess the joint effect of HTN and diabetes on the cardiovascular events
in China. Based on the SuValue database, we retrospectively evaluated the impact of
HTN and T2DM on the cardiovascular disease and stroke in the Chinese adults in this
study.

METHODS

Study Design

SuValue database is a big-data hospital information system (HIS) database in China,
including >90 million patients from 161 hospitals across 18 provinces in China.!® This
is a retrospective cross-sectional study designed to evaluate the risk of cardiovascular
and stroke in patients with T2DM and/or HTN from 2004 to 2015. Patients were
included if they met the following criteria: (1) aged>18; (2) first outpatient visit to
hospitals (no diagnosis or medication records in previous records); (3) diagnosed with
T2DM only and/or HTN; (4) had the baseline examination records before or within 3
months since diagnosis (for details see the Section Baseline parameters); (5) follow-up
time larger than 1 time per year. Patients were excluded: sex information missing;
diagnosed with T2DM and/or HTN but without medication records; had been
diagnosed with stroke, myocardial infarction, coronary heart disease, heart failure, had
received coronary artery bypass grafting or percutaneous coronary intervention; with

abnormal kidney function (normal range for serum creatinine: 54-106 pmol/L for men;

5
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44-97 umol/L for women). We also included non-T2DM and non-HTN patients who
performed the baseline examination but not from obstetrics and gynecology department,
cancer department, neurology department and cardiology departments. In this analysis
all patients' records were deidentified and anonymized. Authorization for SuValue
database was obtained when the database was setup, so no ethics consideration or
written informed patient consent was needed for this analysis.

Baseline Parameters

Sex, age, triglyceride, total cholesterol, high-density lipoprotein cholesterol (HDL-C),
low-density lipoprotein cholesterol (LDL-C), serum creatinine, fasting blood glucose,
serum insulin, proteinuria, medication (antidiabetics and antihypertensive medications)
at baseline were captured from electronic medical records within 3 months from the
diagnosis of T2DM and/or HTN or non-T2DM and non-HTN.

Outcomes and Follow-up

We examined 3 outcomes of interest, including the following: combined vascular event
(VE; stroke, myocardial infarction, coronary heart disease, heart failure and coronary
bypass, percutaneous coronary intervention) and stroke. The follow-up was defined by
the first event of outcome or last record before December 315 2019 in the event-free
cases.

Statistical Analyses

The categorical variables were described using frequency and percentage. The
continuous variables were described using mean+SD if normally distributed or median

interquartile range if not. Baseline characteristics were compared for using ANOVA or
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Chi-square tests. Cox proportional hazards model was used to assess the association
between diseases and each of the outcomes, which was adjusted for cardiovascular risk
factors including gender, age, triglyceride, total cholesterol, HDL-C and LDL-C.
Unadjusted, sex- and age-adjusted and cardiovascular risk factors—adjusted hazard
ratios were obtained. A P<0.05 (two-sided) was considered as statistically significant.
All statistical analyses were performed using SAS 9.4 (SAS Institute, Cary, NC, USA).
RESULTS

For the current study, 8,012 patients with T2DM only, 9,653 patients with HTN only
and 3,592 patients with both T2DM and HTN and 10,561 patients without T2DM or
HTN were selected from SuValue database. The median follow-up duration was 4.1
(2.4, 4.9) years. General characteristics of the study population at baseline are presented
in Table 1. Comparing baseline characteristics between the four groups revealed a
significant difference except for total cholesterol and serum insulin.

Kaplan—Meier analyses demonstrated an increased combined vascular event (VE) and
stroke risk according to the presence of diabetes mellitus without considering the
presence of HTN (Fig. 1A). In unadjusted models, comparing with non-HTN and non-
T2DM patients, prevalent diabetes mellitus was significantly associated with a 74.7%
increased risk of VE [95% confidence interval (CI) 1.566-1.949, P<0.0001] and 107.7%
increased risk of stroke (95% CI 1.755-2.459, P<0.0001). Further adjustment with the
age and sex and then with cardiovascular risk factors attenuated the association with
VE and stroke risk (HR 1.332, 95% CI 1.134-1.565 and HR 1.584, 95% CI 1.246-2.014,

respectively; P<0.01, Table 2).
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Kaplan—Meier analyses demonstrated an increased combined vascular event (VE) and
stroke risk according to the presence of HTN without considering the presence of
diabetes mellitus (Fig. 1B). Prevalent HTN was significantly associated with a 524.6%
increased risk of VE (-95% CI 5.712-6.830) and 764.2% increased risk of stroke (95%
CI 7.517-9.934) in unadjusted models (all Ps<0.0001). These associations were
attenuated but still significant after adjustment for age and sex and then other major
cardiovascular risk factors for both VE and stroke risk (HR 3.244, 95% CI 2.946-3.572
and HR 4.543, 95% CI 3.918-5.268, respectively; all Ps<0.0001, Table 2).
Kaplan—Meier analyses demonstrated reduced VE risk and stroke risk in those with
HTN and diabetes mellitus (Fig. 1C). Prevalent HTN and T2DM was significantly
associated with a 393.0% increased risk of VE (95% CI 4.93-5.474) and 499.0%
increased risk of stroke (95% CI 5.102-7.032) in unadjusted models (all Ps<0.0001).
These associations were attenuated but still significant after adjustment for age and sex
and then other major cardiovascular risk factors for both VE risk and stroke risk (HR
3.002, 95% CI 2.577-3.497 and HR 4.151, 95% CI 3.346-5.149, respectively; all
Ps<0.0001, Table 2).

Comparing with HTN, unadjusted hazard ratio for VE risk was 0.789 and for stroke
risk was 0.693 in those with T2DM and HTN (all Ps<0.0001). But after adjustment with
major cardiovascular risk factors, there was no significant reduced risk for T2DM and
HTN comparing with HTN (Table 3).

In unadjusted model, HTN and T2DM combined with HTN were associated with the

VE and stroke risk comparing with T2DM. After adjustment with age and sex and major
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cardiovascular risk factors, prevalent HTN and T2DM combined with HTN were still
significantly associated with VE and stroke risk (Table 4).

DISCUSSION

In this present study, having HTN and/or T2DM was significantly associated with VE
and stroke before and after adjustment for major cardiovascular risk factors comparing
with the non-T2DM and non-HTN. The association of T2DM with the risk of both VE
and stoke risk attenuated after adjusting for major cardiovascular risk factors. HTN
affected the risk of VE and stroke similarly in T2DM and non-T2DM patients after
adjusting for major cardiovascular risk factors. Besides, HTN is more significantly
associated with VE and stroke risk than T2DM.

In unadjusted analyses and adjustment model for major cardiovascular risk factors, we
observed that patients with both T2DM and HTN showed increased risk of VE and
stroke comparing with those with T2DM, and the hazard ratios were significantly
increased from T2DM to both T2DM and HTN. However, after adjustment for major
cardiovascular risk factors, patients with T2DM and HTN were not significantly
increased with the VE and stroke risk comparing with HTN only. Similarly, a
prospective study of 49,582 Finnish subjects showed that HTN affected that risk of
stroke similarly in T2DM and non-T2DM subjects.?’ In this study, we included patients
with HTN and/or T2DM having medication administration record. A meta-analysis
study demonstrated that antihypertensive treatment decreased the risk of cardiovascular
disease and stroke among patients with a history of CVD or diabetes but without HTN.?!

Thus, combined T2DM and HTN did not increase the risk of VE and stroke comparing
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with HTN may be due to the antihypertensive treatment in this population.

Besides, we also observed that HTN was more associated with VE and stroke risk than
T2DM alone. The results were similar with previous report that HTN was more related
with all-cause and atherosclerotic cardiovascular disease than T2DM alone in
community-dwelling older adults.” However, a study performed in Iranian older adults
showed that T2DM alone increased the all-cause mortality by 62% comparing with
HTN alone.'® Thus, a prospective study was necessary to be performed for further
analysis.

The current study has several significant strengths. First, this study included a large
number of patients through hospital data. Second, data information about
cardiovascular risk factors were collected in this study. However, there were several
limitations in this study. First, BMI and life style such as smoking and alcohol drinking
were not accessed through electronic medical records. Second, mortality data were also
not accessed through the HIS system in hospitals. Third, we included patients who
admitted to this hospital for the first time but we are not sure if he or she was firstly
diagnosed as T2DM or HTN, which make the included patients were heterogeneity.
CONCLUSIONS

In summary, HTN and/or T2DM was strongly associated with the increased risk of VE
and stroke independent of conventional cardiovascular risk factors. T2DM seems not
the risk of VE and stroke in HTN patients after adjusting for major cardiovascular risk
factors. HTN is more significantly associated with VE and stroke risk than T2DM.

However, a prospective study investigating the impact of HTN and/or T2DM on VE
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and stroke risk is needed to be performed.
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Table 1 Baseline characteristics of included patients.

