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Abstract
Poor adherence to standard protocols of blood pressure (BP) measurement in routine clinical practice leads to higher readings 
than “research-quality” measurements. Whether this phenomenon exists in periodic health examinations was unknown. We 
aimed to explore the concordance between BP measurements in periodic health examinations and those measured following 
a standard measurement protocol. We used data from the Kailuan Study, an ongoing longitudinal cohort study in China, of 
which participants received biennial health examinations in health management centers. In addition, BPs were measured 
following standard protocols in a workplace-based hypertension management program nested in the Kailuan Study. We 
compared BP readings of the same person between the two settings using generalized linear mixed-effects models. A total 
of 3988 men (the mean age was 44.9 years) had at least two BP measurements both in health examinations and management 
program with a time interval between the two settings that less than 90 days. The mean systolic blood pressures (SBP) and 
diastolic blood pressures (DBP) in health examinations were 4.2 (95% CI 3.9–4.5) mm Hg and 3.3 (95% CI 3.1–3.5) mm 
Hg higher than those in the management program, respectively. Bland–Altman analyses showed the wide agreement inter-
vals ranging from − 27.7- to 36.5-mm Hg for SBP and − 18.3- to 24.7-mm Hg for DBP. In conclusion, BP measurements in 
periodic health examinations were generally higher than BPs measured following a standard protocol. Our findings highlight 
the importance of standard BP measurement to avoid overestimation of hypertension prevalence and treatment initiation.
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Introduction

Hypertension is a leading cause of cardiovascular events and 
all-cause mortality (GBD 2019 Risk factors collaborators 
2020; Rapsomaniki et al. 2014). A 20 mm Hg higher systolic Jun-Xiang Chen and Yan-Feng Zhou contributed equally to this 
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blood pressure (SBP) and 10 mm Hg higher diastolic blood 
pressure (DBP) were each associated with a doubling in the 
risk of death from vascular disease (Lewington et al. 2002). 
Periodic health examinations have been an important part 
of medical practice in disease prevention and early detec-
tion since the 1920s (Council on Scientific Affairs 1983; 
Charap 1981; Edie 1925). Blood pressure (BP), a routine 
vital check-up item, is widely measured in periodic health 
examinations for prevention, detection and management of 
hypertension (Liss et al. 2021). However, it is unclear if 
BP measures in periodic health examinations are performed 
according to standard procedure, and the variations of meas-
urement errors are unclear either.

Studies have reported that BP measured in routine clinical 
practice were typically five to 15 mm Hg higher than the BP 
measured in trials of antihypertensive medication, partly due 
to nonadherence to standard protocol for BP measurement in 
clinical practice (Drawz 2017; Drawz et al. 2020). The land-
mark Systolic Blood Pressure Intervention Trial (SPRINT) 
(SPRINT Research Group et al. 2015), which was designed 
to evaluate the effect of intensive SBP treatment to less than 
120 mm Hg on risks of cardiovascular disease (CVD) and 
all-cause mortality, showed that SBP measurements in rou-
tine clinical practice were five to eight mm Hg higher than 
SBP measured in the trial (Drawz et al. 2020). The differ-
ence of BP between trials and clinical practice was part of 
the reasons for the 2017 American College of Cardiology 
(ACC) and American Heart Association (AHA) guideline 
recommendation for SBP target to be less than 130 mm Hg, 
which was 10 mm Hg higher than the intensive target in the 
SPRINT (Whelton et al. 2018).

Similar with routine clinical practice (Drawz and Ix 
2018), there were obstacles (e.g., space, workload, staffing 
inertia) to implement standard protocol for BP measure-
ment in periodic health examinations. However, it remains 
unknown whether BP measurements in health examinations 
were higher than the true level, which may lead to misdiag-
nosis and overtreatment of hypertension. In addition, many 
epidemiological studies measured BPs at baseline in a set-
ting similar to the health examination centers with unknown 
degrees of adherence to the standard protocol (Lewington 
et al. 2002; Rapsomaniki et al. 2014). Hence, the accuracy 
and variability in BP measurements could have a profound 
impact on the estimations of hypertension prevalence or the 
association between hypertension and health outcomes.

