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Abstract

Objectives: Cold exposure accounts for >7% of all-cause mortality worldwide, and cold-induced
blood pressure (BP) elevation and consequent cardiovascular events are partially responsible. For
prevention, it is important to identify risk factors for exaggerated temperature-sensitivity of BP,
but this is not fully understood. This study investigated whether depressive symptoms affect the
relationship between indoor temperature and BP.

Methods: We conducted a cross-sectional analysis of 1,076 community-based individuals who
were >60 years of age. Depressive symptoms were assessed using the 15-item Geriatric
Depression Scale at a cutoff point of 4/5. We performed ambulatory BP monitoring and indoor
temperature measurement on two consecutive days during the cold season in Nara, Japan.
Results: When using daytime systolic BP (SBP) as a dependent variable, multilevel linear
regression analyses showed that lower daytime indoor temperature was significantly associated
with higher daytime SBP in the depressive group (n =216, f =—0.804, p <0.001), but not in the
non-depressive group (n = 860, f = —0.173, p = 0.120); moreover, a significant interaction
between depression and daytime indoor temperature was observed (p = 0.014). These
relationships were independent of potential confounders including age, gender, body mass index,
medications, and physical activity. Similar results were obtained for morning SBP, nocturnal SBP
dipping, and morning BP surge.

Conclusions: The results suggest that depressive subjects are more likely to have cold-induced
BP elevation than non-depressive subjects. Further longitudinal studies are warranted to
determine whether people with depressive symptoms are at a high risk for cold-related

cardiovascular events.
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Introduction

Depressive disorders, which are common mental illnesses among older adults, are
characterized by cardiovascular mortality and comorbidities. The prevalence of clinically
significant depressive symptoms in a community-based geriatric population ranges from
approximately 8% to 16% [1], and late-life depression is a risk factor for suicide and non-suicide
mortality [1,2]. A possible cause of non-suicide mortality in depression is cardiovascular disease
[2], as indicated by meta-analyses and systematic reviews that have shown that depression
independently increases the risk of cardiovascular diseases [3,4]; however, the mechanisms are
not fully understood.

Colder, non-optimum temperature has been linked to >7% of the mortality incidence
worldwide [5], and increase in cardiovascular events due to cold-induced blood pressure (BP)
elevation has been suggested as a causative factor in certain cold-related mortalities.
Cardiovascular events are known to be more frequent in winter months [6,7], and a meta-analysis
reported that a 1°C decrease in indoor and outdoor temperature was associated with 0.38 mmHg
(95% confidence interval [CI]: 0.18 to 0.58) and 0.26 mmHg (95% CI: 0.18 to 0.33) increase in
systolic BP (SBP), respectively [8]. A recent cross-sectional study carefully adjusted for
confounding factors, including physical activity and outdoor temperature, also showed that
indoor temperature was independently associated with SBP (f: —0.48, 95% CI: —0.72 to —0.25)
and diastolic BP (DBP) (f: —0.45, 95% CI: —0.63 to —0.27) [9]. Recent prospective studies
suggest that higher morning BP is associated with a higher risk of winter-onset cardiovascular
disease [10], and that a temperature-induced increase in BP potentially mediates the association
between colder temperature and cardiovascular events [11]. As per our previous randomized

control study [12], intensive room heating can lower BP in winter, but providing intervention for
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everyone is not practical; therefore, it is important to identify the high-risk population that needs
to be prioritized for intervention.

Cold-induced BP elevation is hypothesized to be greater in patients with depression,
because these patients have been found to have attenuated vasodilation [13,14]. Furthermore,
depression has been reported to be associated with hyper-reactivity of the sympathetic nervous
system in response to stress, including cold [15] and mental stress [16—18]. However, it is
unknown whether depressive symptoms cause an effect modification of the association between
temperature and BP. Therefore, the purpose of this study was to investigate whether depressive
symptoms affect the relationships between indoor temperature and BP parameters in a large

sample of community-based older adults.

Methods
Participants and Study Protocol

A total of 1,127 community-based older adults >60 years of age were recruited into the
Housing Environments and Health Investigation among Japanese Older People in Nara, Kansai
Region (HEIJO-KYO) Study, which is a prospective community-based cohort study for which a
baseline survey was conducted between September 2010 and March 2014. Among the
participants, 1,076 (95.5%) for whom all valid data for the depressive status, ambulatory BP
monitoring (ABPM), and indoor temperature were available were included in the current
analysis. The study protocol was previously described [19] and was approved by the Ethics
Committee of Nara Medical University. All participants provided their written informed consent

before participating.
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Assessment of Depressive Symptoms

Depressive symptoms were assessed using the 15-item Geriatric Depression Scale (GDS-
15). Participants with a GDS-15 score of 5 or higher were classified as “depressive” because the
sensitivity and specificity of the GDS-15 at a cutoff point of 4/5 have been reported to be 92.7%
and 65.2%, respectively, based on the diagnostic criteria of the International Statistical
Classification of Diseases and Related Health Problems, 10th Revision, for major depressive
episode [20].
Ambulatory BP Monitoring

Ambulatory BP monitoring (ABPM) was performed during the cold season (September —
March) for all subjects, using a validated ambulatory recorder (TM-2430; A&D Co. Ltd., Tokyo,
Japan) positioned on the participant’s non-dominant arm. SBP and DBP were measured at 30-
min intervals for 48 hours, and all parameters were calculated as subsequently discussed for each
24-hour period. Pulse pressure (PP) was defined as the difference between SBP and DBP.
Subjects with <10 daytime or <5 night-time SBP readings on both days were excluded from
analyses based on the criteria of a previous study [21]. Daytime and night-time were defined
from the participants’ self-reported data of their bed-in and bed-out times, as recorded in a
standardized sleep diary, and mean daytime and night-time SBP readings were calculated
correspondingly. Nocturnal SBP dipping was defined as the percentage of decrease in night-time
SBP relative to daytime SBP [22].

Morning SBP was calculated as the 2-hour average of SBP just after bed-out time. MBPS
was calculated according to two commonly used classifications, namely, pre-waking MBPS
(morning SBP minus pre-waking SBP [2-hour average of SBP just before waking up]) and sleep-

trough MBPS (morning SBP minus the lowest SBP [1-hour average of three readings around the
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lowest nocturnal SBP reading]) [23].
Indoor and Outdoor Temperatures

The indoor temperatures of the participants’ living rooms, on the same days as ABPM, were
measured at 10-min intervals approximately 60 cm above floor level using Thermochron iButton
(Maxim Integrated, Dallas, TX, USA). Outdoor temperatures obtained from the local
meteorological office in Nara, Japan (latitude, 34° N) were measured every 10 minutes. We
calculated the average indoor and outdoor temperatures during the daytime and in the morning
for each day, within the definition of periods for daytime SBP and morning SBP.
Other Variables

Body mass index (BMI) was calculated as weight in kilograms divided by the square of
height in meters. Current smoking status, habitual alcohol consumption, use of antidepressant
medication, use of antihypertensive medication, educational background, and household income
were evaluated using a questionnaire survey. Daytime, night-time, and morning physical
activities were calculated as the average of all valid physical activity counts per minute, which
were evaluated using an actigraphy device (Actiwatch 2; Phillips Respironics Inc., Murrysville,
PA, USA), during periods corresponding to the ABPM parameters.
Statistical Analysis

Variables with normal distribution are presented as the mean and standard deviation (SD),
and the difference between the means of the depressive and non-depressive groups were
compared using Welch’s #-test. A comparison of the dichotomous variables was performed using
the chi-squared test. After the daytime indoor temperatures were stratified into lower and higher
temperatures based on the median, we drew smoothed spline curves to represent the temporal

trend of the SBP around bed-out time for each depressive status group by fitting a generalized
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additive model with generalized cross-validation.