Non-T2DM P
HTN only T2DMonly T2DM and HTN and non-HTN value
Total 9,653 8,012 3,592 10561
Sex
Male 4,419 (45.8%) 4,006 (50.0%) 1,634 (45.5%) 4889 (46.3%) -
Female 5,234 (54.2%) 4,006 (50.0%) 1,958 (54.5%) 5672 (53.7%) -
Age
18-29 (n, %) 79 (0.8%) 204 (2.5%) 31(0.9%) 1372 (13.0%) -
30-39 (n, %) 602 (6.2%) 831 (10.4%) 139 (3.9%) 2439 (23.1%) -
40-49 (n, %) 1,856 (19.2%) 2,323 (29.0%) 553 (15.4%) 3227 (30.6%) -
50-59 (n, %) 1,856 (20.7%) 2,297 (28.7%) 927 (25.8%) 1954 (18.5%) -
60-69 (n, %) 2,552 (26.4%) 1,704 (21.3%) 1,194 33.2%) 1179 (11.2%) -
70-79 (n, %) 1,715 (17.8%) 556 (6.9%) 573 (16.0%) 336 (3.2%) -
>80 (n, %) 852 (8.8%) 97 (1.2%) 175 (4.9%) 54 (0.5%) -
Triglyceride
(mmol/L) 1.86 (1.54) 2.35(2.55) 2.29 (1.85) 1.71 (1.65) <.0001
Total
cholesterol
(mmol/L) 5.31(1.19) 5.32(1.41) 5.29 (1.28) 5.28 (1.15) 0.3506
HDL-C
(mmol/L) 1.41 (0.41) 1.25 (0.45) 1.26 (0.39) 1.40 (0.39) <.0001
LDL-C
(mmol/L) 3.17 (1.00) 3.07 (1.03) 3.02 (0.98) 3.03 (0.90) <.0001
Serum
creatinine
(nmol/L) 81.11 (39.35)  70.57 (23.94) 84.26 (59.38) 76.78 (20.42)  <.0001
HbAlc (%) 5.58 (1.38) 9.41 (3.11) 8.41(2.63) 5.73 (1.31) <.0001
Fasting blood-
glucose
(mmol/L) 5.76 (1.28) 11.15 (5.28) 0.88 (5.14) 5.58 (1.13) <.0001
Serum insulin 117.64
(pmol/liter) 95.63 (60.05) (288.36) 78.43 (57.89) 9.98 (3.21) 0.6502
Proteinuria
(positive) 310 (3.2%) 145 (1.8%) 126 (3.5%) 143 (1.4%) <.0001
Diabetes
complications
Diabetic
nephropathy 450 (5.6%) 446 (12.4%) - -
Diabetic
retinopathy 313 (3.9%) 159 (4.4%) - -
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Diabetic

neuropathy - 462 (5.8%) 225 (6.3%) - -
Diabetic

lower limb

vascular

disease - 7 (0.09%) 15 (0.42%) - -
Diabetic

foot - 80 (1.0%) 61 (1.7%) - -

HTN: hypertension; T2DM: type 2 diabetes mellitus; HDL-C: high density lipoprotein
cholesterol; LDL-C: low density lipoprotein cholesterol. For continuous variables, data
were presented as mean (SD) and P values for four groups were calculated using
ANOVA test. For categorical variables, data were presented as number (frequency) and

P values for four groups were calculated using Chi-square test.
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Table 2 Association of type 2 diabetes mellitus (T2DM) and/or hypertension (HTN)

with combined vascular event and stroke comparing with non-T2DM and non-

HTN.
Combined vascular event (VE) Stroke
P
HR (95% CI) P value | HR (95% CI) value
Unadjusted
Non-T2DM and
non-HTN 1 (reference) 1 (reference)
T2DM only 1.747 (1.566, 1.949) <.0001 2.077 (1.755,2.459) | <.0001
HTN only 6.246 (5.712, 6.830) <.0001 8.642 (7.517,9.934) | <.0001
T2DM and HTN | 4.930 (4.93, 5.474) <.0001 5.990 (5.102, 7.032) | <.0001
Age- and sex-
adjusted
Non-T2DM and
non-HTN 1 (reference) 1 (reference)
T2DM only 1.258 (1.127, 1.405) <.0001 1.464 (1.235,1.735) | <.0001
HTN only 3.344 (3.046, 3.670) <.0001 4.409 (3.817,5.093) | <.0001
T2DM and HTN | 2.595 (2.329, 2.892) <.0001 3.021 (2.561, 3.563) | <.0001
Risk factors—
adjusted
Non-T2DM and
non-HTN 1 (reference) 1 (reference)
T2DM only 1.332 (1.134, 1.565) 0.0005 1.584 (1.246,2.014) | <.0001
HTN only 3.244 (2.946, 3.572) <.0001 4.543 (3.918, 5.268) | <.0001
T2DM and HTN | 3.002 (2.577, 3.497) <.0001 4.151 (3.346, 5.149) | <.0001

CI, confidence interval; VE, combined vascular event; T2DM, type 2 diabetes mellitus;

HR, hazard ratio; HTN, hypertension. Risk factors include age, sex, triglycerides, total

cholesterol, high density lipoprotein cholesterol, low density lipoprotein cholesterol.
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Table 3 Association of type 2 diabetes mellitus (T2DM) and hypertension (HTN)

with combined vascular event and stroke comparing with HTN only.

Combined vascular event (VE) Stroke
HR (95% CI) P value HR (95% CI) P value

Unadjusted

HTN only 1 (reference) 1 (reference)

T2DM and
HTN 0.789 (0.732, 0.851) | <.0001 0.693 (0.624, 0.769) <.0001
Age- and sex-
adjusted

HTN only 1 (reference) 1 (reference)

T2DM and
HTN 0.776 (0.720, 0.836) | <.0001 0.685 (0.617,0.761) <.0001
Risk factors—
adjusted

HTN only 1 (reference) 1 (reference)

T2DM and
HTN 0.925 (0.814, 1.052) | 0.2352 0.914 (0.771, 1.082) 0.2959

CI, confidence interval; VE, combined vascular event; T2DM, type 2 diabetes mellitus;

HR, hazard ratio; HTN, hypertension. Risk factors include age, sex, triglycerides, total

cholesterol, high density lipoprotein cholesterol, low density lipoprotein cholesterol.
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Table 4 Association of type 2 diabetes mellitus (T2DM) and/or hypertension (HTN)

with combined vascular event and stroke comparing with T2DM only.

Combined vascular event (VE) Stroke
P
HR (95% CI) P value | HR (95% CI) value

Unadjusted

T2DM only 1 (reference) 1 (reference)

HTN only 3.575 (3.296, 3.877) <.0001 4.160 (3.701,4.675) | <.0001

T2DM and
HTN 2.821 (2.558,3.112) <.0001 2.883 (2.504, 3.321) | <.0001
Age- and sex-
adjusted

T2DM only 1 (reference) 1 (reference)

HTN only 2.657 (2.447, 2.885) <.0001 3.011 (2.676, 3.389) | <.0001

T2DM and
HTN 2.062 (1.868,2.276) <.0001 2.063 (1.789,2.379) | <.0001
Risk factors—
adjusted

T2DM only 1 (reference) 1 (reference)

HTN only 2.435(2.113, 2.805) <.0001 2.868 (2.341, 3.513) | <.0001

T2DM and
HTN 2.253 (1.876, 2.706) <.0001 2.620 (2.031, 3.380) | <.0001

CI, confidence interval; VE, combined vascular event; T2DM, type 2 diabetes mellitus;

HR, hazard ratio; HTN, hypertension. Risk factors include age, sex, triglycerides, total

cholesterol, high density lipoprotein cholesterol, low density lipoprotein cholesterol.

20

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml




oNOYTULT D WN =

BMJ Open

Diseases lype == HTN only == T2D only === HTN and T2DM ==~ Nan-HTN and nan-T20M

10
0o
§
: 08
g
B
]
5 07
£
8
£
£
8
w 06-
05
[] 1 2 3 1 5
Tirme (year)
Number at risk
5 9653 7303 6381 5463 4418 3215
E 20M only{ 8012 7010 5871 4742 3512 2202
ﬁ HTN and T2DM- 3502 2934 2472 2082 1645 1086
a
10561 9233 7876 6918 5608 4086
[] 1 3 3 1 5
Time (year)

Figure 1 Kaplan—Meier survival curve of combined vascular event (VE) and stroke according to the presence

Free from stroke

Diseases type

Disaases typs == HTN oy == T2DM ondy == HTN and T2DM == Nen-HTN and nen~T2DM

DM ony{ 8012

0 1 2 3 4 5
Time (year)
Number at risk
9653 7808 7004 6150 5062 3760
7003 6023 4945 3702 2339
3592 3156 prral:] 2333 1876 1238
10561 9314 8001 7084 5998 4266
o 1 2 3 4 5
Time (year)

of type 2 diabetes mellitus (T2DM) and hypertension (HTN).