The Kailuan Study is an ongoing longitudinal cohort 
study in which participants receive free health examina-
tions every two years since 2006 in hospital-affiliated health 
management centers (HMCs). Additionally, a workplace-
based hypertension management program was initiated 
among male patients with hypertension since 2009, where 
BPs were measured by trained community health workers 
following standard protocol. Therefore, this provides us an 

unprecedented opportunity to examine the concordance of 
BP measures in periodic health examinations (health-exam 
BPs) and the management program (research-quality BPs). 
We hypothesized that health-exam BPs were generally 
higher than research-quality BPs. In addition, we tried to 
explore certain factors (e.g., clinical centers, BP measure-
ment devices, personal characteristics) that might influence 
the variations between health-exam BPs and research-quality 
BPs.

Materials and Methods

Study Design and Participants

The Kailuan Study is a large ongoing longitudinal cohort 
study in Tangshan, China (Wang et  al. 2020; Wu et  al. 
2016), which was based on a functional and comprehen-
sive community owned and managed by the large state-
owned coal energy enterprise, Kailuan Group. In the first 
cycle, between 2006 and 2007 (2006–2007 cycle), a total 
of 101,510 employees of Kailuan Group aged 18 years or 
older were enrolled. The participants were followed up bien-
nially, and 25,337, 10,519, 21,651, and 12,396 employees 
were additionally recruited in the 2008–2009, 2010–2011, 
2012–2013, and 2014–2015 cycles, respectively. At each 
visit, all participants completed questionnaires, laboratory 
tests, and health examinations.

Since 2009, a workplace-based hypertension manage-
ment program was initiated to improve the BP control and 
prevent CVD and other related adverse events, especially 
sudden CVD events during downhole coal working, and in 
male patients with hypertension. The detailed study design 
has been described previously (Zhou et al. 2022). Briefly, 
the following employees were invited to participate in the 
management program: men (aged 18–60 years old) with 
self-reported history of hypertension or current use of anti-
hypertensive medications, or men with BP measurements 
greater than 140/90 mm Hg in at least two separate visits. 
Finally, a total of 8984 men with hypertension joined the 
program between 1 January 2009 and 31 December 2015. 
The hypertension management program was conducted 
in 18 worksites, and employees in those worksites were 
assigned to 10 HMCs for the biennial health examina-
tions. The health professionals and researchers from the 
Department of Cardiology, Kailuan General Hospital and 
the community health workers at each worksite jointly 
initiated and monitored the progress of the program. In 
the program, participants received health education lec-
tures or health promotion activities at least twice a year, 
semimonthly visits and BP measures, free antihyperten-
sive medications, and individualized health consultation. 
Four groups of common antihypertensive medications 
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(nitrendipine & captopril, nitrendipine & antisterone, 
hydrochlorothiazide & captopril, hydrochlorothiazide 
& antisterone) were provided free to participants. Other 
antihypertensive medications were covered by the health 
insurance of the company and medication costs could 
be partly reimbursed. The target of BP was less than 
140/90 mm Hg (Liu 2011).

BP Measurements

In the management program, BPs were measured in the 
worksite community health centers by community health 
workers twice a month using standard measurement proto-
col according to recommendations from the AHA (Whelton 
et al. 2018) and the Chinese Hypertension League (CHL) 
(Liu 2011). However, since the management was voluntary, 
not all patients had their BPs measured twice a month. All 
community health workers were medical school graduates 
and received a four-day interactive training session, on-site 
field testing, and certifications before the management pro-
gram, and they were re-trained every two years. After five 
minutes of rest, at least two BP measurements were taken in 
the right upper arm in a seated position at one to two minutes 
intervals. If the difference between the two measurements 
was greater than five mm Hg (either SBP or DBP), a third 
measurement would be taken. The average values were used 
as the final measurements.

In the biennial health examinations, BPs were measured 
by physicians or nurses who should have followed the same 
BP measurement protocol. However, due to the high work-
load, it was unclear whether they were strictly in compliance 
with the protocol, e.g., five minutes of quiet rest before BP 
measurements, no talking during the recording, ≥ two BP 
readings and one to two minutes of measurement interval.

In the management program, about half worksites used 
calibrated tabletop mercury sphygmomanometers through-
out the management period, while the rest half worksites 
used mercury sphygmomanometers first and then changed 
to electronic devices (HEM-8102A; Omron Co., Ltd., 
Dalian, China) around 2014. Mercury sphygmomanometers 
were used in the biennial health examinations before the 
2014–2015 cycle, and automatic electronic devices (Omron 
HEM-8102A) were used in the 2014–2015 cycle and there-
after. The Omron automatic electronic devices had been cer-
tified by the Association for the Advancement of Medical 
Instrumentation (AAMI) (Takahashi et al. 2015).