The relationships between indoor temperatures and ABPM parameters were depicted based
on depressive status by using linear regression lines. To assess the interaction effect of the
depressive status on the relation, we analyzed linear regression models with an interaction term
(depressive status x indoor temperature) in addition to the depressive status and indoor
temperature, which were used as independent variables, and the MBPS parameters, used as the
dependent variable.

With the data stratified by depressive status, we conducted multilevel linear regression
analyses to examine the association between indoor temperature and ABPM parameters, with the
assumptions made about the random slope and intercept for each depressive status group. The
multilevel models were as follows:

Level 1 (day level; variables that change from day to day):

ABPM;; = By + By X Temp;; + 7;;
where ABPM;; denotes an observed ABPM parameter (such as daytime SBP) for the individual j
on day i; Temp; denotes the observed temperature (such as daytime indoor temperature) for
individual j on day i; fo; denotes a random intercept for individual j; f1; denotes a random slope
of Temp;; for individual j; and r; denotes the residual for individual j on day i.

Level 2 (individual level; variables that are different from individual to individual, not

changing from day to day):
m
Boj = Yoo t+ Z(VOS X ij) + Upj
s=1
Bij = Y10 + Wy

where X;; denotes observed covariates (such as age and gender; only when multivariable models)
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for individual j; yo0, and yos denote the fixed effects of intercept and regression coefficients of
covariate Xy;; uo; denotes a random effect in the random intercept for individual j; y10 denotes the
fixed effect of the regression coefticient of Temp;;; and u1; denotes a random effect in the random
slope of Temp;; for individual ;.

In addition, the interaction effects of the depressive status were analyzed in a whole sample
that included both depressive and non-depressive subjects, using the same multilevel models that
included the depressive status terms in level 2:

m
Boj = Yoo T+ Yo1 X Depressive; + Z(yOS X ij) + Up;
s=2
B1j = Y10 t Y11 X Depressive; + u,;
where Depressive; denotes an observed depressive status for individual j; yo1 denotes a regression
coefficient of Depressive;; and y11 denotes a regression coefficient of an interaction term
(Depressive; x Tempy;).

In addition to multilevel analyses, we performed single-level linear regression analyses
using the same models except using two-day average data. We also conducted multilevel linear
regression analyses using outdoor instead of indoor temperatures.

All multivariable models above were consistently adjusted with potential confounders,

including gender (male, female), age (continuous), and BMI (=25, <25) in model 1; with the

29 ¢¢

addition of current smoker (“yes,” “no”), ethanol intake (=30, <30 g/day), antihypertensive use

2 13 e 1Y

no”), antidepressant use (“yes,” “no”), education history (>13, <13 years), and

(Cﬂyes’
household income (>4, <4 million Japanese yen) in model 2; and the addition of daytime

physical activity (continuous; when dependent variable is daytime SBP or nocturnal SBP

dipping) or morning physical activity (continuous; when dependent variable is morning SBP or

10
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MBPS) in model 3.

Multilevel analyses used two days of data, whereas all other analyses used the two-day
average. Missing values were replaced with series averages when the variables were continuous
or with the proportion among all participants when the variables were dichotomous. We
considered p < 0.05 as statistically significant. All statistical analyses were performed using R
Version 4.1.1 [24] and the following packages: “mgcv” [25], generalized additive models; “Ime4”
[26] and “IlmerTest” [27], multilevel linear models; “ggplot2” [28], preparing figures; and

“tidyverse” [29], applicable for underlying data manipulations and analyses.

Results

Of the 1,076 participants, 508 (47.2%) were male, 216 (20.1%) were depressive, 479
(44.5%) used antihypertensives, and 15 (1.4%) used antidepressants. Compared with the non-
depressive group, the depressive group had fewer male participants (421 [49.0%] vs. 87 [40.3%],
p =0.022), more smokers (38 [4.4%] vs. 17 [7.9%], p = 0.039), more antihypertensive users (367
[42.7%] vs. 112 [51.9%], p = 0.015), and more antidepressant users (8 [0.9%] vs. 7 [3.2%], p =
0.010) (Table 1). Indoor temperature and physical activity were not significantly different
between the depressive and non-depressive groups (Table 1).

The median of the daytime indoor temperature was 16.46°C, and participants were divided
into lower and higher temperature groups based on the median temperature (Figure 1A, C);
coincidentally, the number of depressive and non-depressive subjects were distributed equally
(108 depressive subjects and 430 non-depressive subjects) in both groups. Depressive individuals

demonstrated higher SBP than non-depressive individuals during the daytime in the lower
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temperature group (Figure 1B), but not in the higher temperature group (Figure 1D).

The depressive group showed a steeper decline in daytime (Figure 2A) and morning SBP
(Figure 2B) than the non-depressive group, which was associated with a higher indoor
temperature in simple linear regression models. Significant interaction effects of the depressive
status in the relationships were identified (Figure 2).

In the multilevel linear regression models, the daytime and morning indoor temperatures
were significantly associated with daytime and morning SBP, respectively, in the depressive
group (daytime SBP: f = —0.725, 95% CI = —1.161 to —0.289, p = 0.001; morning SBP: f =
—0.602, 95% CI = —1.113 to —0.091, p = 0.021), but not in the non-depressive group (daytime
SBP: g =—0.102, 95% CI = —0.314 to 0.110, p = 0.345; morning SBP: f = —0.153, 95% CI =
—0.388 to 0.081, p = 0.199) (Table 2). Significant interaction effects of the depressive status
were detected in relation to daytime SBP (f [Indoor temperature x depressive status] = —0.551, p
= 0.023), although slightly not significant in relation to morning SBP (f [Indoor temperature X
depressive status] = —0.474, p = 0.086) (Table 2). These relationships and interactions were
independent of potential confounders, including age, gender, BMI, alcohol intake, smoking habit,
medications, education history, household income, and physical activity. Similar associations
were also found in the BP parameters reflecting diurnal variation in BP; negative relations
between daytime indoor temperature and nocturnal BP dipping (depressive: f = —0.500, 95% CI
=—0.775 to 0.224, p < 0.001; non-depressive: f = —0.128, 95% CI = —0.274 to 0.019, p = 0.087;
interaction: f [Indoor temperature x depressive status] = —0.358, p = 0.030); between morning
indoor temperature and pre-waking MBPS (depressive: f = —0.650, 95% CI = —1.135 to —0.165,
p = 0.009; non-depressive: f = —0.218, 95% CI = —0.429 to —0.007, p = 0.043; interaction:

[Indoor temperature x depressive status] = —0.469, p = 0.062); and between morning indoor
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temperature and sleep-trough MBPS (depressive: f = —0.562, 95% CI = —1.056 to —0.068, p =
0.026; non-depressive: f =—0.353, 95% CI =—0.564 to —0.141, p = 0.001; interaction: £ [Indoor
temperature x depressive status] = —0.250, p = 0.320) were steeper in the depressive group than
in the non-depressive group, although interactions were not statistically significant for MBPS
(Table 3).