479x294mm (150 x 150 DPI)

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

Page 22 of 23



Page 23 of 23

oNOYTULT D WN =

BMJ Open

STROBE Statement—Checklist of items that should be included in reports of cross-sectional studies

Item Page
No Recommendation No
Title and abstract 1 (a) Indicate the study’s design with a commonly used term in the title or 1,2
the abstract
(b) Provide in the abstract an informative and balanced summary of what 2
was done and what was found
Introduction
Background/rationale 2 Explain the scientific background and rationale for the investigation being | 4, 5
reported
Objectives 3 State specific objectives, including any prespecified hypotheses 5
Methods
Study design 4 Present key elements of study design early in the paper 5
Setting Describe the setting, locations, and relevant dates, including periods of 5,6
recruitment, exposure, follow-up, and data collection
Participants 6 (a) Give the eligibility criteria, and the sources and methods of selection of | 5, 6
participants
Variables 7 Clearly define all outcomes, exposures, predictors, potential confounders, | 6
and effect modifiers. Give diagnostic criteria, if applicable
Data sources/ 8* For each variable of interest, give sources of data and details of methods 56
measurement of assessment (measurement). Describe comparability of assessment
methods if there is more than one group
Bias 9 Describe any efforts to address potential sources of bias 5,6
Study size 10 Explain how the study size was arrived at 7
Quantitative variables 11 Explain how quantitative variables were handled in the analyses. If 5,6
applicable, describe which groupings were chosen and why
Statistical methods 12 (a) Describe all statistical methods, including those used to control for 6,7
confounding
(b) Describe any methods used to examine subgroups and interactions NA
(c) Explain how missing data were addressed NA
(d) If applicable, describe analytical methods taking account of sampling NA
strategy
(e) Describe any sensitivity analyses NA
Results
Participants 13*  (a) Report numbers of individuals at each stage of study—eg numbers 7
potentially eligible, examined for eligibility, confirmed eligible, included
in the study, completing follow-up, and analysed
(b) Give reasons for non-participation at each stage NA
(c¢) Consider use of a flow diagram NA
Descriptive data 14*  (a) Give characteristics of study participants (eg demographic, clinical, 7,8
social) and information on exposures and potential confounders
(b) Indicate number of participants with missing data for each variable of | 7, 8
interest
Outcome data 15*%  Report numbers of outcome events or summary measures 7,8
Main results 16 (a) Give unadjusted estimates and, if applicable, confounder-adjusted 7,8

estimates and their precision (eg, 95% confidence interval). Make clear

which confounders were adjusted for and why they were included
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(b) Report category boundaries when continuous variables were 7,8
categorized
(c) If relevant, consider translating estimates of relative risk into absolute | NA
risk for a meaningful time period

Other analyses 17 Report other analyses done—eg analyses of subgroups and interactions, NA
and sensitivity analyses

Discussion

Key results 18 Summarise key results with reference to study objectives 9, 10

Limitations 19 Discuss limitations of the study, taking into account sources of potential 10
bias or imprecision. Discuss both direction and magnitude of any potential
bias

Interpretation 20 Give a cautious overall interpretation of results considering objectives, 9,10
limitations, multiplicity of analyses, results from similar studies, and other
relevant evidence

Generalisability 21 Discuss the generalisability (external validity) of the study results 9,10

Other information

Funding 22 Give the source of funding and the role of the funders for the present study | 11

and, if applicable, for the original study on which the present article is
based

*Give information separately for exposed and unexposed groups.

Note: An Explanation and Elaboration article discusses each checklist item and gives methodological background and

published examples of transparent reporting. The STROBE checklist is best used in conjunction with this article (freely

available on the Web sites of PLoS Medicine at http://www.plosmedicine.org/, Annals of Internal Medicine at

http://www.annals.org/, and Epidemiology at http://www.epidem.com/). Information on the STROBE Initiative is

available at www.strobe-statement.org.
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ABSTRACT

Objective The prevalence of type 2 diabetes mellitus (T2DM) and hypertension (HTN)
has largely increased in recent years. However, there is little evidence from large-scale
study to assess the joint effect of T2DM and HTN on the risk of cardiovascular events
in China. This study was performed to investigate the association of T2DM and HTN
with the incidence of combined vascular event (VE) and stroke in China.

Design A retrospective cohort study.

Setting Data were collected from the SuValue database which includes electronic
medical records of >90 million patients from 161 hospitals across 18 provinces in China.
Participants Patients aged>18 with diagnosis of T2DM and/or HTN were included.
Non-T2DM and non-HTN patients were included in this study as control.

Outcomes Incidence of combined vascular event (VE) and stroke during the study.
Results For the current study, 8,012 patients with T2DM, 9,653 patients with HTN and
3,592 patients with both T2DM and HTN, 10,561 patients without T2DM or HTN were
included. T2DM was significantly associated with combined VE and stroke risk (hazard
ratio 1.332, 95% CI 1.134-1.565 and HR 1.584, 95% CI 1.246-2.014, respectively).
HTN was significantly associated with combined VE and stroke risk (HR 3.244, 95%
CI 2.946-3.572 and HR 4.543, 95% CI 3.918-5.268, respectively). T2DM combined
with HTN was significantly associated with combined VE and stroke risk (HR 3.002,
95% CI 2.577-3.497 and HR 4.151, 95% CI 3.346-5.149, respectively). HTN was more
strongly associated with combined VE and stroke risk than T2DM (HR 2.435, 95% CI

2.113-2.805 and HR 2.868, 95% CI 2.341-3.513, respectively).

2
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Conclusion Subjects with T2DM and HTN were strongly associated with combined

VE and stroke risk, however, the HTN only group was more strongly associated with

combined VE and stroke risk compared with the T2DM only group.

Keywords: type 2 diabetes mellitus, hypertension, cardiovascular events, stroke,

vascular events

Strengths and limitations of this study

Strengths of this study

® This study included large number of patients in real-world setting (a total of 31,818
patients).

® (ardiovascular risk factors were collected in this study.

Limitations of this study

® BMI and life style such as smoking and alcohol drinking were not accessed through
electronic medical records in hospitals.

® Mortality data were not accessed through the electronic medical records in

hospitals.
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INTRODUCTION

The prevalence of type 2 diabetes mellitus (T2DM) has increased to 10.4% in 2013 and
11.2% in 2015 from 0.67% in 1980 in China.! > Hypertension (HTN) has been found to
be common in over two-thirds of patients with diabetes.? * The development of HTN
coincides with the development of hyperglycaemia.® Insulin resistance and
hyperinsulinaemia might promote atherogenesis, thereby affecting blood pressure
homoeostasis.’ ©

Diabetes has been reported to be strong risk factor for cardiovascular diseases, all-cause
mortality, coronary heart disease, ischemic heart disease and stroke in many studies.”
1 According to the Framingham Heart Study, adults with diabetes had absolute 2-fold
risk of cardiovascular diseases compared with subjects without diabetes.'?> Total
cardiovascular disease burden in the diabetes patients has increased throughout the past
four decades.> A cross-sectional study showed that HTN was commonly in newly
diagnosed diabetes and HTN patients had a higher prevalence of cardiovascular events
than normotensive subjects before the diagnosis of diabetes.!3 Hypertension has also
been reported to be one of the strongest risk factors for cardiovascular diseases
including coronary disease, vascular heart diseases, and cerebral stroke.!#?°  The co-
existence of diabetes and HTN demonstrated a dramatically increased risk of
cardiovascular disease by two to four times compared to the adults without HTN or
diabetes.?> Thus, diabetes and HTN are thought to be the bad companions and blood
pressure control is critical in the diabetes patients combined with HTN. Besides, a study

demonstrated that HTN had stronger association with atherosclerotic cardiovascular

4
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disease than diabetes.?!

Effect of hypertension and diabetes on the risk of cardiovascular disease have been
investigated in American, Finnish, Japanese and Iranian population.?!->* However, there
is little evidence from large-scale study to assess the joint effect of HTN and diabetes
on the risk of cardiovascular events in China. The purpose of the study was to evaluate
the impact of HTN and T2DM on the risk of cardiovascular disease and stroke in the
Chinese adults using the SuValue database.

METHODS

Study Design

SuValue database is a big-data hospital information system (HIS) database,
including >90 million patients from 161 hospitals across 18 provinces in China.?> This
was a retrospective, cohort study designed to evaluate the risk of cardiovascular
diseases and stroke in patients with T2DM and/or HTN from 2004 to 2015 in China
real-world setting. Patients were included if they met the following criteria: (1) aged>18;
(2) newly diagnosed T2DM and/or HTN; (3) had the baseline examination records
before or within 3 months at the first diagnosis (details of baseline examination were
described in the Baseline Parameters section); (4) EMRs could be found in one year
later after the first diagnosis of T2DM and/or HTN. Patients were excluded as follows:
sex information missing; had been diagnosed with stroke, myocardial infarction,
coronary heart disease, heart failure, had received coronary artery bypass grafting or
percutaneous coronary intervention before the first diagnosis of T2DM and/or HTN;

with abnormal kidney function (normal range for serum creatinine: 54-106 pmol/L for
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men; 44-97 umol/L for women). We also included non-T2DM and non-HTN patients
who performed the baseline examination but not from obstetrics and gynecology
department, cancer department, neurology department and cardiology department.
Authorization for SuValue database was obtained when the database was setup, so both
ethics consideration and written informed patient consent were not needed for this
analysis. Besides, all patients' electronic medical records (EMRs) were deidentified and
anonymized when the SuValue database was constructed.

Baseline Parameters

Sex, age, triglyceride, total cholesterol, high-density lipoprotein cholesterol (HDL-C),
low-density lipoprotein cholesterol (LDL-C), serum creatinine, fasting blood glucose,
serum insulin, proteinuria, medication (antidiabetics and antihypertensive medications)
at baseline were captured from EMRs before or within 3 months at the first diagnosis
of T2DM and/or HTN.