To compare health-exam BPs in HMCs and research-
quality BPs in hypertension management program, we 
chose BP readings at each HMC visit, and BP readings in 
the management program which had the smallest time inter-
val compared to each health-exam BPs no matter which one 
occurred first.

Assessment of Other Variables

At each biennial visit to the HMCs, participants completed 
questionnaires, had basic anthropometric measurements 
and donated fasting blood samples. Data on birth date, 
sex, educational level, physical activity, smoking status, 
drinking status, and medical history (diabetes, CVD [coro-
nary artery disease and stroke], and active treatment such 
as antidiabetic medications, etc.) were collected through 
self-reported questionnaires. In addition to BP, height and 
weight were also measured. Body mass index (BMI) was 
calculated as weight (kg)/height2  (m2). Fasting blood glu-
cose (FBG) was measured using the hexokinase/ glucose-
six-phosphate dehydrogenase method (Hitachi 747; Hitachi 
Co., Ltd., Tokyo, Japan) with an upper limit of detection 
of 30.07 mmol/L (Jin et al. 2017). Diabetes was defined as 
either FBG ≥ 7.0 mmol/L, self-report of a physician diag-
nosis, or self-report use of antidiabetic medication. Urine 
protein was measured by a semi-quantitative dipstick test 
(N-600, Dirui Industrial Co., Ltd., Changchun, China), and 
positive proteinuria was defined as urine protein concen-
trations ≥ 30 mg/dL. Creatinine was measured by auto-ana-
lyzer (Hitachi 747; Hitachi Co., Ltd., Tokyo, Japan), and 
estimated glomerular filtration rate (eGFR) was calculated 
using the Chronic Kidney Disease Epidemiology Collabo-
ration creatinine formula (Levey et  al. 2009). Impaired 
renal function was defined as either positive proteinuria or 
eGFR < 60 mL/(min·1.73  m2) (Levey et al. 2009). Histories 
on CVD and cancer diagnoses were obtained via linkage 
with the Municipal Social Insurance Institution and Hospi-
tal Discharge Register and self-reported medical history in 
questionnaires.

Statistical Analysis

We restricted our main analyses to participants who had at 
least two health-exam BPs and research-quality BPs with 
time interval between two settings less than 90 days. The 
baseline characteristics of those included and excluded from 
the analyses were described using mean and standard devia-
tion (SD) for continuous variables and using number and 
percentage (%) for categorical variables. Student t test was 
used for comparison of continuous variables and Pearson χ2 
test was used for comparison of categorical variables.

We used generalized linear mixed-effects models to 
examine the difference between health-exam BPs and 
research-quality BPs with random effects for participants 
and HMC sites. Interaction term between setting of BP 
measures (health-exam BPs or research-quality BP) and 
time since management was included in all models. Strati-
fied analyses were conducted by age, BMI, educational level, 
physical activity, smoking status, drinking status, diabetes, 
CVD, cancer, impaired renal function, time interval of 
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health-exam and research-quality BPs, order of health-exam 
and research-quality BPs, antihypertensive drugs, type of 
sphygmomanometer, and HMC sites. To further identify fac-
tors associated with difference between health-exam BPs 
and research-quality BPs, a generalized estimating equation 
model, accounting for clustering of multiple BP measure-
ments of the same person, was conducted on those strati-
fied factors showing significant interaction with setting of 
BP measures (p for interaction < 0.05). In the generalized 
estimating equation model, BP difference (a binary variable 
of BP difference > mean difference or not) was used as an 
independent variable, and those stratified factors showing 
significant interaction with setting of BP measures were 
treated as dependent variables and included in the model 
simultaneously. Finally, the Bland–Altman methods were 
used to estimate the agreement between health-exam BPs 
in HMCs and research-quality BPs in management program 
(Bland and Altman 1999).

We also conducted several sensitivity analyses: (1) 
changing inclusion criteria of time interval of health-exam 
and research-quality BPs to less than one, seven, 30, and 
180 days, instead of 90 days in the main analysis; (2) includ-
ing those with only one health-exam BP and research-quality 
BP record under the time interval inclusion criterion; (3) 
comparing health-exam BPs with the mean value of those 
research-quality BPs that had a time interval compared 
to the health-exam BPs less than 90 days, rather than the 
one had the smallest time interval in the main analysis. (4) 
Excluding those zero end-digit BP records, which is a com-
mon phenomenon when using mercury device even under 

a standardized measurement protocol (Broad et al. 2007; 
Kim et al. 2007).