Similar to the results of the multilevel analyses, linear regression analyses using two-day
averages also showed that the associations between BP parameters and indoor temperatures were
stronger in the depressive group than in the non-depressive group, and significant interaction
effects of the depressive status on the relationships were observed (Table S1, Table S2).

When using the outdoor temperature instead of indoor temperature, we failed to detect
significant associations between the outdoor temperature and BP parameters in both the
depressive and non-depressive groups (Table S3, Table S4).

Analyses using daytime DBP and PP yielded results similar to that for daytime SBP, but
with smaller effects (depressive: [daytime DBP: f = —0.389, 95% CI = —0.645 to —0.134, p =
0.003; daytime PP: f=—-0.313, 95% CI =—-0.661 to 0.036, p = 0.078]; non-depressive: [daytime
DBP: f = —0.045, 95% CI = —0.170 to 0.081, p = 0.485; daytime PP: f = —0.012, 95% CI =

—0.158 t0 0.134, p = 0.870]; Table S5).

Discussion
This study first revealed that the association between indoor temperature and BP parameters
differed depending on the depressive status; i.e., the slopes of the associations between lower

indoor temperature and higher BP parameters were steeper in the depressive group than in the
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non-depressive group. Interestingly, associations between temperature and BP parameters were
generally observed, but some associations were insignificant in non-depressive group, which
comprised the majority and was considered to be a more general population. These results
suggest that certain populations, which can be distinguished by depressive symptoms, have
higher temperature-sensitivity correlated with BP fluctuations.

By examining three factors—depressive symptoms, indoor temperature, and BP—
simultaneously in a large population, we found that depressive symptoms and temperature cannot
be assessed independently in relation to BP. This was the strongest finding of this study.
Although many previous studies have reported the relationship between lower temperature and
higher BP [8], the variability of the reported effect size may have been caused by differences in
the prevalence of depressive symptoms. Additionally, a meta-analysis found that depression
increases the incidence of hypertension [30], although other studies have reported inconsistent
results [31,32]. This may be attributed to the different temperatures of the research environment.
Therefore, in future BP research, depression and temperature should be examined as
simultaneously occurring influences on BP. Moreover, it was essential to measure the indoor
temperature accurately to achieve these results. To assess the thermal environment, outdoor
temperature is relatively easy to obtain but is an inaccurate indicator of temperature exposure for
subjects who spend most of their time indoors [33]. In fact, in our current analyses, the
associations between outdoor temperature and BP parameters were not significant. The
availability of accurate indoor temperature data in a large-scale population is a major strength of
our study, because few large-scale studies have analyzed the association between indoor
temperature and BP, as it requires a great deal of research effort and the cooperation of

participants.
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The stronger association between temperature and BP in the depressive group may be
because some of the biological mechanisms underlying cold-induced BP elevation are likely to
occur in depressive subjects. Cold exposure is associated with increased sympathetic nervous
activity [34], and, consequently, peripheral vasoconstriction [35] or impaired endothelium-
dependent vasodilation [36], which probably results in BP elevation [8,37]. Depressive subjects
have impaired vasodilation, which is caused by endothelial dysfunction and a reduction in nitric
oxide bioavailability [13,14]; accordingly, they may be predisposed to BP elevation. Moreover,
individuals with higher depressive symptoms have greater sympathetic nervous reactivity to
stress, including the cold pressor test [15] and mental stresses [16—18], it is possible that
depressive subjects are more susceptible to BP changes due to ambient temperature. Furthermore,
hyperactivity of the hypothalamic—pituitary—adrenal (HPA) axis, which is one of the most
consistent biological findings in depression [38,39], may also mediate alterations in the
relationship between temperature and BP in depressive subjects. A large-scale meta-analysis
indicated that individuals with depression tend to have increased cortisol levels and
adrenocorticotropic hormone levels [40], and an experimental study showed that administration
of hydrocortisone (cortisol) significantly increased BP [41]. In a study on rats, chronic
intermittent cold exposure sensitizes HPA axis response to acute stress by enhancing
noradrenergic function in the paraventricular nucleus [42]. Additionally, we examined DBP and
PP as well as SBP and found that SBP was most strongly associated with indoor temperature in
individuals with depression; however similar associations were observed for both DBP and PP.
This indicates that since PP alone could not explain this phenomenon, multiple factors may be
responsible for the current results. Further detailed experimental studies are warranted to

determine the biological mechanisms underlying the current results.
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Our results suggest that for cold-related cardiovascular events, depressive symptoms may
help identify a high-risk population. The World Health Organization Housing and health
guidelines recommends keeping the indoor temperature at least 18°C to protect residents from
the harmful effects of cold [43]; however, many houses do not meet this criterion [44]. A
previous study reported that age and female gender are interacting factors in the association
between indoor temperature and morning SBP, and older adults and women appear to be more
vulnerable to cold-induced BP elevation [45]. The current study showed that depression was an
independent factor affecting the relationships between indoor temperature and BP, even after
adjusted for age and gender. Depressive symptoms may be associated more with the vulnerability
of cold-induced BP elevation than with known risk factors because to our knowledge, there was
no known population in which the association between temperature and BP almost disappeared,
as in the non-depressive subjects; therefore, to efficiently reduce cold-induced BP elevation and
further consequent cold-related cardiovascular events, it may be effective to encourage
depressive populations preferentially to live in a warmer housing environment.

In addition to mean BP (daytime and morning SBP), diurnal variation in BP (nocturnal SBP
dipping and MBPS) also tended to be greater in the depressive group than in the non-depressive
group. This is probably because during the night-time, subjects are in bed and less affected by
the indoor temperature, but during the daytime they are directly exposed to the cold from indoor
temperature, and therefore, subjects with depression, who have higher temperature-sensitivity of
BP, will have larger diurnal variation in BP. Nocturnal SBP dipping and MBPS are parameters
that are positively correlated [46], but they are inversely associated with cardiovascular
outcomes; increased MBPS are associated with cardiovascular risks corresponding to more

cardiovascular events in the morning [47,48], whereas the lower nocturnal BP dipping (so-called
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non-dipper pattern) is another well-known cardiovascular risk factor [49,50]. Our results suggest
that ABPM in depressive subjects in a cold environment overestimates nocturnal BP dipping;
therefore, we should pay attention to classifying and interpreting dipping patterns.