Outcomes

We examined two outcomes of interest: combined vascular event (VE) and stroke.
Combined VE include stroke, myocardial infarction, coronary heart disease, heart
failure and coronary bypass, percutaneous coronary intervention. The outcomes were
defined as the first event or last record before December 31, 2019 in the event-free cases
according to the diagnosis in the patients’ EMRs.

Statistical Analyses

The categorical variables were described using frequency and percentage. The

continuous variables were described using mean (SD) if normally distributed or median
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interquartile range if not. Baseline characteristics were compared using ANOVA or
Chi-square tests. Kaplan—Meier survival analysis of the incidence of combined VE and
stroke by the presence of T2DM and/or HTN was performed. Cox proportional hazards
model was used to assess the association between diseases and each outcome, which
was adjusted for cardiovascular risk factors including gender, age, triglyceride, total
cholesterol, HDL-C and LDL-C. Unadjusted, sex- and age-adjusted and cardiovascular
risk factors—adjusted hazard ratios were obtained. A P<0.05 (two-sided) was considered
as statistically significant. All statistical analyses were performed using SAS 9.4 (SAS
Institute, Cary, NC, USA).

Public and Patient involvement

Patients and/or the public were not involved in the design, or conduct, or reporting, or
dissemination plans of this research.

RESULTS

For the current study, 8,012 patients with T2DM only, 9,653 patients with HTN only
and 3,592 patients with both T2DM and HTN and 10,561 patients without T2DM or
HTN were selected from the SuValue database. The median follow-up duration was 4.1
(2.4, 4.9) years. General characteristics of the study population at baseline are presented
in Table 1. Comparing baseline characteristics between the four groups revealed
significant differences except for total cholesterol (p=0.3506) and serum insulin (p=
0.6502).

Kaplan—Meier analyses demonstrated increased combined VE and stroke risk in the

HTN group (Fig. 1). In unadjusted models, compared with non-HTN and non-T2DM

7

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

Page 8 of 25



Page 9 of 25

oNOYTULT D WN =

BMJ Open

patients, the HR of T2DM was 1.747 for combined VE [95% confidence interval (CI)
1.566-1.949, P<0.0001] and 2.077 for stroke (95% CI 1.755-2.459, P<0.0001). Further
adjustment with the age and sex and then with cardiovascular risk factors attenuated
the association of T2DM with combined VE and stroke risk (HR 1.332, 95% CI 1.134-
1.565 and HR 1.584, 95% CI 1.246-2.014, respectively; P<0.001, Table 2).
Kaplan—Meier analyses demonstrated increased combined VE and stroke risk in the
HTN group (Fig. 1). HTN only group had more than 6-fold increased risk of combined
VE (95% CI 5.712-6.830) and more than 8-fold increased risk of stroke (95% CI 7.517-
9.934) in unadjusted models (all Ps<0.0001). These associations were attenuated but
still significant after adjustment for age and sex and then other major cardiovascular
risk factors for both combined VE and stroke risk (HR 3.244, 95% CI 2.946-3.572 and
HR 4.543, 95% CI 3.918-5.268, respectively; all Ps<0.0001, Table 2).

Kaplan—Meier analyses demonstrated increased combined VE and stroke risk in the
HTN and T2DM group (Fig. 1). For combined VE, the HR of HTN and T2DM group
was 4.93 (95% CI 4.93-5.474). HTN and T2DM group increased the risk of stroke to
5.990 (95% CI 5.102-7.032) in unadjusted models (all Ps<0.0001). These associations
were attenuated but still significant after adjustment for age and sex and then other
major cardiovascular risk factors for both combined VE risk and stroke risk (HR 3.002,
95% CI 2.577-3.497 and HR 4.151, 95% CI 3.346-5.149, respectively; all Ps<0.0001,
Table 2).

Compared with HTN only group, unadjusted HR for combined VE risk was 0.789 and

0.693 for stroke risk in the both T2DM and HTN group (all Ps<0.0001). But after
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adjustment with major cardiovascular risk factors, there was no significant reduced risk
for both T2DM and HTN group compared with HTN only group (Table 3).

In unadjusted model, HTN and T2DM group and HTN only group were associated with
the combined VE and stroke risk compared with T2DM only. After adjustment with
age and sex and major cardiovascular risk factors, both HTN and T2DM group and
HTN only group were still significantly associated with combined VE and stroke risk
(Table 4).

DISCUSSION

In this present study, having HTN and/or T2DM was significantly associated with
combined VE and stroke before and after adjustment for major cardiovascular risk
factors compared with the non-T2DM and non-HTN group. The association of T2DM
with the risk of both combined VE and stroke attenuated after adjusting for major
cardiovascular risk factors. Besides, HTN only group was more significantly associated
with combined VE and stroke risk than T2DM only group.

To our known, our study firstly investigated the combined effect of HTN and T2DM in
large cohorts in real world setting in Chinese patients. There are several studies
conducted in Finland, American and Japan investigating different impact of HTN and
diabetes on cardiovascular disease incidence and mortality.?!->3 26 HTN and/or T2DM
were associated with the increased risk of combined VE and stroke in this study. The
HR for cardiovascular disease was about 2 in the T2DM only group, which was lower
than 3 reported in Framinghanm cohort of 1952-74.!" Both HTN and T2DM have been

shown to be the strong risk factors for cardiovascular disease mortality.3
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In unadjusted analyses and adjustment model for major cardiovascular risk factors, we
observed that patients with both T2DM and HTN showed increased risk of combined
VE and stroke compared with those only with T2DM. These results suggest that the
HTN conferred an enhanced risk of cardiovascular disease. Similarly, co-existence of
HTN and T2DM conferred increased risk of cardiovascular diseases incidence
compared with T2DM only adults.3 %’

After adjustment for major cardiovascular risk factors, patients with T2DM and HTN
were not significantly increased with the combined VE and stroke risk compared with
HTN only. In this study, we included patients with HTN and/or T2DM having
medication records. Antihypertension treatment such as angiotensin converting enzyme
inhibitor, calcium-channel blockers, or B blockers have been shown to reduce the risk
of cardiovascular diseases according to several randomized trials and meta-analysis
researches.?® 2 A meta-analysis study demonstrated that antihypertensive treatment
decreased the risk of cardiovascular disease and stroke among patients with a history
of cardiovascular disease without HTN.3? Thus, combined T2DM and HTN did not
increase the risk of combined VE and stroke compared with HTN, which may be due
to the antihypertensive treatment in this population.

Besides, we also observed that HTN only group was more associated with combined
VE and stroke risk than T2DM group. The results were similar with previous report
that HTN alone was more related with all-cause and atherosclerotic cardiovascular
disease than T2DM alone in community-dwelling older adults.?! A study performed in

Iranian older adults showed that T2DM alone increased the coronary heart disease
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incidence, stroke incidence and the all-cause mortality compared with HTN alone .>*
Thus, a prospective study was necessary to be performed for further analysis.

The current study has several significant strengths. First, this study included large
number of patients. Second, data information about cardiovascular risk factors were
collected in this study. However, there were several limitations in this study. First, BMI
and life style such as smoking and alcohol drinking were not accessed through EMRs.
Second, mortality data could not be accessed through the HIS system in hospitals.
CONCLUSIONS

In summary, HTN and/or T2DM was strongly associated with the increased risk of
combined VE and stroke independent of conventional cardiovascular risk factors.
T2DM seems not the risk of combined VE and stroke in HTN patients after adjusting
for major cardiovascular risk factors. HTN was more significantly associated with
combined VE and stroke risk than T2DM. However, a prospective study investigating
the impact of HTN and/or T2DM on combined VE and stroke risk is needed to be

performed.
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Table 1 Baseline characteristics of included patients.

Non-T2DM P

HTN only T2DMonly T2DM and HTN and non-HTN value
Total 9,653 8,012 3,592 10561
Sex
Male 4,419 (45.8%) 4,006 (50.0%) 1,634 (45.5%) 4889 (46.3%) -
Female 5,234 (54.2%) 4,006 (50.0%) 1,958 (54.5%) 5672 (53.7%) -
Age
18-29 (n, %) 79 (0.8%) 204 (2.5%) 31(0.9%) 1372 (13.0%) -
30-39 (n, %) 602 (6.2%) 831 (10.4%) 139 (3.9%) 2439 (23.1%) -
40-49 (n, %) 1,856 (19.2%) 2,323 (29.0%) 553 (15.4%) 3227 (30.6%) -
50-59 (n, %) 1,856 (20.7%) 2,297 (28.7%) 927 (25.8%) 1954 (18.5%) -
60-69 (n, %) 2,552 (26.4%) 1,704 (21.3%) 1,194 33.2%) 1179 (11.2%) -
70-79 (n, %) 1,715 (17.8%) 556 (6.9%) 573 (16.0%) 336 (3.2%) -
>80 (n, %) 852 (8.8%) 97 (1.2%) 175 (4.9%) 54 (0.5%) -
Triglyceride
(mmol/L) 1.86 (1.54) 2.35(2.55) 2.29 (1.85) 1.71 (1.65) <.0001
Total
cholesterol
(mmol/L) 5.31(1.19) 5.32(1.41) 5.29 (1.28) 5.28 (1.15) 0.3506
HDL-C
(mmol/L) 1.41 (0.41) 1.25 (0.45) 1.26 (0.39) 1.40 (0.39) <.0001
LDL-C
(mmol/L) 3.17 (1.00) 3.07 (1.03) 3.02 (0.98) 3.03 (0.90) <.0001
Serum
creatinine
(nmol/L) 81.11 (39.35)  70.57 (23.94) 84.26 (59.38) 76.78 (20.42)  <.0001
HbAlc (%) 5.58 (1.38) 9.41 (3.11) 8.41(2.63) 5.73 (1.31) <.0001
Fasting blood-
glucose
(mmol/L) 5.76 (1.28) 11.15 (5.28) 0.88 (5.14) 5.58 (1.13) <.0001
Serum insulin 117.64
(pmol/liter) 95.63 (60.05) (288.36) 78.43 (57.89) 9.98 (3.21) 0.6502
Proteinuria
(positive) 310 (3.2%) 145 (1.8%) 126 (3.5%) 143 (1.4%) <.0001
Diabetes
complications
Diabetic
nephropathy 450 (5.6%) 446 (12.4%) - -
Diabetic
retinopathy 313 (3.9%) 159 (4.4%) - -

