
Received: 3 February 2022 Revised: 31March 2022 Accepted: 7 April 2022

DOI: 10.1111/jch.14487

META -ANA LY S I S

Differences of blood pressuremeasured at clinic versus at
home in themorning and in the evening in Europe and Asia: A
systematic review andmeta-analysis

HuanhuanMiaoMM Shijie YangMM Yuqing ZhangMD, PhD

Department of Cardiology, FuWai Hospital,

Chinese Academy ofMedical Sciences and

Peking UnionMedical College, Beijing, China

Correspondence

Yuqing Zhang,MD, PhD, Department of

Cardiology, FuWai Hospital, Chinese Academy

ofMedical Sciences and Peking UnionMedical

College, 167, Beilishilu, Beijing 100037, China.

Email: yqzhang99@yahoo.com

Abstract

Numerous studies have indicated that there might be great differences among differ-

ent populations in Europe and Asia in terms of homemorning and evening blood pres-

sure (BP). Thus, the authors performed a systematic review to determine the quanti-

tative differences of BP measured at clinic versus at home in the morning and in the

evening in Europe andAsia. PubMed, Embase, and Scopus databaseswere searched up

to October 2021. Studies that compared clinic BP with home morning and (or) home

evening BP in European and Asian populations were included. A random effect model

was applied to pool the differences between clinic BP and home morning/evening BP.

Thirty-five studies, for a total of 49 432 patients, were included in this meta-analysis.

Mean clinic systolic blood pressure (SBP) values were significantly higher than home

morning SBP values by 3.79 mmHg (95% CI, 2.77–4.80). The differences were much

larger in Europe [(6.53 mmHg (95% CI, 4.10–8.97)] than in Asia [(2.70 mmHg (95% CI,

1.74–3.66)], and the region was a significant predictor for the differences. Mean clinic

SBP valueswere also significantly higher than home evening SBP values by 6.59mmHg

(95% CI, 4.98–8.21). The differences were much smaller in Europe [5.85 mmHg (95%

CI, 3.24–8.45)] than in Asia [7.13mmHg (95%CI, 4.92–9.35)], while age and clinic SBP

might contribute to it. Our findings showed that the difference between clinic and

home morning SBP was much larger in European than Asian populations, whereas the

difference between clinic and home evening SBP was the opposite. The differing char-

acteristics of the region, ethnic, age, and clinic BPmight explain the diversities.
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1 INTRODUCTION

Home blood pressure (BP) measurement, as one of the out-of-office

blood pressure measurement techniques, is currently recommended

by most hypertension guidelines and is widely used around the

world.1,2 Unlike clinic BP, home BP provides additional information

about time, which incorporates both morning and evening measure-

ments. There are many potential factors affecting home morning and

evening BP, such as gender, alcohol consumption, cardiovascular dis-

ease (CVD), sleep disorders, and use of antihypertensivemedication.3

However, clinic BP is the golden standard for the diagnosis andman-

agement of hypertension.1,2 As many studies and researches about

hypertension are based on clinic BP, it is still the most widely used rou-

tine BP measurement technique. It is universally acknowledged that

clinic BP values are always higher than corresponding home BP val-

ues, which might be largely due to the alerting reaction and white coat

effect.4 In fact, multiple factors were reported to be associated with

the differences between clinic BP and home BP, like age, gender, clinic

BP value, and anti-hypertensive treatment.4

Several hypertension guidelines in Europe and Asia have recom-

mended 135/85 mmHg as the diagnostic threshold for hypertension

whenusinghomeBPmonitoring,1,2 but theevidence that they included

was mainly 10 or even 20 years ago.5 With the development of society

and changes in lifestyle, more updated evidence has been cumulated,

which provokes the discussion about whether the threshold is appro-

priate currently. Several studies conducted in Europe have presented

that homemorningBP levelswere almost comparable to those of home

evening BP.6–8 Conversely, in the studies conducted in Asia, home

morning BP values were always higher than home evening BP,9–11

which indicated that there might be great differences among different

populations in Europe and Asia in terms of home morning and evening

BP. It could be attributable to pathophysiologic mechanisms including

discrepancies in salt sensitivity and activity of the sympathetic nervous

systemaswell as differences in lifestyle.12,13 Considering that thediag-

nostic threshold for hypertension by home BP monitoring is the same

in Europe and Asia, we proposed the hypothesis that there might be

differences between Europe and Asia while comparing clinic BP with

homemorning BP as well as home evening BP.