All analyses were performed using SAS 9.4 (SAS Insti-
tute, Cary, NC), and a two-sided p < 0.05 was considered as 
statistically significant.

Results

Among the 8984 male participants, those with missing 
blood pressure at baseline (n = 1270) and with follow-up 
duration less than two years (n = 1314) were excluded in 
our analysis. Of the remaining 6400 participants, 3988 were 
included in the main analyses that had at least two BPs in 
different settings with a time interval of less than 90 days 
(Fig. 1). The mean values of baseline age, SBP, and DBP 
were 44.9 years (SD = 5.9), 142.9 mm Hg (SD = 15.6), and 
96.0 mm Hg (SD = 10.1), respectively (Table 1). Compared 
with those that were excluded from the main analyses, par-
ticipants included in the analyses had slightly higher SBP 
and DBP; comparisons of other baseline characters are given 
in Supplementary Table S1. 

During a median of 5.2 years of follow-up, each partici-
pant had two to four health-exam BPs and research-quality 
BPs to compare. The mean health-exam SBP (139.9 mm 
Hg) was 4.2 (95% CI 3.9–4.5) mm Hg higher compared 
with the mean research-quality SBP in hypertension man-
agement program (135.7-mm Hg) (Fig. 2; Table 2). The 
mean difference of DBP was 3.3 (95% CI 3.1–3.5) mm Hg, 
with a mean health-exam DBP of 90.0 mm Hg and a mean 

Fig. 1  Flow chart of matching 
research-quality blood pressure 
(BP) records in the workplace-
based hypertension manage-
ment program and BPs of the 
same person in the biennial 
health examinations
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research-quality DBP of 86.8 mm Hg (Fig. 2; Table 2). 
Significant interactions were found across BMI categories, 
physical activity levels, history of diabetes, time interval of 
health-exam and research-quality BPs, type of sphygmoma-
nometer and HMC sites for both SBP and DBP readings, 
with additional significant interaction across age groups for 
SBP only and across drink status and antihypertensive drugs 
for DBP only (all p for interaction < 0.05, Table 2). Larger 
differences of both SBP and DBP between the two settings 
were found among individuals with physical inactivity, and 
among measurements with time interval between the two 
settings less than 10 days. Compared with using electronic 
devices in both settings, using mercury sphygmomanometers 
in both setting also had larger differences of both SBP and 
DBP. Additionally, larger differences of SBP were found 
for subgroups of age of 50 to 60, BMI in the normal weight 
range (18.5–23.9 kg/m2), and patients with diabetes; larger 
differences of DBP were found for subgroups of BMI in 
obesity range (≥ 28 kg/m2), current drinker, those without 
diabetes, and those with drug use of hydrochlorothiazide 
& antisterone. Further, in the generalized estimating equa-
tions model included all abovementioned stratified factors, 
the odds ratios (ORs) for higher SBP difference were still 
significant in subgroups of age, BMI, physical activity, time 
interval of the two BP measurements, and types of sphyg-
momanometer (Supplementary Figure S1). Significant ORs 
for higher DBP difference were found in subgroups of types 
of sphygmomanometer (Supplementary Figure S1). 

Table 1  Baseline characteristics of the participants included in the 
main analyses

BMI body mass index, CVD cardiovascular disease, DBP diastolic 
blood pressure, DM diabetes, SBP systolic blood pressure
a Being physically active was defined as moderate or vigorous physi-
cal activity for ≥ 80 min per week
b Impaired renal function was defined as the presence of albuminuria 
or estimated glomerular filtration rate < 60 (ml/min/1.73  m2)

Characteristics N = 3988

Age, mean (SD), years 44.9 (5.9)
Male, n (%) 3988 (100)
BMI, mean (SD), kg/m2 26.2 (3.4)
SBP, mean (SD), mm Hg 142.9 (15.6)
DBP, mean (SD), mm Hg 96.0 (10.1)
Education, n (%)
  ≤ Middle school 3305 (82.9)
 High school 570 (14.3)
  ≥ College 113 (2.8)

Physically active, n (%)a 346 (8.7)
Current smoker, n (%) 2,372 (59.5)
Current drinker, n (%) 2,533 (63.5)
CVD, n (%) 64 (1.6)
DM, n (%) 470 (11.8)
Cancer, n (%) 7 (0.2)
Impaired renal function, n (%)b 558 (14.0)