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

17



Page 19 of 25 BMJ Open

Diabetic
neuropathy
Diabetic
lower limb
9 vascular
10 disease - 7 (0.09%) 15 (0.42%) -
Diabetic
13 foot - 80 (1.0%) 61 (1.7%) -

462 (5.8%) 225 (6.3%) -

oNOYTULT D WN =

15 HTN: hypertension; T2DM: type 2 diabetes mellitus; HDL-C: high density lipoprotein
cholesterol; LDL-C: low density lipoprotein cholesterol. For continuous variables, data
20 were presented as mean (SD) and P values for four groups were calculated using
23 ANOVA test. For categorical variables, data were presented as number (frequency) and

25 P values for four groups were calculated using Chi-square test.
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Table 2 Association of type 2 diabetes mellitus (T2DM) and/or hypertension (HTN)

with combined vascular event and stroke compared with non-T2DM and non-

Page 20 of 25

HTN group.
Combined vascular event (VE) Stroke
P
HR (95% CI) P value | HR (95% CI) value
Unadjusted
Non-T2DM and
non-HTN 1 (reference) 1 (reference)
T2DM only 1.747 (1.566, 1.949) <.0001 2.077 (1.755,2.459) | <.0001
HTN only 6.246 (5.712, 6.830) <.0001 8.642 (7.517,9.934) | <.0001
T2DM and HTN | 4.930 (4.93, 5.474) <.0001 5.990 (5.102, 7.032) | <.0001
Age- and sex-
adjusted
Non-T2DM and
non-HTN 1 (reference) 1 (reference)
T2DM only 1.258 (1.127, 1.405) <.0001 1.464 (1.235,1.735) | <.0001
HTN only 3.344 (3.046, 3.670) <.0001 4.409 (3.817,5.093) | <.0001
T2DM and HTN | 2.595 (2.329, 2.892) <.0001 3.021 (2.561, 3.563) | <.0001
Risk factors—
adjusted
Non-T2DM and
non-HTN 1 (reference) 1 (reference)
T2DM only 1.332 (1.134, 1.565) 0.0005 1.584 (1.246,2.014) | <.0001
HTN only 3.244 (2.946, 3.572) <.0001 4.543 (3.918, 5.268) | <.0001
T2DM and HTN | 3.002 (2.577, 3.497) <.0001 4.151 (3.346, 5.149) | <.0001

CI, confidence interval; VE, combined vascular event; T2DM, type 2 diabetes mellitus;

HR, hazard ratio; HTN, hypertension. Risk factors include age, sex, triglycerides, total

cholesterol, high density lipoprotein cholesterol, low density lipoprotein cholesterol.

19

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml



Page 21 of 25

oNOYTULT D WN =

BMJ Open

Table 3 Association of type 2 diabetes mellitus (T2DM) and hypertension (HTN)

with combined vascular event and stroke compared with HTN only.

Combined vascular event (VE) Stroke
HR (95% CI) P value HR (95% CI) P value

Unadjusted

HTN only 1 (reference) 1 (reference)

T2DM and
HTN 0.789 (0.732, 0.851) | <.0001 0.693 (0.624, 0.769) <.0001
Age- and sex-
adjusted

HTN only 1 (reference) 1 (reference)

T2DM and
HTN 0.776 (0.720, 0.836) | <.0001 0.685 (0.617,0.761) <.0001
Risk factors—
adjusted

HTN only 1 (reference) 1 (reference)

T2DM and
HTN 0.925 (0.814, 1.052) | 0.2352 0.914 (0.771, 1.082) 0.2959

CI, confidence interval; VE, combined vascular event; T2DM, type 2 diabetes mellitus;

HR, hazard ratio; HTN, hypertension. Risk factors include age, sex, triglycerides, total

cholesterol, high density lipoprotein cholesterol, low density lipoprotein cholesterol.
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Table 4 Association of type 2 diabetes mellitus (T2DM) and/or hypertension (HTN)
with combined vascular event and stroke compared with T2DM only.
Combined vascular event (VE) Stroke
P
HR (95% CI) P value | HR (95% CI) value

Unadjusted

T2DM only 1 (reference) 1 (reference)

HTN only 3.575 (3.296, 3.877) <.0001 4.160 (3.701,4.675) | <.0001

T2DM and
HTN 2.821 (2.558,3.112) <.0001 2.883 (2.504, 3.321) | <.0001
Age- and sex-
adjusted

T2DM only 1 (reference) 1 (reference)

HTN only 2.657 (2.447, 2.885) <.0001 3.011 (2.676, 3.389) | <.0001

T2DM and
HTN 2.062 (1.868,2.276) <.0001 2.063 (1.789,2.379) | <.0001
Risk factors—
adjusted

T2DM only 1 (reference) 1 (reference)

HTN only 2.435(2.113, 2.805) <.0001 2.868 (2.341, 3.513) | <.0001

T2DM and
HTN 2.253 (1.876, 2.706) <.0001 2.620 (2.031, 3.380) | <.0001

CI, confidence interval; VE, combined vascular event; T2DM, type 2 diabetes mellitus;

HR, hazard ratio; HTN, hypertension. Risk factors include age, sex, triglycerides, total

cholesterol, high density lipoprotein cholesterol, low density lipoprotein cholesterol.
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Figure legends

Figure 1 Kaplan-Meier survival curve of combined vascular event (A) and stroke (B)

oNOYTULT D WN =

among different groups. HTN: hypertension, T2DM: type 2 diabetes mellitus.

22

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml



oNOYTULT D WN =

Free from combined vascular event

Diseases type

1.01

0.9+

0.81

0.7 1

0.6

0.51

HTN only 1

T2DM only 1

HTN and T2DM 1

Non—-HTN and non-T2DM -

Diseases type =#= HTN only =#= T2DM only =#= HTN and T2DM =#= Non-HTN and non-T2DM

0 1 2 3 4 5
Time (year)
Number at risk
9653 7303 6381 5463 4416 3215
8012 7010 5871 4742 3512 2202
3592 2934 2472 2082 1645 1086
10561 9233 7876 6918 5808 4086
0 1 2 3 4 5
Time (year)

BMJ Oan

1.0

0.9

Q 0.8
O
»
€
O
Y
(0]
D

L 0.7 1

0.6

0.5

HTN only -

o y
S

“J') T2DM only 1
(O]
(72}

3 HTN and T2DMH
R
O

Non—-HTN and non-T2DM -

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

Diseases type =#= HTN only =#= T2DM only =#= HTN and T2DM =#*= Non-HTN and non-T2DM

Time (year)

0 1 2 3 4 5
Time (year)
Number at risk

9653 7809 7004 6150 5062 3760
8012 7093 6023 4945 3702 2339
3592 3156 2719 2333 1876 1238
10561 9314 8001 7084 5998 4266

1 2 3 4 5

Page 24 of 25



Page 25 of 25

oNOYTULT D WN =

BMJ Open

STROBE Statement—Checklist of items that should be included in reports of cross-sectional studies

Item Page
No Recommendation No
Title and abstract 1 (a) Indicate the study’s design with a commonly used term in the title or 1,2
the abstract
(b) Provide in the abstract an informative and balanced summary of what 2
was done and what was found
Introduction
Background/rationale 2 Explain the scientific background and rationale for the investigation being | 4, 5
reported
Objectives 3 State specific objectives, including any prespecified hypotheses 5
Methods
Study design 4 Present key elements of study design early in the paper 5
Setting Describe the setting, locations, and relevant dates, including periods of 5,6
recruitment, exposure, follow-up, and data collection
Participants 6 (a) Give the eligibility criteria, and the sources and methods of selection of | 5, 6
participants
Variables 7 Clearly define all outcomes, exposures, predictors, potential confounders, | 6
and effect modifiers. Give diagnostic criteria, if applicable
Data sources/ 8* For each variable of interest, give sources of data and details of methods 56
measurement of assessment (measurement). Describe comparability of assessment
methods if there is more than one group
Bias 9 Describe any efforts to address potential sources of bias 5,6
Study size 10 Explain how the study size was arrived at 7
Quantitative variables 11 Explain how quantitative variables were handled in the analyses. If 5,6
applicable, describe which groupings were chosen and why
Statistical methods 12 (a) Describe all statistical methods, including those used to control for 6,7
confounding
(b) Describe any methods used to examine subgroups and interactions NA
(c) Explain how missing data were addressed NA
(d) If applicable, describe analytical methods taking account of sampling NA
strategy
(e) Describe any sensitivity analyses NA
Results
Participants 13*  (a) Report numbers of individuals at each stage of study—eg numbers 7
potentially eligible, examined for eligibility, confirmed eligible, included
in the study, completing follow-up, and analysed
(b) Give reasons for non-participation at each stage NA
(c¢) Consider use of a flow diagram NA
Descriptive data 14*  (a) Give characteristics of study participants (eg demographic, clinical, 7,8
social) and information on exposures and potential confounders
(b) Indicate number of participants with missing data for each variable of | 7, 8
interest
Outcome data 15*%  Report numbers of outcome events or summary measures 7,8
Main results 16 (a) Give unadjusted estimates and, if applicable, confounder-adjusted 7,8

estimates and their precision (eg, 95% confidence interval). Make clear

which confounders were adjusted for and why they were included
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(b) Report category boundaries when continuous variables were 7,8
categorized
(c) If relevant, consider translating estimates of relative risk into absolute | NA
risk for a meaningful time period