Therefore, we performed the systematic review to determine the

quantitative differences of BPmeasured at clinic versus at home in the

morning and in the evening in Europe and Asia.

2 METHODS

2.1 Search strategy

Asystematic literature searchwas conducted to identify relevant stud-

ies in the PubMed, Embase, and Scopus databases up toOctober 2021.

Only studies with the English language were included. The specific

keywords and search strategies were presented in the Supplementary

Appendix. In addition, we also checked the reference lists of included

studies to identify relevant studies.

2.2 Selection of studies

Two reviewers (Huanhuan Miao and Shijie Yang) assessed the eligi-

bility of studies by screening the title, abstract and even full text of

them independently, and the disagreements were settled through dis-

cussion. Studieswere considered for inclusion if theymet the following

criteria: (1) including a comparison between clinic BP and home morn-

ing BP, and(or) a comparison between clinic BP and home evening BP at

a single time point; (2) themean values and standard deviations (SD) of

clinic BP and corresponding home morning BP and(or) home evening

BP were reported respectively; (3) participants aged ≥18 years; (4)

European or Asian populations. In addition, the studies were excluded

if they met any of the following criteria: (1) incomplete reporting data;

(2) unpublishedor conferencedata; (3) participantswhowerepregnant

or had atrial fibrillation.

2.3 Data extraction and collection

After identifying relevant articles, two reviewers (Huanhuan Miao

and Shijie Yang) extracted the data independently and the disagree-

ments were resolved through discussion. The following data were

extracted: study characteristics (authors, year of publication, jour-

nal, country/region, study design), baseline information of participants

(sample size, mean age, gender, hypertensive status, antihypertensive

treatment, diabetes, and CVD comorbidities), BPmeasurement (meth-

ods and devices of BP measurement both at clinic and at home), mean

values and SD of clinic and homemorning/evening BPmeasurement.

2.4 Quality assessment

Two reviewers (Huanhuan Miao and Shijie Yang) independently evalu-

ated the quality of included studies using Quality Assessment of Diag-

nostic Accuracy Studies 2 (QUADAS-2).14 The method assessed the

risk of bias of included studies in 4 main domains (i.e., selection of

patients, index test, reference standard, flow and timing) and assessed

the applicability of studies in three domains (i.e., selection of patients,

index test, and reference standard).14

2.5 Statistical analysis

Continuous variables were presented as mean ± SD, and the categor-

ical variables were presented as proportions. We separately analyzed

the differences between: 1) clinic systolic blood pressure (SBP) and

home morning SBP; 2) clinic SBP and home evening SBP; 3) clinic

diastolic blood pressure (DBP) and home morning DBP; 4) clinic DBP

and home evening DBP in Europe and Asia. A random-effect model

was used and the results were reported as mean differences (MDs)

of BP values. Heterogeneity was estimated by a Q test (p < 0.1) and

I2 statistic, with I2 values of 25%, 50%, and 75% representing mild,

moderate and severe heterogeneity, respectively. We performed
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F IGURE 1 Flow chart of the study selection

a meta-regression analysis to explore whether potential variables

(region, mean age, gender, mean BP values, proportion of hyper-

tension, proportion of antihypertensive treatment, and proportion

of diabetes) were associated with the outcome. Besides, we also

performed a subgroup analysis by the mean levels of clinic BP. In

addition, sensitivity analyses were conducted to explore the influence

of individual studies on the outcome by omitting each study in turn.

Further sensitivity analyses were conducted with studies that focused

on hypertensive populations or performed home BP measurement at

least twice each time and on at least 3 consecutive days. Publication

bias was presented by Begg’s funnel plot and then examined by Begg’s

test and Egger’s test, with p values < 0.05 representing significant

publication bias. All statistical analyses were performed using Stata

12 (StataCorp, College Station, Texas) and Revman 5 (The Cochrane

Collaboration, The Nordic Cochrane Centre, Copenhagen, Denmark).

3 RESULT

3.1 Study selection and characteristics

A total of 4063 records was identified through our searching strat-

egy from PubMed, Embase, and Scopus databases (Figure 1). After

the removal of 1367 duplicates, 1685 studies were excluded by title

screening and 812 studies were further excluded by abstract screen-

ing. Two records were added from reference lists of included studies.