Fig. 2  Difference between 
health-exam blood pressure 
(BP) and research-quality BP. a 
systolic blood pressure (SBP); b 
diastolic blood pressure (DBP). 
Generalized linear mixed effect 
model was used to examine the 
difference between health-exam 
BP and research-quality BP of 
the same person with random 
effects for participants and 
HMC sites. Interaction term 
between source (health-exam or 
research-quality) and time since 
management was included in 
models
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Table 2  Differences between health-exam BPs and research-quality BPs of subgroups

Characteristics Mean SBP, mm Hg Mean difference 
(95% CI)

p for inter-
action

Mean DBP, mm Hg Mean differ-
ence (95% CI)

p for interaction

Health-exam Research-
quality

Health-
exam

Research-
quality

Overall 139.9 135.7 4.2 (3.9, 4.5) 90.0 86.8 3.3 (3.1, 3.5)
Age, years  < 0.001 0.64
 18–39 136.9 134.9 2.0 (0.9, 3.2) 89.8 86.4 3.5 (2.7, 4.2)
 40–49 139.2 135.2 4.0 (3.5, 4.5) 90.4 87.0 3.4 (3.0, 3.7)
 50–60 140.9 136.2 4.8 (4.3, 5.2) 89.8 86.6 3.2 (2.8, 3.5)

BMI, kg/m2 0.03 0.001
 18.5–23.9 138.9 134.1 4.8 (4.2, 5.5) 88.9 86.1 2.8 (2.4, 3.2)
 24–27.9 139.9 135.6 4.3 (3.8, 4.8) 90.0 86.8 3.2 (2.9, 3.5)

  ≥ 28 140.8 137.3 3.5 (2.9, 4.2) 91.4 87.5 3.9 (3.5, 4.4)
Educational level 0.16 0.10
 ≤ Middle school 139.8 135.6 4.3 (4.0, 4.7) 89.9 86.7 3.2 (3.0, 3.4)
 > Middle school 140.1 136.5 3.7 (2.9, 4.5) 90.9 87.2 3.7 (3.2, 4.2)
Physically  activea 0.005 0.002
 Yes 140.1 137.0 3.1 (2.3, 4.0) 90.1 87.8 2.3 (1.7, 2.9)
 No 139.6 135.1 4.5 (4.1, 4.9) 90.0 86.6 3.3 (3.1, 3.6)

Current smoker 0.96 0.06
 Yes 140.4 136.3 4.2 (3.7, 4.7) 90.2 87.3 3.0 (2.7, 3.3)
 No 139.2 135.0 4.2 (3.7, 4.7) 89.8 86.4 3.4 (3.1, 3.7)

Current drinker 0.29  < 0.001
 Yes 140.9 136.8 4.0 (3.6, 4.5) 91.0 87.3 3.7 (3.4, 4.1)
 No 138.9 134.5 4.4 (3.9, 4.9) 89.1 86.2 2.8 (2.5, 3.1)

CVD 0.40 0.83
 Yes 140.7 137.3 3.5 (1.6, 5.3) 90.7 87.5 3.2 (2.0, 4.4)
 No 139.9 135.6 4.2 (3.9, 4.6) 90.0 86.7 3.3 (3.1, 3.5)

DM 0.01 0.04
 Yes 141.6 136.5 5.0 (4.3, 5.8) 89.9 87.1 2.8 (2.4, 3.3)
 No 139.4 135.4 4.0 (3.6, 4.4) 90.1 86.7 3.4 (3.2, 3.7)

Cancer 0.40 0.71
 Yes 138.9 136.8 2.1 (− 3.2, 7.3) 90.2 86.3 3.9 (0.4, 7.4)
 No 139.9 135.7 4.2 (3.9, 4.6) 90.1 86.8 3.3 (3.0, 3.5)

Impaired renal 
 functionb

0.42 0.12

 Yes 140.8 136.1 4.7 (3.5, 5.9) 90.9 87.0 3.9 (3.1, 4.7)
 No 139.8 135.7 4.2 (3.8, 4.5) 90.0 86.8 3.2 (3.0, 3.5)

Time interval of 
health-exam and 
research-quality 
BPs

 < 0.001 0.01

 < 10 days 139.7 135.1 4.6 (4.2, 5.0) 90.0 86.5 3.5 (3.2, 3.7)
 10 to < 20 days 140.1 137.1 3.0 (1.6, 4.4) 89.6 87.1 2.5 (1.6, 3.5)