Other analyses 17 Report other analyses done—eg analyses of subgroups and interactions, NA
and sensitivity analyses

Discussion

Key results 18 Summarise key results with reference to study objectives 9, 10

Limitations 19 Discuss limitations of the study, taking into account sources of potential 10
bias or imprecision. Discuss both direction and magnitude of any potential
bias

Interpretation 20 Give a cautious overall interpretation of results considering objectives, 9,10
limitations, multiplicity of analyses, results from similar studies, and other
relevant evidence

Generalisability 21 Discuss the generalisability (external validity) of the study results 9,10

Other information

Funding 22 Give the source of funding and the role of the funders for the present study | 11

and, if applicable, for the original study on which the present article is
based

*Give information separately for exposed and unexposed groups.

Note: An Explanation and Elaboration article discusses each checklist item and gives methodological background and

published examples of transparent reporting. The STROBE checklist is best used in conjunction with this article (freely

available on the Web sites of PLoS Medicine at http://www.plosmedicine.org/, Annals of Internal Medicine at

http://www.annals.org/, and Epidemiology at http://www.epidem.com/). Information on the STROBE Initiative is

available at www.strobe-statement.org.
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ABSTRACT

Objective The prevalence of type 2 diabetes mellitus (T2DM) and hypertension (HTN)
has notably increased in recent years. However, there is little evidence from large-scale
studies assessing the joint effect of T2DM and HTN on the risk of cardiovascular events
in China. This study was performed to investigate the association of T2DM and HTN
with the incidence of combined vascular events (VEs) and stroke in China.

Design A retrospective cohort study.

Setting Data were collected from the SuValue database which includes the electronic
medical records of >90 million patients from 161 hospitals across 18 provinces in China.
Participants Patients aged >18 with a diagnosis of T2DM and/or HTN were included.
Non-T2DM and non-HTN patients were included in this study as controls.

Outcomes Incidence of combined VEs and stroke during the study.

Results In the current study, 8,012 patients with T2DM, 9,653 patients with HTN,
3,592 patients with both T2DM and HTN, and 10,561 patients without T2DM or HTN
were included. T2DM was significantly associated with combined VE and stroke risk
(hazard ratio 1.332, 95% CI 1.134-1.565 and HR 1.584, 95% CI 1.246-2.014,
respectively). HTN was significantly associated with combined VE and stroke risk (HR
3.244, 95% CI 2.946-3.572 and HR 4.543, 95% CI 3.918-5.268, respectively). T2DM
combined with HTN was significantly associated with combined VE and stroke risk
(HR 3.002, 95% CI 2.577-3.497 and HR 4.151, 95% CI 3.346-5.149, respectively).
HTN was associated with a higher combined VE and stroke risk than T2DM (HR 2.435,

95% CI 2.113-2.805 and HR 2.868, 95% CI 2.341-3.513, respectively).
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Conclusion T2DM and HTN were strongly associated with combined VE and stroke

risk; however, the HTN-only group had a higher combined VE and stroke risk than the

T2DM-only group.

Keywords: type 2 diabetes mellitus, hypertension, cardiovascular events, stroke,

vascular events

Strengths and limitations of this study

® This study was designed to analyse the electronic medical records of patients in a
real-world setting.

® (ardiovascular risk factors were collected in this study.

® BMI and lifestyle factors, such as smoking and alcohol consumption, were not
recorded in the electronic medical records of patients.

® Mortality data were not accessible through the electronic medical records of

patients.
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INTRODUCTION

The prevalence of type 2 diabetes mellitus (T2DM) increased to 10.4% in 2013 and
11.2% in 2015 from 0.67% in 1980 in China.! > Hypertension (HTN) is found in over
two-thirds of patients with diabetes.? 4+ The development of HTN coincides with the
development of hyperglycaemia.? Insulin resistance and hyperinsulinaemia might
promote atherogenesis, thereby affecting blood pressure homeostasis.’ ¢

Diabetes has been reported to be a strong risk factor for cardiovascular disease, all-
cause mortality, coronary heart disease, ischemic heart disease and stroke in many
studies.””!! According to the Framingham Heart Study, adults with diabetes had an
absolute 2-fold increased risk of cardiovascular disease compared with subjects without
diabetes.!? The total cardiovascular disease burden in diabetes patients has increased
throughout the past four decades.> A cross-sectional study showed that HTN was
common in patients with newly diagnosed diabetes, and HTN patients had a higher
prevalence of cardiovascular events than normotensive subjects before the diagnosis of
diabetes.!3 Hypertension has also been reported to be one of the strongest risk factors
for cardiovascular disease, including coronary disease, vascular heart disease, and
cerebral stroke.!#?0 Adults with coexistent diabetes and HTN dramatically increased
the risk of cardiovascular disease by two to four times compared to adults without HTN
or diabetes.? Thus, diabetes and HTN are thought to be poor companions, and blood
pressure control is critical in diabetes patients with HTN. In addition, a study
demonstrated that HTN had a stronger association with atherosclerotic cardiovascular

disease than diabetes.?!
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The effects of hypertension and diabetes on the risk of cardiovascular disease have been
investigated in American, Finnish, Japanese and Iranian populations.?!>* However,
there is little evidence from large-scale studies assessing the joint effect of HTN and
diabetes on the risk of cardiovascular events in China. The purpose of the study was to
evaluate the impact of HTN and T2DM on the risk of cardiovascular disease and stroke
in Chinese adults using the SuValue database.

METHODS

Study Design

The SuValue database is a big-data hospital information system (HIS) database that
includes data on >90 million patients from 161 hospitals across 18 provinces in China.?’
This was a retrospective cohort study designed to evaluate the risk of cardiovascular
diseases and stroke in patients with T2DM and/or HTN from 2004 to 2015 in a real-
world Chinese setting. Patients were included if they met the following criteria: (1)
aged >18; (2) newly diagnosed T2DM and/or HTN; (3) had baseline examination
records before or within 3 months at the first diagnosis (details of baseline examination
were described in the Baseline Parameters section); and (4) electronic medical records
(EMRs) could be found one year later after the first diagnosis of T2DM and/or HTN.
Patients were excluded as follows: missing sex information; had been diagnosed with
stroke, myocardial infarction, coronary heart disease, heart failure; had received
coronary artery bypass grafting or percutaneous coronary intervention before the first
diagnosis of T2DM and/or HTN; and had abnormal kidney function (normal range for

serum creatinine: 54-106 pmol/L for men; 44-97 umol/L for women). We also included
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non-T2DM and non-HTN patients who underwent the baseline examination but were
not from the obstetrics and gynaecology department, cancer department, neurology
department or cardiology department. Authorization for the SuValue database was
obtained when the database was set up, so neither ethics review nor written informed
patient consent were needed for this analysis. In addition, all patients' EMRs were
deidentified and anonymized when the SuValue database was constructed.

Baseline Parameters

Sex, age, triglyceride, total cholesterol, high-density lipoprotein cholesterol (HDL-C),
low-density lipoprotein cholesterol (LDL-C), serum creatinine, fasting blood glucose,
serum insulin, proteinuria, and medication (antidiabetics and antihypertensive
medications) at baseline were captured from EMRs before or within 3 months of the
first diagnosis of T2DM and/or HTN.

Outcomes

We examined two outcomes of interest: combined vascular events (VEs) and stroke.
Combined VEs include stroke, myocardial infarction, coronary heart disease, heart
failure and coronary bypass, and percutaneous coronary intervention. The outcomes
were defined as the first event or last record before December 31, 2019 among the
event-free cases according to the diagnosis in the patients’ EMRs.

Statistical Analyses

Categorical variables were described using frequencies and percentages. Continuous
variables were described using the mean (SD) if normally distributed or as the median

interquartile range if not. Baseline characteristics were compared using ANOVA or chi-
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square tests. Kaplan—Meier survival analysis of the incidence of combined VEs and
stroke according to the presence of T2DM and/or HTN was performed. A Cox
proportional hazards model was used to assess the association between diseases and
each outcome, which was adjusted for cardiovascular risk factors, including sex, age,
triglycerides, total cholesterol, HDL-C and LDL-C. Unadjusted, sex- and age-adjusted
and cardiovascular risk factor-adjusted hazard ratios were calculated. A P<0.05 (two-
sided) was considered statistically significant. All statistical analyses were performed
using SAS 9.4 (SAS Institute, Cary, NC, USA).