A total of 201 studies were eligible for full-text screening and 166 arti-

cles were excluded at this stage for following reasons: neither morn-

ing nor evening home BP values were included (n = 66); conference

data (n = 53); neither Asia nor Europe regions (n = 22); missing data

(n = 22); clinic and home BP were not recorded at a single time point

(n = 1); review (n = 1) and duplicate data (n = 1). In total, 35 stud-

ies were included in themeta-analysis. Among the included studies, 22

studies contained both homemorning and evening BP values,6–11,15–30

whereas 13 studies contained only home morning BP values.31–43 10

studies were conducted in European countries.6–8,15–19,22,25 whereas

25 studies were conducted in Asian countries9–11,20,21,23,24,26–43 (22

in Japan).9–11,20,21,23,24,26,27,29,31,33–43 A total of 49 432 patients were

examined, and study populations varied from unselected groups to

populationswith hypertension, chronic kidneydisease (CKD), diabetes,

etc. The detailed characteristics of included studies were summarized

in Table 1 and descriptions of the clinic and home BP measurement

methods in each study were reported in Table S1 (see Supplementary

Appendix).

Almost all of the included studies had different degrees of bias

due to the lack of clarity in methods (Table S2). Twenty-seven studies

did not illustrate whether they enrolled patients consecutively or ran-

domly. Besides, the timing and blinding information of clinic and home

BP measurements were also poorly reported. As for concerns regard-

ing the applicability, several studies were unclear or at high risk of

bias in index text and reference standard domains since the absence of

detailed descriptions ofmeasurements or nonstandardmeasurements.

3.2 Comparison between clinic BP and home
morning BP

Thirty-five studies, including a total of 49 432patients, compared clinic

BP with home morning BP, with 10 studies conducted in Europe and

25 studies in Asia. Mean clinic BP values were significantly higher than

home morning BP values by 3.79 mmHg (95% CI, 2.77–4.80) for SBP

(Figure 2) and 0.84 mmHg (95% CI, 0.14–1.55) for DBP (Figure 3).

The differences were much larger in Europe than in Asia both for

SBP [6.53 mmHg (95% CI, 4.10–8.97) in Europe vs. 2.70 mmHg (95%

CI, 1.74–3.66) in Asia] and DBP [3.31 mmHg (95% CI, 2.40–4.22) in

Europe vs. –0.05 mmHg (95% CI, –0.75–0.66) in Asia]. However, there

were significant statistical heterogeneities between included studies

(I2= 94%, p<0.01 for SBP; I2= 95%, p<0.01 for DBP).

To explore potential affecting factors (region, mean age, gender,

mean BP values, the proportion of hypertension, the proportion of

antihypertensive treatment, and proportion of diabetes) for the differ-

ences between clinic BP and home morning BP, we performed meta-

regression analyses for each variable listed above, which showed that

the region was a significant predictor for both SBP and DBP differ-

ences, and the clinicDBPwas a significant predictor forDBPdifference

(Table S3).

To further determine whether clinic BP had an influence on the dif-

ferences between clinic BP andhomemorningBP, subgroup analysis by

the mean levels of clinic BP was conducted (Figure S1–S4, see Supple-

mentary Appendix). We found that the differences between clinic SBP

and homemorning SBP tended to be greater with the increase of clinic

SBP values in European populations, except for clinic SBP<130mmHg

subgroup which only included one study, whereas no significant ten-

dency was founded in Asian populations.

Finally, we examined the publication bias by Begg’s funnel plots,

which indicated no evidence of bias. Further Begg’s test (p>0.05) and

Egger’s test (p>0.05) also proved it.
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F IGURE 2 Forest plot of studies that comparing SBP difference between clinic BP and homemorning BP

3.3 Comparison between clinic BP and home
evening BP

Twenty-two studies, including a total of 17 634 patients, compared

clinic BP with home evening BP, with 10 studies conducted in Europe

and 12 studies in Asia. Mean clinic BP values were significantly higher

than home evening BP values by 6.59 mmHg (95% CI, 4.98–8.21)

for SBP (Figure 4) and 3.37 mmHg (95% CI, 2.41–4.33) for DBP

(Figure 5). The differences were much smaller in Europe than in Asia

for SBP [5.85 mmHg (95% CI, 3.24–8.45) in Europe vs. 7.13 mmHg

(95% CI, 4.92-9.35) in Asia], whereas the result was opposite for DBP

[3.81 mmHg (95% CI, 2.41–5.22) in Europe vs. 2.96 mmHg (95% CI,

1.72–4.20) inAsia]. The statistical heterogeneitieswere also significant

(I2= 95%, p<0.01 for SBP; I2= 93%, p<0.01 for DBP).