This study has some limitations. First, owing to its cross-sectional design, we could not
confirm the causal relationship. Second, we only evaluated older adults from Japan and the
participants were not randomly sampled, thereby limiting the generalizability of our findings to
other cultural and age groups. However, the proportion of participants using antihypertensive
medications (479/1076 [44.5%]) and with BMI > 25 (274/1076 [25.5%]) in the current study
were similar to those of older adults (age > 60) in the 2010 National Health and Nutrition Survey
of Japan (antihypertensives: 1035/2375 [43.6%]; BMI > 25: 803/2880 [27.9%]) [51]. Third, we
conducted all ABPMs during the cold season, so we cannot draw conclusions about other
seasons or temperature environments. Fourth, because we did not assess the onset of depressive
symptoms, we cannot determine whether depression in our subjects was chronic or transient and
if either or both were associated with the results. Fifth, our study participants were assessed
using the GDS-15 score rather than by a certified psychiatrist for their depressive symptoms, so
the current results may not be applicable to patients with actual depressive symptoms, including
major depressive disorder. Finally, we did not assess vasocontraction, vasodilation, autonomic
nervous systems, HPA axis, or other neuroendocrinological regulation functions; hence, we
cannot explain the influence of these mechanisms.

In conclusion, our results indicate that the relationships between indoor temperature and BP
are different depending on the presence or absence of depressive symptoms, i.e., compared with
non-depressive subjects, depressive subjects are significantly more likely to have stronger

associations between lower indoor temperature and higher BP parameters, which may explain
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why patients with depression are at a high risk for cardiovascular diseases. Additionally,
evaluating depressive symptoms may allow for efficient screening of individuals at high risk for
cold-induced BP elevation and consequent cardiovascular events. Further longitudinal and
experimental research is needed to clarify the causality and mechanisms behind them, and

depression and temperature should be considered simultaneously in future BP research.

18



370  Acknowledgments

371 The authors would like to thank Naomi Takenaka, Sachiko Sogahara, and Keiko Nakajima
372  for their valuable help with data collection.

373

374

19



375

376

377
378

379
380

381
382
383

384
385

386
387
388

389
390
391

392
393

394
395
396

397
398

399
400
401

References

1 Blazer DG. Depression in Late Life: Review and Commentary. The Journals of
Gerontology: Series A 2003; 58:M249-M265.

2 Schulz R, Drayer RA, Rollman BL. Depression as a risk factor for non-suicide mortality
in the elderly. Biol Psychiatry 2002; 52:205-225.

3 Kooy K der, Hout H van, Marwijk H, Marten H, Stehouwer C, Beekman A. Depression
and the risk for cardiovascular diseases: systematic review and meta analysis. Int J Geriatr
Psychiatry 2007; 22:613-626.

4 Pan A, Sun Q, Okereke OI, Rexrode KM, Hu FB. Depression and risk of stroke morbidity
and mortality: a meta-analysis and systematic review. JAMA 2011; 306:1241-9.

5 Gasparrini A, Guo Y, Hashizume M, Lavigne E, Zanobetti A, Schwartz J, et al. Mortality
risk attributable to high and low ambient temperature: a multicountry observational study. Lancet
2015; 386:369-375.

6 Marti-Soler H, Gubelmann C, Aeschbacher S, Alves L, Bobak M, Bongard V, et al.
Seasonality of cardiovascular risk factors: an analysis including over 230 000 participants in 15
countries. Heart 2014; 100:1517.

7 Stewart S, Keates AK, Redfern A, McMurray JJV. Seasonal variations in cardiovascular
disease. Nat Rev Cardiol 2017; 14:654—664.

8 Wang Q, Li C, Guo Y, Barnett AG, Tong S, Phung D, et al. Environmental ambient
temperature and blood pressure in adults: A systematic review and meta-analysis. Sci Total
Environ 2017; 575:276-286.

9 Zhao H, Jivraj S, Moody A. ‘My blood pressure is low today, do you have the heating on?’
The association between indoor temperature and blood pressure. J Hypertens 2019; 37:504-512.

10 Narita K, Hoshide S, Kario K. Relationship between Home Blood Pressure and the
Onset Season of Cardiovascular Events: The J-HOP Study (Japan Morning Surge-Home Blood
Pressure). Am J Hypertens Published Online First: 2021. doi:10.1093/ajh/hpab016

20



402
403
404

405
406
407

408
409
410

411
412
413

414
415
416

417
418

419
420
421

422
423
424

425
426
427

428
429
430

11 Yu B, Jin S, Wang C, Yan S, Zhou X, Cui X, et al. The association of outdoor
temperature with blood pressure, and its influence on future cardio-cerebrovascular disease risk
in cold areas. J Hypertens 2020; 38:1080—1089.

12 Saeki K, Obayashi K, Iwamoto J, Tanaka Y, Tanaka N, Takata S, et al. Influence of
room heating on ambulatory blood pressure in winter: a randomised controlled study. J
Epidemiol Commun H 2013; 67:484.

13 Cooper DC, Tomfohr LM, Milic MS, Natarajan L, Bardwell WA, Ziegler MG, et al.
Depressed mood and flow-mediated dilation: a systematic review and meta-analysis. Psychosom
Med 2011; 73:360-9.

14 Greaney JL, Saunders EFH, Santhanam L, Alexander LM. Oxidative Stress Contributes
to Microvascular Endothelial Dysfunction in Men and Women With Major Depressive Disorder.
Circ Res 2019; 124:564-574.

15 Sanchez-Gonzalez MA, May RW, Brown PC, Koutnik AP, Fincham FD. Depressive
Symptoms Contribute to Increased Wave Reflection During Cold Pressor Test in Young Adult
Men. Am J Hypertens 2013; 26:778-783.

16 Light KC, Kothandapani RV, Allen MT. Enhanced cardiovascular and catecholamine
responses in women with depressive symptoms. Int J Psychophysiol 1998; 28:157-166.

17 Sheffield D, Krittayaphong R, Cascio WE, Light KC, Golden RN, Finkel JB, ef al. Heart
rate variability at rest and during mental stress in patients with coronary artery disease:
Differences in patients with high and low depression scores. Int J Behav Med 1998; 5:31-47.

18 Hamer M, Tanaka G, Okamura H, Tsuda A, Steptoe A. The effects of depressive
symptoms on cardiovascular and catecholamine responses to the induction of depressive mood.
Biol Psychol 2007; 74:20-25.

19 Obayashi K, Saeki K, Iwamoto J, Okamoto N, Tomioka K, Nezu S, et al. Positive effect
of daylight exposure on nocturnal urinary melatonin excretion in the elderly: a cross-sectional
analysis of the HEIJO-KYO study. J Clin Endocrinol Metab 2012; 97:4166-73.

20 Almeida OP, Almeida SA. Short versions of the geriatric depression scale: a study of
their validity for the diagnosis of a major depressive episode according to ICD-10 and DSM-IV.
Int J Geriatr Psychiatry 1999; 14:858-65.

21



431
432
433

434
435
436

437
438
439

440
441

442
443
444

445
446

447
448

449
450

451
452

453
454
455

456
457
458

21 Anstey DE, Muntner P, Bello NA, Pugliese DN, Yano Y, Kronish IM, et al. Diagnosing
Masked Hypertension Using Ambulatory Blood Pressure Monitoring, Home Blood Pressure
Monitoring, or Both? Hypertension 2018; 72:1200-1207.

22 Kario K, Pickering TG, Matsuo T, Hoshide S, Schwartz JE, Shimada K. Stroke
Prognosis and Abnormal Nocturnal Blood Pressure Falls in Older Hypertensives. Hypertension
2001; 38:852—-857.