Public and Patient involvement

Neither patients nor the public were involved in the design, conduct, reporting, or
dissemination plans of this research.

RESULTS

In the current study, 8,012 patients with T2DM-only, 9,653 patients with HTN-only
and 3,592 patients with both T2DM and HTN and 10,561 patients without T2DM or
HTN were selected from the SuValue database. The median follow-up duration was 4.1
(2.4, 4.9) years. The general characteristics of the study population at baseline are
presented in Table 1. Comparing baseline characteristics between the four groups
revealed significant differences, except in total cholesterol (P=0.3506) and serum
insulin (p= 0.6502).

Kaplan—Meier analyses demonstrated increased combined VE and stroke risk in the
HTN group (Fig. 1). In the unadjusted models, compared with non-HTN and non-

T2DM, T2DM had an HR of 1.747 for combined VEs [95% confidence interval (CI)
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1.566-1.949, P<0.0001] and 2.077 for stroke (95% CI 1.755-2.459, P<0.0001). Further

adjustment with age and sex and then with cardiovascular risk factors attenuated the

oNOYTULT D WN =

association of T2DM with combined VE and stroke risk (HR 1.332, 95% CI 1.134-
12 1.565 and HR 1.584, 95% CI 1.246-2.014, respectively; P<0.001, Table 2).

15 Kaplan—Meier analyses demonstrated an increased combined VE and stroke risk in the
HTN group (Fig. 1). The HTN-only group had a more than 6-fold increased risk of
20 combined VE (95% CI 5.712-6.830) and a more than 8-fold increased risk of stroke (95%
CI 7.517-9.934) in unadjusted models (all Ps<0.0001). These associations were
25 attenuated but still significant after adjustment for age and sex and then for other major
28 cardiovascular risk factors for both combined VE and stroke risk (HR 3.244, 95% CI
30 2.946-3.572 and HR 4.543, 95% CI 3.918-5.268, respectively; all Ps<0.0001, Table 2).
33 Kaplan—Meier analyses demonstrated increased combined VE and stroke risk in the
HTN and T2DM groups (Fig. 1). For combined VEs, the HR of the HTN and T2DM
38 group was 4.93 (95% CI 4.93-5.474). The HTN and T2DM groups had an increased
41 risk of stroke to 5.990 (95% CI 5.102-7.032) in the unadjusted models (all Ps<0.0001).
These associations were attenuated but still significant after adjustment for age and sex
46 and then other major cardiovascular risk factors for both combined VE risk and stroke
risk (HR 3.002, 95% CI 2.577-3.497 and HR 4.151, 95% CI 3.346-5.149, respectively;
51 all Ps<0.0001, Table 2).

54 Compared with the HTN-only group, the unadjusted HRs for combined VE risk were
26 0.789 and 0.693 for stroke risk in both the T2DM and HTN groups (all Ps<0.0001).

59 However, after adjustment for major cardiovascular risk factors, there was no

8

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml



oNOYTULT D WN =

BMJ Open

significantly reduced risk for either the T2DM or HTN group compared with the HTN-
only group (Table 3).

In the unadjusted model, the HTN and T2DM group and the HTN-only group had a
higher combined VE and stroke risk than the T2DM-only group. After adjustment for
age and sex and major cardiovascular risk factors, both the HTN and T2DM groups and
the HTN-only group were still significantly associated with combined VE and stroke
risk (Table 4).

DISCUSSION

In the present study, having HTN and/or T2DM was significantly associated with
combined VE and stroke before and after adjustment for major cardiovascular risk
factors compared with the non-T2DM and non-HTN. The association of T2DM with
the risk of both combined VE and stroke attenuated after adjusting for major
cardiovascular risk factors. In addition, the HTN-only group had a higher combined VE
and stroke risk than the T2DM-only group.

To our knowledge, our study is the first to investigate the combined effect of HTN and
T2DM in a large cohort in a real-world setting in Chinese patients. Several studies
investigating the different impacts of HTN and diabetes on cardiovascular disease
incidence and mortality have been conducted in Finland, America and Japan.?!-23 26
HTN and/or T2DM were associated with an increased risk of combined VE and stroke
in this study. The HR for cardiovascular disease was approximately 2 in the T2DM-
only group, which was lower than the 3 reported in the Framingham cohort of 1952-

74.11 Both HTN and T2DM have been shown to be strong risk factors for cardiovascular
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disease mortality.?

In unadjusted analyses and adjustment models for major cardiovascular risk factors, we
observed that patients with both T2DM and HTN showed an increased risk of combined
VE and stroke compared with those with T2DM alone. These results suggest that HTN
confers an enhanced risk of cardiovascular disease. Similarly, the coexistence of HTN
and T2DM conferred an increased risk of cardiovascular disease incidence compared
with T2DM-only.? %’

After adjustment for major cardiovascular risk factors, patients with T2DM and HTN
did not have a significantly increased combined VE and stroke risk compared with
patients with HTN-only. In this study, we included patients with HTN and/or T2DM
who had medication records. Antihypertension treatment, such as angiotensin
converting enzyme inhibitors, calcium-channel blockers, or 8 blockers, has been shown
to reduce the risk of cardiovascular diseases according to several randomized trials and
meta-analysis studies.?® 2° A meta-analysis demonstrated that antihypertensive
treatment decreased the risk of cardiovascular disease and stroke among patients with
a history of cardiovascular disease without HTN.3? Thus, combined T2DM and HTN
did not increase the risk of combined VE and stroke compared with HTN, which may
be due to the antihypertensive treatment in this population.

In addition, we also observed that the HTN-only group was more associated with
combined VE and stroke risk than the T2DM group. The results were similar to a
previous report that HTN alone was more related to all-cause and atherosclerotic

cardiovascular disease than T2DM alone in community-dwelling older adults.?! A
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study performed in older Iranian adults showed that T2DM alone increased the
coronary heart disease incidence, stroke incidence and all-cause mortality compared
with HTN alone.?* Thus, a prospective study is necessary for further analysis.

The current study has several significant strengths. First, this study included a large
number of patients. Second, data about cardiovascular risk factors were collected in this
study. However, there were several limitations in this study. First, BMI and lifestyle
factors, such as smoking and alcohol consumption, were not recorded in the EMRs.
Second, mortality data could not be accessed through the HIS system of hospitals.
CONCLUSIONS

In summary, HTN and/or T2DM was strongly associated with an increased risk of
combined VE and stroke independent of conventional cardiovascular risk factors.
T2DM does not seem to be a risk factor for combined VE and stroke in HTN patients
after adjusting for major cardiovascular risk factors. HTN had a significantly higher
combined VE and stroke risk than T2DM. However, a prospective study investigating
the impact of HTN and/or T2DM on combined VE and stroke risk needs to be

performed.
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Table 1 Baseline characteristics of the included patients.
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Non-T2DM P
HTN-only T2DM-only T2DM and HTN and non-HTN value
Total 9,653 8,012 3,592 10561
Sex
Male 4,419 (45.8%) 4,006 (50.0%) 1,634 (45.5%) 4889 (46.3%) -
Female 5,234 (54.2%) 4,006 (50.0%) 1,958 (54.5%) 5672 (53.7%) -
Age
18-29 (n, %) 79 (0.8%) 204 (2.5%) 31(0.9%) 1372 (13.0%) -
30-39 (n, %) 602 (6.2%) 831 (10.4%) 139 (3.9%) 2439 (23.1%) -
40-49 (n, %) 1,856 (19.2%) 2,323 (29.0%) 553 (15.4%) 3227 (30.6%) -
50-59 (n, %) 1,856 (20.7%) 2,297 (28.7%) 927 (25.8%) 1954 (18.5%) -
60-69 (n, %) 2,552 (26.4%) 1,704 (21.3%) 1,194 (33.2%) 1179 (11.2%) -
70-79 (n, %) 1,715 (17.8%) 556 (6.9%) 573 (16.0%) 336 (3.2%) -
>80 (n, %) 852 (8.8%) 97 (1.2%) 175 (4.9%) 54 (0.5%) -
Triglyceride
(mmol/L) 1.86 (1.54) 2.35(2.55) 2.29 (1.85) 1.71 (1.65) <.0001
Total
cholesterol
(mmol/L) 5.31(1.19) 5.32(1.41) 5.29 (1.28) 5.28 (1.15) 0.3506
HDL-C
(mmol/L) 1.41 (0.41) 1.25 (0.45) 1.26 (0.39) 1.40 (0.39) <.0001
LDL-C
(mmol/L) 3.17 (1.00) 3.07 (1.03) 3.02 (0.98) 3.03 (0.90) <.0001
Serum
creatinine
(nmol/L) 81.11 (39.35)  70.57 (23.94) 84.26 (59.38)  76.78 (20.42) <.0001
HbAlc (%) 5.58 (1.38) 9.41 (3.11) 8.41 (2.63) 573 (1.31) <.0001
Fasting blood-
glucose
(mmol/L) 5.76 (1.28) 11.15 (5.28) 9.88 (5.14) 5.58 (1.13) <.0001
Serum insulin 117.64
(pmol/liter) 95.63 (60.05) (288.36) 78.43 (57.89) 9.98 (3.21) 0.6502
Proteinuria
(positive) 310 (3.2%) 145 (1.8%) 126 (3.5%) 143 (1.4%) <.0001
Diabetes
complications
Diabetic
nephropathy - 450 (5.6%) 446 (12.4%) - -
Diabetic
retinopathy - 313 (3.9%) 159 (4.4%) - -
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Diabetic
neuropathy
Diabetic
lower limb
9 vascular
10 disease - 7 (0.09%) 15 (0.42%)
Diabetic
13 foot - 80 (1.0%) 61 (1.7%)