We also performed meta-regression analyses for the above vari-

ables, which showed that age and clinic SBPwere significant predictors

for SBP difference (Table S4).

To further explore the influence of clinic BP, a subgroup analysis by

the mean levels of clinic BP was conducted (Figure S5–S8). Similarly,

the differences between clinic SBP and home evening SBP in European

populations tended to be greater with the increase of clinic SBP values

except for clinic SBP < 130 mmHg subgroup, whereas no significant

tendency was founded in Asian populations or for DBP differences.

All of Begg’s funnel plots, Begg’s test (p>0.05) and Egger’s test

(p>0.05) showed no evidence of publication bias.

3.4 Sensitivity analysis

Among studies in which home BP was measured at least twice each

time and on at least three consecutive days, the difference between

clinic SBP and homemorning SBPwas 6.95mmHg (95%CI, 4.89–9.02),

whereas the difference between clinic SBP and home evening SBPwas

8.42mmHg (95%CI, 5.86–10.99) (Figure S9–S10).

Among studies in which only hypertensive populations were

included, the difference between clinic SBP and home morning SBP

was 4.21 mmHg (95% CI, 3.18–5.23), whereas the difference between

clinic SBP and home evening SBP was 8.17 mmHg (95% CI, 6.43–9.91)

(Figure S11–S12).

The influence of individual studies on the outcomes was evaluated

by omitting each study in turn, which showed no significant alterna-

tion of the outcomes, suggesting that no one study had tremendous

influence on the outcomes.
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F IGURE 3 Forest plot of studies that comparing DBP difference between clinic BP and homemorning BP

4 DISCUSSION

The main findings of the present meta-analysis were that: (1) the MD

between clinic and homemorning SBP was 3.79 mmHg (95% CI, 2.77–

4.80), which was much larger in the European subgroup than in the

Asian subgroup; (2) theMD between clinic and home evening SBP was

6.59 mmHg (95% CI, 4.98–8.21), which was much smaller in European

subgroup than in Asian subgroup. To our knowledge, the present study

is the first meta-analysis that compares clinic BP with home morning

and home evening BP in the European and the Asian regions.

Home morning BP is usually measured within one hour after

waking up, before breakfast and drug intake.2,44 According to normal

circadian BP rhythm, BP turns to surge in the morning,45 which might

be attributable to the activation of the sympathetic nervous system

and release of renin and angiotensin II at that time.46 A previous study

showed a higher morning BP surge in Japanese than in European

hypertensive populations.47 The possible mechanisms have not been

elucidated yet. Increased activation of sympathetic nervous system

and high salt sensitivity in Asian populations might be potential

contributing factors.12 In addition to morning BP surge, sustained

nocturnal hypertension is another subtype ofmorning hypertension.48

It is reported that Asian populations had a smaller nocturnal BP

fall than European populations and isolated nocturnal hyperten-

sion was more prevalent in Asia.49 This discrepancy appears to be

partly due to higher salt sensitivity and excessive salt intake in Asian

populations.12,49 In the present study, we found that the difference

between clinic and home morning SBP was much larger in the Euro-

pean subgroup than in the Asian subgroup. Meta-regression analyses

showed that region was a significant predictor of the difference. Based

on the above evidence, homemorning BP is always higher in Asian pop-

ulations, which might result in a smaller difference between clinic and

homemorning SBP in Asian populations than in European populations.