 ≥ 20 days 140.8 138.4 2.3 (1.4, 3.2) 90.7 88.1 2.6 (2.0, 3.2)
Order of health-

exam and research-
quality BPs

0.46 0.67

 Health-exam 
before research-
quality BPs

139.5 135.4 4.1 (3.6, 4.6) 90.1 86.7 3.3 (3.0, 3.7)
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The Bland–Altman plot showed a low agreement between 
health-exam BPs and research-quality BPs, with wide 
agreement intervals ranging from − 27.7 to 36.5 mm Hg for 
SBP readings and − 18.3 to 24.7 mm Hg for DBP readings 

(Fig. 3). Despite the generally significant higher levels of 
mean health-exam BPs than research-quality BPs across sub-
groups, 36.5% (3528 out of 9666) health-exam SBP meas-
urements and 34.7% (3355 out of 9666) health-exam DBP 

BMI body mass index, BP blood pressure, CVD cardiovascular disease, DBP diastolic blood pressure, DM diabetes, HMCs health management 
centers, SBP systolic blood pressure
a Being physically active was defined as moderate or vigorous physical activity for ≥ 80 min per week
b Impaired renal function was defined as the presence of albuminuria or estimated glomerular filtration rate < 60 (ml/min/1.73  m2)

Table 2  (continued)

Characteristics Mean SBP, mm Hg Mean difference 
(95% CI)

p for inter-
action

Mean DBP, mm Hg Mean differ-
ence (95% CI)

p for interaction

Health-exam Research-
quality

Health-
exam

Research-
quality

 Health-exam after 
research-quality 
BPs

140.1 135.8 4.3 (3.9, 4.8) 90.0 86.8 3.2 (2.9, 3.5)

Use of antihyperten-
sive drugs

0.07  < 0.001

 None 140.4 135.9 4.5 (3.9, 5.0) 90.3 87.1 3.2 (2.9, 3.6)
 Nitrendipine & 

captoril
139.3 135.3 4.0 (3.4, 4.7) 89.9 86.3 3.6 (3.2, 4.0)

 Nitrendipine & 
antisterone

138.5 136.1 2.4 (0.8, 4.0) 90.4 86.4 4.1 (3.0, 5.1)

 Hydrochlorothi-
azide & captoril

139.1 135.7 3.3 (2.0, 4.7) 90.4 86.3 4.0 (3.1, 4.9)

 Hydrochlorothi-
azide & antis-
terone

138.5 134.9 3.6 (2.1, 5.1) 90.0 85.7 4.3 (3.3, 5.2)

 Self-administration 140.6 135.8 4.7 (4.0, 5.5) 89.6 87.3 2.3 (1.8, 2.8)
Type of sphyg-

momanometer
 < 0.001  < 0.001

 Mercury vs mer-
cury

138.3 134.1 4.2 (3.6, 4.8) 90.7 86.9 3.8 (3.4, 4.2)

 Electronic vs 
electronic

142.8 140.6 2.1 (1.0, 3.2) 90.7 87.1 3.6 (2.8, 4.3)

 Mercury vs elec-
tronic

138.1 138.9 − 0.9 (− 2.1, 0.4) 92.0 87.7 4.3 (3.5, 5.1)

 Electronic vs 
mercury

141.0 134.5 6.5 (5.7, 7.4) 87.8 85.6 2.2 (1.7, 2.8)

HMC sites  < 0.001  < 0.001
 One 140.4 139.7 0.7 (− 0.1, 1.5) 91.5 87.1 4.3 (3.8, 4.9)
 Two 139.9 135.8 4.1 (3.1, 5.2) 91.3 88.2 3.1 (2.4, 3.8)
 Three 143.3 134.3 9.1 (5.6, 12.5) 95.8 84.8 11.0 (8.7, 13.2)
 Four 137.9 135.4 2.5 (1.8, 3.2) 87.3 86.6 0.7 (0.2, 1.1)
 Five 145.2 136.5 8.7 (7.2, 10.2) 93.9 87.4 6.5 (5.5, 7.5)
 Six 147.2 142.6 4.6 (0.2, 8.9) 91.7 89.8 1.9 (-1.0, 4.8)
 Seven 144.4 138.0 6.3 (5.2, 7.4) 92.3 90.1 2.0 (1.5, 3.0)
 Eight 148.2 140.8 7.4 (3.1, 11.7) 97.1 91.0 6.1 (3.3, 9.0)
 Nine 135.8 127.5 8.3 (7.5, 9.0) 87.3 81.9 5.4 (4.8, 5.9)
 Ten 143.8 143.3 0.6 (− 1.0, 2.1) 94.7 92.1 2.7 (1.7, 3.7)
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measurements were lower than the corresponding research-
quality BP readings. Due to zero end-digit preference in BP 
measurements using mercury sphygmomanometer, there is 
a lattice-like distribution in the Bland–Altman plot (Fig. 3).