462 (5.8%) 225 (6.3%)

oNOYTULT D WN =

15 HTN: hypertension; T2DM: type 2 diabetes mellitus; HDL-C: high density lipoprotein
cholesterol; LDL-C: low density lipoprotein cholesterol. For continuous variables, data
20 were presented as mean (SD) and P values for four groups were calculated using
23 ANOVA test. For categorical variables, data were presented as number (frequency) and

25 P values for four groups were calculated using Chi-square test.
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Table 2 Association of type 2 diabetes mellitus (T2DM) and/or hypertension (HTN)

with combined vascular events and stroke compared with the non-T2DM and non-

Page 20 of 25

HTN.
Combined vascular event (VE) Stroke
P
HR (95% CI) Pvalue  HR (95% CI) value
Unadjusted
Non-T2DM and
non-HTN 1 (reference) 1 (reference)
T2DM-only 1.747 (1.566, 1.949) <.0001  2.077 (1.755,2.459) <.0001
HTN-only 6.246 (5.712, 6.830) <.0001 8.642 (7.517,9.934) <.0001
T2DM and HTN 4.930 (4.93, 5.474) <.0001 5.990 (5.102, 7.032) <.0001
Age- and sex-
adjusted
Non-T2DM and
non-HTN 1 (reference) 1 (reference)
T2DM-only 1.258 (1.127, 1.405) <.0001 1.464 (1.235,1.735) <.0001
HTN-only 3.344 (3.046, 3.670) <.0001  4.409 (3.817,5.093) <.0001
T2DM and HTN 2.595(2.329, 2.892) <.0001  3.021(2.561, 3.563) <.0001
Risk factors—
adjusted
Non-T2DM and
non-HTN 1 (reference) 1 (reference)
T2DM-only 1.332 (1.134, 1.565) 0.0005 1.584 (1.246, 2.014) <.0001
HTN-only 3.244 (2.946, 3.572) <.0001  4.543(3.918,5.268) <.0001
T2DM and HTN 3.002 (2.577, 3.497) <.0001  4.151(3.346,5.149) <.0001

CI, confidence interval; VE, combined vascular event; T2DM, type 2 diabetes mellitus;

HR, hazard ratio; HTN, hypertension. Risk factors include age, sex, triglycerides, total

cholesterol, high density lipoprotein cholesterol, low density lipoprotein cholesterol.
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Table 3 Association of type 2 diabetes mellitus (T2DM) and hypertension (HTN)

with combined vascular events and stroke compared with HTN-only.

Combined vascular event (VE) Stroke
HR (95% CI) P value HR (95% CI) P value

Unadjusted

HTN-only 1 (reference) 1 (reference)

T2DM and
HTN 0.789 (0.732, 0.851) <.0001 0.693 (0.624, 0.769) <.0001
Age- and sex-
adjusted

HTN-only 1 (reference) 1 (reference)

T2DM and
HTN 0.776 (0.720, 0.836) <.0001 0.685 (0.617,0.761) <.0001
Risk factors—
adjusted

HTN-only 1 (reference) 1 (reference)

T2DM and
HTN 0.925 (0.814, 1.052) 0.2352 0.914 (0.771, 1.082) 0.2959

CI, confidence interval; VE, combined vascular event; T2DM, type 2 diabetes mellitus;
HR, hazard ratio; HTN, hypertension. Risk factors include age, sex, triglycerides, total

cholesterol, high density lipoprotein cholesterol, low density lipoprotein cholesterol.
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Table 4 Association of type 2 diabetes mellitus (T2DM) and/or hypertension (HTN)

with combined vascular events and stroke compared with T2DM-only.

Page 22 of 25

Combined vascular event (VE) Stroke
P
HR (95% CI) Pvalue  HR (95% CI) value
Unadjusted
T2DM-only 1 (reference) 1 (reference)
HTN-only 3.575 (3.296, 3.877) <0001  4.160 (3.701, 4.675) <.0001
T2DM and
HTN 2.821 (2.558, 3.112) <0001  2.883(2.504,3.321) <.0001
Age- and sex-
adjusted
T2DM-only 1 (reference) 1 (reference)
HTN-only 2.657 (2.447, 2.885) <0001  3.011 (2.676,3.389) <.0001
T2DM and
HTN 2.062 (1.868, 2.276) <0001  2.063 (1.789,2.379) <.0001
Risk factors—
adjusted
T2DM-only 1 (reference) 1 (reference)
HTN-only 2.435 (2.113, 2.805) <0001  2.868 (2.341,3.513) <.0001
T2DM and
HTN 2.253 (1.876, 2.706) <0001  2.620 (2.031, 3.380) <.0001

CI, confidence interval; VE, combined vascular event; T2DM, type 2 diabetes mellitus;

HR, hazard ratio; HTN, hypertension. Risk factors include age, sex, triglycerides, total

cholesterol, high density lipoprotein cholesterol, low density lipoprotein cholesterol.
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Figure legends

Figure 1 Kaplan—Meier survival curve of combined vascular events (A) and stroke (B)

oNOYTULT D WN =

among different groups. HTN: hypertension, T2DM: type 2 diabetes mellitus.
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STROBE Statement—Checklist of items that should be included in reports of cross-sectional studies

Item Page
No Recommendation No
Title and abstract 1 (a) Indicate the study’s design with a commonly used term in the title or 1,2
the abstract
(b) Provide in the abstract an informative and balanced summary of what 2
was done and what was found
Introduction
Background/rationale 2 Explain the scientific background and rationale for the investigation being | 4, 5
reported
Objectives 3 State specific objectives, including any prespecified hypotheses 5
Methods
Study design 4 Present key elements of study design early in the paper 5
Setting Describe the setting, locations, and relevant dates, including periods of 5,6
recruitment, exposure, follow-up, and data collection
Participants 6 (a) Give the eligibility criteria, and the sources and methods of selection of | 5, 6
participants
Variables 7 Clearly define all outcomes, exposures, predictors, potential confounders, | 6
and effect modifiers. Give diagnostic criteria, if applicable
Data sources/ 8* For each variable of interest, give sources of data and details of methods 56
measurement of assessment (measurement). Describe comparability of assessment
methods if there is more than one group
Bias 9 Describe any efforts to address potential sources of bias 5,6
Study size 10 Explain how the study size was arrived at 7
Quantitative variables 11 Explain how quantitative variables were handled in the analyses. If 5,6
applicable, describe which groupings were chosen and why
Statistical methods 12 (a) Describe all statistical methods, including those used to control for 6,7
confounding
(b) Describe any methods used to examine subgroups and interactions NA
(c) Explain how missing data were addressed NA
(d) If applicable, describe analytical methods taking account of sampling NA
strategy
(e) Describe any sensitivity analyses NA
Results
Participants 13*  (a) Report numbers of individuals at each stage of study—eg numbers 7
potentially eligible, examined for eligibility, confirmed eligible, included
in the study, completing follow-up, and analysed
(b) Give reasons for non-participation at each stage NA
(c¢) Consider use of a flow diagram NA
Descriptive data 14*  (a) Give characteristics of study participants (eg demographic, clinical, 7,8
social) and information on exposures and potential confounders
(b) Indicate number of participants with missing data for each variable of | 7, 8
interest
Outcome data 15*%  Report numbers of outcome events or summary measures 7,8
Main results 16 (a) Give unadjusted estimates and, if applicable, confounder-adjusted 7,8

estimates and their precision (eg, 95% confidence interval). Make clear

which confounders were adjusted for and why they were included
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(b) Report category boundaries when continuous variables were 7,8
categorized
(c) If relevant, consider translating estimates of relative risk into absolute | NA
risk for a meaningful time period

Other analyses 17 Report other analyses done—eg analyses of subgroups and interactions, NA
and sensitivity analyses

Discussion

Key results 18 Summarise key results with reference to study objectives 9, 10

Limitations 19 Discuss limitations of the study, taking into account sources of potential 10
bias or imprecision. Discuss both direction and magnitude of any potential
bias

Interpretation 20 Give a cautious overall interpretation of results considering objectives, 9,10
limitations, multiplicity of analyses, results from similar studies, and other
relevant evidence

Generalisability 21 Discuss the generalisability (external validity) of the study results 9,10

Other information

Funding 22 Give the source of funding and the role of the funders for the present study | 11

and, if applicable, for the original study on which the present article is
based

*Give information separately for exposed and unexposed groups.

Note: An Explanation and Elaboration article discusses each checklist item and gives methodological background and

published examples of transparent reporting. The STROBE checklist is best used in conjunction with this article (freely

available on the Web sites of PLoS Medicine at http://www.plosmedicine.org/, Annals of Internal Medicine at

http://www.annals.org/, and Epidemiology at http://www.epidem.com/). Information on the STROBE Initiative is

available at www.strobe-statement.org.
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