23 Kario K, Pickering T, Umeda Y, Hoshide S, Hoshide Y, Morinari M, et al. Morning
surge in blood pressure as a predictor of silent and clinical cerebrovascular disease in elderly

hypertensives: a prospective study. Circulation 2003; 107:1401-6.

24 R Core Team. R: A language and environment for statistical computing. R Foundation
for Statistical Computing, Vienna, Austria.; 2021. https://www.R-project.org/

25 Wood SN. Fast stable restricted maximum likelihood and marginal likelihood estimation
of semiparametric generalized linear models. J Royal Statistical Soc Ser B Statistical Methodol
2011; 73:3-36.

26 Bates D, Michler M, Bolker B, Walker S. Fitting Linear Mixed-Effects Models Using
Ime4. J Stat Softw 2015; 67. doi:10.18637/ss.v067.101

27 Kuznetsova A, Brockhoff PB, Christensen RHB. ImerTest Package: Tests in Linear
Mixed Effects Models. J Stat Softw 2017; 82. doi:10.18637/jss.v082.113

28 Wickham H. ggplot2: Elegant Graphics for Data Analysis. Springer-Verlag New York;
2016. https://ggplot2.tidyverse.org

29 Wickham H, Averick M, Bryan J, Chang W, McGowan L, Frangois R, et al. Welcome to
the Tidyverse. J Open Source Softw 2019; 4:1686.

30 Meng L, Chen D, Yang Y, Zheng Y, Hui R. Depression increases the risk of
hypertension incidence: a meta-analysis of prospective cohort studies. Journal of Hypertension
2012; 30:842.

31 Wiehe M, Fuchs SC, Moreira LB, Moraes RS, Percira GM, Gus M, et al. Absence of
association between depression and hypertension: results of a prospectively designed population-
based study. J Hum Hypertens 2006; 20:434—439.

22



459
460
461

462
463
464

465
466

467
468

469
470
471
472

473
474
475

476
477
478

479
480

481
482

483
484
485

32 Yan LL, Liu K, Matthews KA, Daviglus ML, Ferguson TF, Kiefe CI. Psychosocial
Factors and Risk of Hypertension: The Coronary Artery Risk Development in Young Adults
(CARDIA) Study. JAMA 2003; 290:2138-2148.

33 Saeki K, Obayashi K, Iwamoto J, Tone N, Okamoto N, Tomioka K, et al. Stronger
association of indoor temperature than outdoor temperature with blood pressure in colder months.
J Hypertens 2014; 32:1582—-1589.

34 Cui J, Muller MD, Blaha C, Kunselman AR, Sinoway LI. Seasonal variation in muscle
sympathetic nerve activity. Physiol Rep 2015; 3:¢12492.

35 Castellani JW, Young AJ. Human physiological responses to cold exposure: Acute

responses and acclimatization to prolonged exposure. Autonomic Neurosci 2016; 196:63—74.

36 Widlansky ME, Vita JA, Keyes MJ, Larson MG, Hamburg NM, Levy D, et al. Relation
of Season and Temperature to Endothelium-Dependent Flow-Mediated Vasodilation in Subjects
Without Clinical Evidence of Cardiovascular Disease (from the Framingham Heart Study). Am J
Cardiol 2007; 100:518-523.

37 Brook RD, Weder AB, Rajagopalan S. “Environmental Hypertensionology” The Effects
of Environmental Factors on Blood Pressure in Clinical Practice and Research. J Clin Hypertens
2011; 13:836-842.

38 Penninx BW, Milaneschi Y, Lamers F, Vogelzangs N. Understanding the somatic
consequences of depression: biological mechanisms and the role of depression symptom profile.
BMC medicine 2013; 11:129.

39 Pariante CM, Lightman SL. The HPA axis in major depression: classical theories and

new developments. Trends in neurosciences 2008; 31:464-8.

40 Stetler C, Miller GE. Depression and hypothalamic-pituitary-adrenal activation: a

quantitative summary of four decades of research. Psychosomatic medicine 2011; 73:114-26.

41 Matsumura K, Abe I, Fukuhara M, Fujii K, Ohya Y, Okamura K, et a/. Modulation of
circadian rhythm of blood pressure by cortisol in patients with hypopituitarism. Clinical and
experimental hypertension (New York, NY : 1993) 1994; 16:55-66.

23



486
487
488

489
490
491

492
493
494

495
496
497

498
499
500

501
502
503

504
505
506

507
508
509

510
511
512
513

42 Ma S, Morilak DA. Chronic Intermittent Cold Stress Sensitises the Hypothalamic-
Pituitary-Adrenal Response to a Novel Acute Stress by Enhancing Noradrenergic Influence in
the Rat Paraventricular Nucleus. J Neuroendocrinol 2005; 17:761-769.

43  World Health Organization. WHO  housing and health guidelines.
2018.https://apps.who.int/iris/bitstream/handle/10665/276001/9789241550376-eng.pdf (accessed
5 Sep2021).

44 Umishio W, Ikaga T, Fujino Y, Ando S, Kubo T, Nakajima Y, et al. Disparities of
indoor temperature in winter: A cross-sectional analysis of the Nationwide Smart Wellness
Housing Survey in Japan. Indoor Air 2020; 30:1317—-1328.

45 Umishio W, Ikaga T, Kario K, Fujino Y, Hoshi T, Ando S, et al. Cross-Sectional
Analysis of the Relationship Between Home Blood Pressure and Indoor Temperature in Winter:

A Nationwide Smart Wellness Housing Survey in Japan. Hypertension 2019; 74:756—766.

46 Verdecchia P, Angeli F, Mazzotta G, Garofoli M, Ramundo E, Gentile G, et al. Day-
Night Dip and Early-Morning Surge in Blood Pressure in Hypertension Prognostic Implications.
Hypertension 2012; 60:34—42.

47 Pierdomenico SD, Pierdomenico AM, Coccina F, Lapenna D, Porreca E. Prognostic
Value of Nondipping and Morning Surge in Elderly Treated Hypertensive Patients With
Controlled Ambulatory Blood Pressure. American journal of hypertension 2017; 30:159-165.

48 Xie J-C, Yan H, Zhao Y-X, Liu X-Y. Prognostic Value of Morning Blood Pressure
Surge in Clinical Events: A Meta-analysis of Longitudinal Studies. J Stroke Cerebrovasc Dis
2015; 24:362-369.

49 Verdecchia P, Porcellati C, Schillaci G, Borgioni C, Ciucci A, Battistelli M, et al.
Ambulatory blood pressure. An independent predictor of prognosis in essential hypertension.
Hypertension 1994; 24:793-801.

50 Hoshide S, Kario K, Hoshide Y, Umeda Y, Hashimoto T, Kunii O, et al. Associations
between nondipping of nocturnal blood pressure decrease and cardiovascular target organ
damage in strictly selected community-dwelling normotensives. Am J Hypertens 2003; 16:434—
438.

24



514
515

516

517

51 The 2010  National  Health and  Nutrition  Survey  of
https://www.mhlw.go.jp/bunya/kenkou/eiyou/h22-houkoku.html (accessed 31 Mar2022).

25

Japan.