Similar results were obtained in the various sensitivity 
analyses, such as changing the inclusion criteria of time 
interval between health-exam and research-quality BPs of 
90 days into one day, seven days, 30 days, and 180 days, 
excluding those zero end-digit BP records, or using the 
mean value of those research-quality BPs that had a time 

interval compared to the health-exam BPs less than 90 days 
(Table 3).

Discussion

In this study comparing BP measurements in periodic 
health examinations in HMCs with the BPs measured 
using standard protocol in a hypertension management 
program, we found that SBP and DBP measured in health 
examinations were on average, 4.2 mm Hg and 3.2 mm 

Fig. 3  Bland–Altman plot 
comparing health-exam blood 
pressure (BP) with research-
quality BP. a systolic blood 
pressure (SBP); b diastolic 
blood pressure (DBP). Dashed 
lines indicate 95% limits of 
agreement; solid lines indicate 
mean SBP or DBP difference
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Hg higher than those measured using standard protocol, 
respectively. Notably, higher mean differences of SBP 
were observed among individuals who were older, with 
lower BMI and physically inactive. The mean difference of 
both SBP and DBP also displayed a substantial variability 
across different HMC sites and types of sphygmomanom-
eter. Furthermore, there was a low agreement between 
health-exam BP measurements and research-quality BP 
measurements in management program.

To our best knowledge, this is the first study to compare 
the BP measurements in periodic health examinations with 
research-quality measurements. Prior studies have demon-
strated that BPs measured in routine clinical practice were 
typically five to 15 mm Hg higher than the corresponding 
BP measured using standard protocol (Bhatt et al. 2016; 
Drawz 2017; Drawz et al. 2020; Graves et al. 2003; Head 
et al. 2010; Minor et al. 2012; Ray et al. 2012). There are 
some similar obstacles between BP measurements in clinical 
practices and health examinations (Drawz and Ix 2018), e.g., 
space, workload, staffing inertia. Therefore, our results are 
in line with previous studies, and showed higher BP values 
in health examinations than values measured using standard 
protocol. We also found the variability across different sites 
and low agreement at individual level, which is also consist-
ent with previous evidence regarding concordance between 
BP measurements in routine clinical practice and interven-
tion trial (Drawz et al. 2020).

The inconsistent use of standard BP measurement proto-
col in health examinations and widely acknowledged “white 
coat effect” are likely the underlying explanations of the 
differences between health-exam BPs and research-quality 
BPs (Drawz 2017). Due to the implacable time requirement 
of standard BP measurement protocol (Whelton et al. 2018), 
multiple health check-up items and large number of exami-
nees during the examination visits, it is common that BPs are 
measured in a less strict matter in periodic health examina-
tions. For example, patients may not have three- to five-min 
rest before BP measurements, or they may even talk dur-
ing the measurements. While in the management program, 
guidelines could be better followed. The researchers in the 
management program are trained to monitor BPs under the 
guidelines strictly and to provide educational counseling to 
the patients based on the BP values. In addition, workload 
for health workers is generally low in management program 
than that in health examination. Besides, patients were 
familiar with the observers by frequent contacts and were 
accustomed to the continual BP measurement in the manage-
ment program, thus the “white coat effect” in the manage-
ment program could be less evident.

In addition, we further explored the potential factors 
that affected the difference between health-exam BPs and 
research-quality BPs. The mean differences of BP varied 
by HMC sites, which might due to the variable compliance 
to protocol in different sites. Greater difference was found 

Table 3  Sensitivity analysis of difference between health-exam blood pressure (BP) and research-quality BP

BP blood pressure, DBP diastolic blood pressure, HMCs health management centers, SBP systolic blood pressure

Mean SBP, mm Hg Mean differ-
ence (95% 
CI)

Mean DBP, mm Hg Mean differ-
ence (95% 
CI)Health-exam Research-quality Health-exam Research-

quality

Excluding zero end digit BP records 140.9 137.0 3.9 (3.4, 4.3) 90.0 87.1 2.8 (2.5, 3.1)
At least one matched BPs with time interval less than 

180 days
140.7 135.4 5.3 (5.0, 5.5) 89.9 86.5 3.4 (3.2, 3.6)

At least two matched BPs with time interval less than 
180 days

140.7 135.4 5.4 (5.1, 5.7) 90.0 86.5 3.5 (3.3, 3.7)