In the Japan Morning Surge–Home Blood Pressure (J-HOP) study,

compared with patients whose home morning SBP was lower than

135mmHg, patientswith highermorning BP had a higher risk of stroke

(Hazard ratio [HR], 2.45. 2.80, 3.58, and 6.52 for morning SBP 135–

144, 145–154, 155–164, and ≥165 mmHg groups, respectively).50

Morning hypertension is closely related to CVD (particularly stroke)

and thus more attention should be paid to morning BP to prevent

stroke, especially in Asia.
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F IGURE 4 Forest plot of studies that comparing SBP difference between clinic BP and home evening BP

F IGURE 5 Forest plot of studies that comparing DBP difference between clinic BP and home evening BP
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In terms of home evening BP, the recommended timing of mea-

surement is inconsistent in Europe and Asia. The European Society of

Hypertension guideline for home BPmonitoring (2008) recommended

that home evening BP should be measured before dinner.44 whereas

in Asia, the Japanese Society of Hypertension guideline for the man-

agement of hypertension (2019) suggested that evening BP should be

measured at bedtime.2 Home evening BP is affected by daytime activi-

ties and the lifestyle of individuals, like the time of dinner, alcohol con-

sumption, and bathing. Fujiwara T et al.13 found that BP measured at

bedtime was significantly lower than before dinner in a Japanese pop-

ulation, which might be attributable to bathing and alcohol consump-

tion. Most Japanese bathe every day in bathtubs, and this habit has

been proven to have a significant depressor effect on BP.51 Our study

showed that the difference between clinic and home evening SBP was

much larger in the Asian subgroup than in the European subgroup. The

different characteristics of the timing of measurement and lifestyle

might explain the diversity. Furthermore, we also elucidated that the

differencebetweenclinic andhomeeveningSBPwas significantly asso-

ciated with age and clinic BP. Similarly, a previous meta-analysis about

home BP measurement also reported that the difference between

clinic and home SBP tended to be greater with the increase of age and

clinic BP values.4 To obtain more reliable results, we conducted a sen-

sitivity analysis by choosing studies that measured home BP at least

twice each time and on at least 3 consecutive days, which showed that

the differences between clinic and home morning/evening SBP were

much larger than the primary analysis. This was consistent with our

knowledge that fewermeasurementsmight lead tounstable andhigher

home BP records.44 Additionally, we also chose hypertensive popula-

tions to performa sensitivity analysis, and the resultswere comparable

to the primary analysis.

4.1 Clinical implications and recommendations
for future research

As discussed above, home morning and home evening BP might be

different not only in specific values but also in clinical implications.

However, in clinical practice, some patients merely measure home

morning or home evening BP when monitoring home BP due to insuf-

ficient patient education or inertia. Recently, multiple studies focused

on homemorning BP.38,39 Thus, an important issue that should be con-

sidered in clinical practice is that the cut-off values of hypertension

could be set separately for homemorning and home evening BP. Given

the differences between European and Asian populations in compar-

isons between clinic BP and home morning/evening BP, normalcy lev-

els for home morning/evening BP should be defined separately among

different populations.52 To determine the proper cut-off values of clin-

ical significance, further studies will be needed to investigate the dif-

ferences between clinic BP and home morning/evening BP in different

populations. Besides, further prospective randomized trials are also

needed to explore the relationship between different target values of

homemorning and clinical outcomes in different populations for better

management of hypertensive patients.

4.2 Limitations

There are some limitations in our study. Firstly, our pooling estimates

were based on some heterogeneities across the included studies. How-

ever, we attempted to explore the reasons for heterogeneities by sub-

groupanalysis according to region and clinicBP levels,meta-regression

analyses about several variables, and sensitivity analyses. And we

finally observed some factors that affected theoutcome such as region,

age and clinic BP, which might explain a part of the heterogeneity.

Besides, due to the lack of description of the detailed methods among

included studies, most of them had unclear or even high risk of bias in

some domains of QUADAS-2. Furthermore, in the Asian subgroup, the

study populations weremainly from Japan. For that home BPmonitor-

ing is more common and prevalent in Japan than in other areas in Asia,

relevant studies were abundant here. Thus, the data in our studymight

be less representative of the whole Asian populations. Lastly, we only

reviewed literature in the English language, which might lead to lan-

guage bias. However, the main strength of our study is that this is the

first meta-analysis comparing clinic BP with home morning and home

evening BP in Europe and Asia.

5 CONCLUSIONS

In conclusion, the clinic BP is significantly higher than home morn-

ing and home evening BP in Europe and Asia, with the gap larger

between the clinic and home evening BP. The MD between clinic

and home morning SBP was much larger in European populations

than in Asian populations, whereas the difference between clinic

and home evening SBP much larger in Asian populations. The differ-

ent characteristics of the region, ethnicity, age, and clinic BP might

explain the diversities. Further studies will be needed to investigate

the differences between clinic and home morning/evening BP in Euro-

pean and Asian regions, and explore potential affecting factors of

them.
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