518  Figure Legends

A B
Lower Temp. Group Lower Temp. Group
100 Depressive .-Ii 16.46°C
= i Yes(n=1DB}i | 1407 _
S 75401 Hon=430)] &) SRR
? || i % 4 Y=
a ' £ 130
— [N ¥ .
4% 501 :-” o /i Depressive
3 [ 0D 120 Yes (n=108)
- JE ~ - Mo (n=430)
oL I_rl".! . 1101 . Night-time | Daytime . .
0 10 20 4 0 4 ]
Daytime Indoor Temp. (°C) Time based on bed-out time (hour)
C . D .
Higher Temp. Group Higher Temp. Group
1
16.48°C| | -,
' 901 R — -~
[
g i T 130
i v £
£ 607 H b £ :
€ Depressive o o Depressive
3 Yes (n=108) | 14| [} o 120 Yes (n=108)
O 30 — - e o -
Lo No(n=430) o ~ - No(n=430)
L
0 i rh 1104 Might-time | Daytime
0 10 20 4 0 4 ]
Daytime Indoor Temp. (°C) Time based on bed-out time (hour)

519

520  Figure 1. Participants were divided into lower (A, B) and higher (C, D) temperature groups
521  based on the median of daytime indoor temperature (16.46°C). A, C: Histograms of daytime
522 indoor temperature in each group. B, D: Temporal trends of systolic blood pressure (SBP)
523  around bed-out time were drawn with a 95% confidence interval using general additive models.
524  SBP tended to be low at night-time and high during daytime. Depressive subjects demonstrated
525  relatively higher SBP during daytime in the lower temperature group (B), but not in the higher
526  temperature group (D).
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Figure 2. Relationships between the two-day average of indoor temperature and mean blood
pressure (BP) were plotted by depressive status. Regression lines with 95% confidence intervals
were drawn using linear models. P for interaction were calculated using linear models with an
interaction term. Interactions between indoor temperature and depressive symptoms in relation to

daytime systolic BP (SBP) (A) and morning SBP (B) were significant.
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537

538

Table 1. Basic Characteristics of the Study Participants

Depressive

Non-depressive

*

(GDS =5) (GDS <5) P
n=216 n =860
Age, mean (SD) 72.5 (7.6) 71.7 (7.0) 0.175
Gender, male, n (%) 87 (40.3) 421 (49.0) 0.022
BMI > 25 [kg/m?], n (%) 55 (25.5) 219 (25.5) 0.999
Current Smoker, 7 (%) 17(7.9) 38 (4.4) 0.039
Ethanol Intake > 30 [g/day], n (%) 27 (12.5) 128 (14.9) 0.372
Higher Education History, 7 (%) 47 (21.8) 240 (27.9) 0.068
Higher Household Income, 7 (%) 73 (37.2) 362 (45.2) 0.043
Antihypertensive Medication, n (%) 112 (51.9) 367 (42.7) 0.015
Antidepressants Medication, n (%) 7(3.2) 8(0.9) 0.010
Indoor Temperature
Daytime [°C], mean (SD) 16.03 (3.73) 16.20 (3.65) 0.553
Night-time [°C], mean (SD) 12.69 (4.23) 12.17 (4.27) 0.106
Morning [°C], mean (SD) 14.00 (4.13) 14.32 (4.04) 0.307
Physical Activity
Daytime [counts/min], mean (SD) 221.6 (105.2) 221.1 (95.7) 0.954
Night-time [counts/min], mean (SD) 28.7 (53.4) 30.9 (115.6) 0.681
Morning [counts/min], mean (SD) 262.7 (152.7) 249.7 (141.9) 0.255
ABPM Parameter
Daytime SBP [mmHg], mean (SD) 136.0 (14.3) 134.7 (13.9) 0.223
Night-time SBP [mmHg], mean (SD) 115.0 (15.7) 115.8 (16.1) 0.517
Morning SBP [mmHg], mean (SD) 139.3 (18.6) 136.5 (17.7) 0.046
Daytime DBP [mmHg], mean (SD) 79.7 (8.3) 79.5 (7.6) 0.648
Night-time DBP [mmHg], mean (SD) 66.2 (8.4) 67.0 (8.4) 0.190
Daytime PP [mmHg], mean (SD) 56.2 (9.8) 55.2 (10.0) 0.177
Night-time PP [mmHg], mean (SD) 48.9 (10.5) 48.8 (10.8) 0.936
Nocturnal Dipping [%], mean (SD) 15.2 (9.3) 13.9 (8.8) 0.068
Prewaking MBPS [mmHg], mean (SD) 21.7 (16.5) 18.6 (14.4) 0.012
Sleep-trough MBPS [mmHg], mean (SD) 38.6 (17.3) 33.7 (14.5) <0.001

* p values were calculated using Welch’s #-test (for continuous variables) or Chi-squared test (for

dichotomous variables).
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540

541

542

GDS, Geriatric Depression Scale; SD, standard deviation; BMI, body mass index; ABPM,
ambulatory blood pressure monitoring; SBP, systolic blood pressure; DBP, diastolic blood

pressure; PP, pulse pressure; MBPS, morning blood pressure surge
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543  Table 2. Multilevel Linear Regression Analysis of the Association between Indoor

544  Temperature and Mean SBP by Depressive Status

Depressive Non-depressive
(GDS >5) (GDS <5)
ﬁ (95% CI) P ﬁ (95% CI) )4 Dinteraction

Daytime SBP (mmHg) ~ Daytime Indoor Temperature (°C)
- Crude model —0.804 (—1.239t0 —0.368) <0.001  —0.173 (-0.391 t0 0.045) 0.120 0.014

- Adjusted model 1*  —0.851 (—1.282 to —0.420) <0.001  —0.155 (—0.368 t0 0.058)  0.154 0.011
- Adjusted model 21  —0.819 (—1.252to —0.386) <0.001  —0.151 (—0.364t0 0.063) 0.166 0.013
- Adjusted model 31  —0.725 (—1.161 to —0.289) 0.001 —0.102 (—0.314t0 0.110)  0.345 0.023

Morning SBP (mmHg) ~ Morning Indoor Temperature (°C)

- Crude model —-0.712 (-1.231t0 —-0.192) 0.007 —0.220 (—0.461 t0 0.021)  0.073 0.099
- Adjusted model 1*  —0.728 (—1.240 to —0.215) 0.006 —0.180 (—0.4151t00.056)  0.135 0.077
- Adjusted model 2§  —0.709 (—1.224 to —0.194) 0.007 —0.176 (—0.411 t0 0.060)  0.144 0.072
- Adjusted model 3f  —0.602 (—1.113 to —0.091) 0.021 —0.153 (—0.388t0 0.081)  0.199 0.086

545

546  * Model 1: adjusted for age, gender, and BML.

547  § Model 2: adjusted for current smoker, ethanol intake, antidepressant use, antihypertensive use,
548  educational status, and household income, in addition to model 1.

549 1 Model 3: adjusted for daytime (for daytime SBP) or morning (for morning SBP) physical
550  activity, in addition to model 2.