At least one matched BPs with time interval less than 
90 days

139.8 135.4 4.4 (4.1, 4.7) 89.7 86.6 3.0 (2.8, 3.2)

At least one matched BPs with time interval less than 
30 days

139.9 135.1 4.8 (4.5, 5.1) 89.6 86.5 3.1 (2.9, 3.3)

At least two matched BPs with time interval less than 
30 days

139.9 135.3 4.7 (4.3, 5.0) 89.9 86.5 3.4 (3.2, 3.7)

At least one matched BPs with time interval less than 
seven days

139.9 135.0 4.9 (4.6, 5.3) 89.6 86.5 3.2 (2.9, 3.4)

At least two matched BPs with time interval less than 
seven days

139.7 134.6 5.1 (4.6, 5.5) 89.7 86.1 3.6 (3.3, 3.9)

At least one matched BPs on the same day 139.0 134.2 4.8 (4.0, 5.5) 89.0 86.0 2.9 (2.4, 3.4)
At least two matched BPs on the same day 139.5 134.0 5.5 (3.7, 7.2) 88.9 85.8 3.1 (1.9, 4.3)
Comparing health-exam BPs with mean value of 

research-quality BPs with time interval less than 
90 days

139.9 135.6 4.3 (4.0, 4.6) 90.1 86.7 3.3 (3.1, 3.5)
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when using mercury sphygmomanometers compared with 
electronic devices with the same settings, which indicated 
that manual device used in health examination might bring 
larger incompliance to guideline than automated device. 
Several individual characteristics, e.g., age, BMI, and 
physical activity, were also found to contribute to the differ-
ence between health-exam BPs and research-quality BPs. 
Besides, although we demonstrated that the mean level of 
health-exam BPs was higher than research-quality BPs, a 
considerable proportion of health-exam BPs (36.4% of SBP 
and 34.8% of DBP) were still lower than research-quality BP. 
Within-person variability and variability in BP measurement 
practices are the potential reasons. Taken together, it is thus 
inappropriate to apply one common correction factor (e.g., 
minus five mm Hg) to directly translate the BPs measured 
at health examinations into BP readings of standard quality 
at the individual level. At the population level, a correc-
tion factor might be used to help estimate the prevalence of 
hypertension, but the results should still be interpreted with 
caution given that the differences between health-exam BPs 
and research-quality BPs varied widely across several fac-
tors (sites, devices, personal characteristics, etc.). Therefore, 
the quality of BP measurement in health examinations and 
clinical practices should be substantially improved to guide 
the appropriate management of hypertension. In addition, 
out-of-office BP monitoring (i.e., home BP measurement or 
24-h ambulatory BP monitoring) could be considered in the 
management of hypertension, which has also been recom-
mended in recent guidelines (Muntner et al. 2019; Siu 2015; 
Whelton et al. 2018).

Our study also has an implication in understanding the 
results from other epidemiological studies (Lewington et al. 
2002), where a single BP measurement was performed with 
unknown degrees of adherence to standard measurement 
protocol. In these studies, it is highly likely to give an over-
estimate of hypertension prevalence and an imprecise esti-
mate of the association between hypertension and health 
outcomes. Therefore, a high degree of adherence to stand-
ard measurement protocol is also needed in epidemiological 
studies.

The strengths of the current study included its large sam-
ple size, multiple centers, and repeated measures of BP. 
Moreover, this is the first study to estimate the difference 
between health-exam BPs and research-quality BPs. Our 
study also has several limitations. First, we only included 
males in our research. In prior study (Drawz et al. 2020), 
the difference between routine clinical BP and well-meas-
ured BP was greater in women than men. Second, we did 
not measure the adherence rate of BP measurements using 
standard protocol in the management program although the 
field researchers were instructed to follow the guidelines. 
Third, the time interval of health-exam BPs in HMCs and 
research-quality BPs in management program varied in our 

main analysis (up to 90 days), and there was significant inter-
action with the time interval. However, sensitivity analyses 
using different time intervals revealed similar results, indi-
cating the robustness of our findings. Finally, the generaliza-
bility of our findings to other populations remains unknown, 
and more studies on this topic should be conducted.

Conclusion

In conclusion, BP measurements in periodic health exami-
nations were generally higher than BP measurements using 
standard protocol with a high degree of heterogeneity. Our 
study highlights the importance of proper BP measurements 
in periodic health examinations to avoid over-estimation of 
hypertension prevalence and over-treatment for those who 
are misclassified as hypertension.
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