551

552  GDS, geriatric depression scale; B, regression coefficient; CI, confidence interval; SBP, systolic
553  blood pressure; BMI, body mass index

554
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555 Table 3. Multilevel Linear Regression Analysis of the Association between Indoor

556  Temperature and Diurnal Variation in SBP by Depressive Status

Depressive Non-depressive
(GDS >5) (GDS <5)
ﬁ (95% CI) P ﬁ (95% CI) )4 Dinteraction

Nocturnal SBP Dipping (%) ~ Daytime Indoor Temperature (°C)
- Crude model —0.568 (—0.858 to —0.279) <0.001  —0.161 (—0.312 to —0.011) 0.036 0.019

- Adjusted model 1*  —0.566 (—0.850 to —0.282) <0.001  —0.155 (—0.302 to —0.008) 0.039 0.015
- Adjusted model 2§  —0.566 (—0.862 to —0.271) <0.001  —0.155 (—0.302 to —0.009) 0.038 0.014
- Adjusted model 31  —0.500 (—0.775 to —0.224) <0.001  —0.128 (—0.274 t0 0.019)  0.087 0.030

Prewaking MBPS (mmHg) ~ Morning Indoor Temperature (°C)

- Crude model —0.744 (—1.238 to —0.250) 0.003 —0.252 (—0.466 to —0.038) 0.021 0.055
- Adjusted model 1*  —0.747 (—1.234t0 —0.259) 0.003 —0.248 (—0.461 to —0.035) 0.023 0.058
- Adjusted model 21  —0.762 (—1.250 to —0.275) 0.002 —0.242 (—0.455 t0 —0.029) 0.026 0.044
- Adjusted model 3  —0.650 (—1.135to —0.165) 0.009 —0.218 (—0.429 to —0.007) 0.043 0.062

Sleep-trough MBPS (mmHg) ~ Morning Indoor Temperature (°C)

- Crude model —0.671 (—1.174to -0.167) 0.009 —0.412 (—0.628 to —0.195) <0.001 0.305
- Adjusted model 1*  —0.634 (—1.136 to —0.132) 0.013 —0.381 (—0.594 to —0.168) <0.001 0.333
- Adjusted model 2§  —0.683 (—1.187 to —0.180) 0.008 —0.373 (—0.586 to —0.160) <0.001 0.256
- Adjusted model 31  —0.562 (—1.056 to —0.068) 0.026 —0.353 (—0.564 to —0.141) 0.001 0.320

557

558  * Model 1: adjusted for age, gender, and BML.

559  § Model 2: adjusted for current smoker, ethanol intake, antidepressant use, antihypertensive use,
560  educational status, and household income, in addition to model 1.

561 1 Model 3: adjusted for daytime (for nocturnal SBP dipping) or morning (for MBPS) physical
562  activity, in addition to model 2.

563

564  GDS, geriatric depression scale; B, regression coefficient; CI, confidence interval; SBP, systolic

565  blood pressure; MBPS, morning blood pressure surge; BMI, body mass index

566
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Table S1. Association between the Two-day Average of Indoor Temperature and the Two-

day Average of Mean SBP by Depressive Status

Depressive Non-depressive
(GDS>5,n=216) (GDS <5, n=2860)
B (95% CI) p £ (95% CI) p Dinteraction

Daytime SBP (mmHg) ~ Daytime Indoor Temperature (°C)

- Crude model —0.852 (—1.355t0 —0.349) <0.001 0.045 (—0.211t0 0.300)  0.731 0.002
- Adjusted model 1*  —0.895 (—1.401 to —0.389) <0.001 0.050 (—0.199 t0 0.300)  0.692 0.002
- Adjusted model 2  —0.860 (—1.378 to —0.342) 0.001 0.057 (—0.194t0 0.307)  0.656 0.002
- Adjusted model 31  —0.772 (—1.299 to —0.245) 0.004 0.079 (0.170t0 0.328)  0.533 0.004

Morning SBP (mmHg) ~ Morning Indoor Temperature (°C)

- Crude model —0.963 (—1.557to —0.368) 0.002 —0.058 (—0.351t00.236) 0.701 0.006
- Adjusted model 1*  —0.981 (—1.569 to —0.394) 0.001 —0.024 (—0.309 t0 0.261)  0.870 0.005
- Adjusted model 21  —0.963 (—1.563 to —0.363) 0.002 —0.021 (—0.308 t0 0.265)  0.883 0.005
- Adjusted model 31  —0.899 (—1.498 to —0.299) 0.003 —0.000 (—0.2851t0 0.285)  1.000 0.006

* Model 1: adjusted for age, gender, and BMI.

1 Model 2: adjusted for current smoker, ethanol intake, antidepressant use, antihypertensive use,
educational status, and household income, in addition to model 1.

1 Model 3: adjusted for daytime (for daytime SBP) or morning (for morning SBP) physical

activity, in addition to model 2.

GDS, geriatric depression scale; B, regression coefficient; CI, confidence interval; SBP, systolic

blood pressure; BMI, body mass index



Table S2. Association between the Two-day Average of Indoor Temperature and the Two-

day Average of Diurnal Variation in SBP by Depressive Status

Depressive Non-depressive
(GDS>5,n=216) (GDS <5, n=860)
B (95% CI) P B (95% CI) 14 Dinteraction

Nocturnal SBP Dipping (%) ~ Daytime Indoor Temperature (°C)

- Crude model —0.661 (—0.985to —0.336) <0.001 —0.114 (-0.275t00.047) 0.164 0.003
- Adjusted model 1*  —0.650 (—0.971 to —0.330) <0.001  —0.112 (-0.271 t0 0.046)  0.166 0.002
- Adjusted model 21  —0.666 (—0.993 to —0.340) <0.001  —0.111 (-0.270t0 0.048)  0.171 0.001
- Adjusted model 3  —0.544 (—0.867 to —0.221) 0.001 —0.090 (—0.246t0 0.067)  0.261 0.004

Prewaking MBPS (mmHg) ~ Morning Indoor Temperature (°C)
- Crude model —0.893 (—1.419t0 —0.367) <0.001  —0.211 (-0.4491t0 0.028) 0.084 0.013

- Adjusted model 1*  —0.897 (—1.421to —0.373) <0.001  —0.203 (—0.441 t0 0.035)  0.094 0.014
- Adjusted model 2§  —0.938 (—1.470 to —0.407) <0.001  —0.203 (—0.442 t0 0.036)  0.096 0.009
- Adjusted model 3  —0.882 (—1.413 to —0.351) 0.001 —0.177 (—0.414t0 0.059)  0.142 0.011

Sleep-trough MBPS (mmHg) ~ Morning Indoor Temperature (°C)

- Crude model —0.842 (—1.396 to —0.289) 0.003 —0.318 (—0.557 t0 —0.079) 0.009 0.060
- Adjusted model 1*  —0.806 (—1.362 to —0.250) 0.005 —0.289 (—0.526 to —0.052) 0.017 0.073
- Adjusted model 21  —0.878 (—1.444 to —0.312) 0.003 —0.289 (—0.527t0 —0.052) 0.017 0.049

- Adjusted model 31  —0.779 (—1.336 to —0.222) 0.006 —0.268 (—0.505 to —0.032) 0.026 0.060

* Model 1: adjusted for age, gender, and BMI.

1 Model 2: adjusted for current smoker, ethanol intake, antidepressant use, antihypertensive use,
educational status, and household income, in addition to model 1.

1 Model 3: adjusted for daytime (for nocturnal SBP dipping) or morning (for MBPS) physical

activity, in addition to model 2.

GDS, geriatric depression scale; B, regression coefficient; CI, confidence interval; SBP, systolic

blood pressure; MBPS, morning blood pressure surge; BMI, body mass index



Table S3. Multilevel Linear Regression Analysis of the Association between the Outdoor

Temperature and Mean SBP by Depressive Status

Depressive Non-depressive
(GDS >5) (GDS <5)
B (95% CI) p B (95% CI) P Dinteraction
Daytime SBP (mmHg) ~ Daytime Outdoor Temperature (°C)
- Crude model —0.211 (-0.533t00.112)  0.200 0.011 (-0.143t0 0.166)  0.886 0.240
- Adjusted model 1*  —0.208 (—0.529 t0 0.112)  0.202 0.008 (—0.145t0 0.161) 0.916 0.249
- Adjusted model 21  —0.190 (—0.514t0 0.133)  0.248 0.013 (—0.140t0 0.167)  0.865 0.283

- Adjusted model 33  —0.198 (—0.517t0 0.121)  0.222 0.024 (—0.128t0 0.176)  0.754 0.221

Morning SBP (mmHg) ~ Morning Outdoor Temperature (°C)

- Crude model —0.252 (—0.688t0 0.184)  0.256 0.074 (—0.130t0 0.278)  0.475 0.212
- Adjusted model 1*  —0.249 (-0.676t00.177)  0.251 0.069 (—0.132t00.270)  0.499 0.177
- Adjusted model 21  —0.217 (—0.651t0 0.217)  0.323 0.081 (—0.120t0 0.282)  0.429 0.190
- Adjusted model 31  —0.170 (—0.598 to 0.258)  0.433 0.098 (-0.102t0 0.297)  0.338 0.174

* Model 1: adjusted for age, gender, and BMI.

1 Model 2: adjusted for current smoker, ethanol intake, antidepressant use, antihypertensive use,
educational status, and household income, in addition to model 1.

1 Model 3: adjusted for daytime (for daytime SBP) or morning (for morning SBP) physical

activity, in addition to model 2.

GDS, geriatric depression scale; B, regression coefficient; CI, confidence interval; SBP, systolic

blood pressure; BMI, body mass index



Table S4. Multilevel Linear Regression Analysis of the Association between the Outdoor

Temperature and Diurnal Variation in SBP by Depressive Status

Depressive Non-depressive
(GDS >5) (GDS <5)
B (95% CI) p B (95% CI) p Dinteraction
Nocturnal SBP Dipping (%) ~ Daytime Outdoor Temperature (°C)
- Crude model —0.086 (—0.324t00.152) 0.474 —0.054 (—0.162t0 0.054)  0.327 0.882
- Adjusted model 1*  —0.096 (—0.333 t0 0.141)  0.425 —0.047 (—0.1551t00.060) 0.389 0.785

- Adjusted model 21  —0.124 (—0.359 t0 0.111)  0.297 —0.051 (—0.159t00.057) 0.354 0.666
- Adjusted model 31  —0.146 (—0.375t0 0.083)  0.209 —0.047 (—0.154t00.059) 0.380 0.563

Prewaking MBPS (mmHg) ~ Morning Outdoor Temperature (°C)

- Crude model —0.298 (—0.687t0 0.092)  0.134 —0.130 (—0.323t00.063)  0.186 0.516
- Adjusted model 1*  —0.251 (—0.675t00.174)  0.243 —0.117 (-0.309t0 0.074) 0.230 0.459
- Adjusted model 21  —0.241 (—0.677 t0 0.195)  0.273 —0.123 (—0.316 t0 0.069)  0.209 0.418
- Adjusted model 31  —0.196 (—0.632t0 0.241)  0.375 —0.103 (—0.292 t0 0.085)  0.283 0.395

Sleep-trough MBPS (mmHg) ~ Morning Outdoor Temperature (°C)

- Crude model —0.415 (—0.860t0 0.031)  0.068 —0.077 (—0.268 t0 0.115)  0.432 0.118
- Adjusted model 1*  —0.425 (—0.864 t0 0.014)  0.058 —0.056 (—0.246t0 0.133)  0.558 0.082
- Adjusted model 21  —0.394 (—0.843 t0 0.055)  0.085 —0.061 (—0.251t00.129)  0.530 0.082
- Adjusted model 31  —0.359 (—0.801 to 0.082)  0.110 —0.044 (—0.231t0 0.144)  0.645 0.072

* Model 1: adjusted for age, gender, and BMI.

1 Model 2: adjusted for current smoker, ethanol intake, antidepressant use, antihypertensive use,
educational status, and household income, in addition to model 1.

1 Model 3: adjusted for daytime (for nocturnal SBP dipping) or morning (for MBPS) physical

activity, in addition to model 2.

GDS, geriatric depression scale; B, regression coefficient; CI, confidence interval; SBP, systolic

blood pressure; MBPS, morning blood pressure surge; BMI, body mass index



Table S5. Multilevel Linear Regression Analysis of the Association between the Indoor

Temperature and Mean DBP and PP by Depressive Status

Depressive Non-depressive
(GDS >5) (GDS <5)
B (95% CI) p £ (95% CI) p

Pinteraction

Daytime DBP (mmHg) ~ Daytime Indoor Temperature (°C)
- Crude model —0.369 (—0.628 to —0.109) 0.006 —0.058 (—0.1851t00.069) 0.369

- Adjusted model 1*  —0.447 (—0.700 to —0.194) <0.001  —0.073 (—0.200 t0 0.053)  0.255
- Adjusted model 2§  —0.435 (—0.688 to —0.181) <0.001  —0.073 (—0.199t0 0.054)  0.259
- Adjusted model 31  —0.389 (—0.645 to —0.134) 0.003 —0.045 (—0.170 t0 0.081)  0.485

Daytime PP (mmHg) ~ Daytime Indoor Temperature (°C)
- Crude model —0.437 (—0.780 to —0.095) 0.013 —0.074 (—0.229t0 0.081)  0.350

- Adjusted model 1*  —0.396 (—0.732 to —0.059) 0.022 —0.036 (—0.184t0 0.112)  0.632
- Adjusted model 21  —0.428 (—0.704 to —0.153) 0.002 —0.031 (—0.179t0 0.116)  0.676
- Adjusted model 3  —0.313 (-0.661 to 0.036)  0.078 —0.012 (—0.158t0 0.134)  0.870

0.035
0.023
0.022
0.041

0.067
0.062
0.075
0.094

* Model 1: adjusted for age, gender, and BMI.

1 Model 2: adjusted for current smoker, ethanol intake, antidepressant use, antihypertensive use,

educational status, and household income, in addition to model 1.

1 Model 3: adjusted for daytime physical activity, in addition to model 2.

GDS, geriatric depression scale; P, regression coefficient; CI, confidence interval; DBP, diastolic

blood pressure; PP, pulse pressure; MBPS, morning blood pressure surge; BMI, body mass index
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