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Blood Pressure Reactivity to the Cold Pressor Test Predicts
Hypertension Among Chinese Adults: The GenSalt Study
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BACKGROUND

Blood pressure (BP) hyper-reactivity to the cold pressor test (CPT) has
been suggested as a predictor of hypertension. We examined whether
BP reactivity to the CPT was associated with hypertension incidence
among the Genetic Epidemiology Network of Salt Sensitivity (GenSalt)
study participants from China.

METHODS

A total of 1,961 GenSalt study participants without any antihyper-
tensive treatment completed the CPT at the baseline examination.
Hypertension status was assessed at baseline (2003-2005) and 2 fol-
low-up visits (2008-2009 and 2011-2012).

RESULTS

After adjustment for multiple covariates, both systolic BP (SBP) and
diastolic BP reactivity to the CPT were significantly associated with
hypertension incidence. For example, the multivariable adjusted
odds ratios (ORs, 95% Cl) of developing hypertension were 0.92
(0.66, 1.29), 1.42 (1.03, 1.97), and 1.45 (1.05, 2.00) for participants with

Hypertension has become an enormous global health
burden because of its high prevalence and related risk for
cardiovascular disease and premature death.? Early detec-
tion of individuals at high risk for hypertension is crucial
for its prevention. Cardiovascular hyperreactivity to stress
has been hypothesized as an important risk factor for the
development of hypertension and cardiovascular disease.
The cold pressor test (CPT), which measures blood pres-
sure (BP) reactivity to the stimulus of external cold, has been

maximum SBP responses of 6.7-12.0, 12.1-19.2, and =19.3mm Hg,
respectively, compared to those with responses of <6.7 mm Hg (P for
trend = 0.006). Likewise, the multivariable-adjusted ORs (95% Cl) of
hypertension were 1.12 (0.79, 1.57), 1.62 (1.15, 2.29), and 1.82 (1.30,
2.55) for participants with the area under the curve of SBP responses
of 3.0-16.0, 16.1-29.9, and = 30.0 mm Hg-min, respectively, compared
to those with responses of < 3.0 mm Hg-min (P for trend = 0.0001). The
associations between BP reactivity variables and the risk of hyperten-
sion were not different among subgroups of sex, age, and baseline
BP levels.

CONCLUSIONS
BP hyperreactivity to the cold stimulus may predict the risk of hyperten-
sion among Chinese adults.

Key Words: blood pressure; hypertension; risk factors; stress; sympathetic
nervous system.
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commonly used for the evaluation of cardiovascular reactiv-
ity to stress in normotensive and hypertensive subjects. In
addition, BP reactivity to the CPT has been demonstrated
to be a reproducible characteristic. Although individuals’
response to the CPT may increase with aging, they tend to
stay in a low or high track of response among people of the
same age.>™

Previous longitudinal studies have shown inconsistent
findings with respect to the association between individual
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reactivity to the CPT and risk for hypertension.®'> A recent
study has reported racial and sex differences in the association
of BP reactivity to the CPT with the development of hyperten-
sion. Specifically, the effect of cold pressor reactivity on the risk
of hypertension was apparent among whites and women, but
not among blacks or men.!> However, most previous studies
only had 1 BP reading during the CPT, which was used to assess
BP response to the stress test. A single BP measure during the
CPT might not fully reflect the variation of BP reactivity among
individuals. In addition, few studies have been conducted to
examine the association between BP response to the CPT and
the future risk for hypertension among the Chinese population.

In this study, we examined the association between BP
reactivity to the CPT and the development of hypertension
during a follow-up of more than 7 years among the Chinese
participants of the Genetic Epidemiology Network of Salt
Sensitivity (GenSalt) study. Participants’ BP levels were
measured at multiple time points during the CPT in the
GenSalt study, which enabled a more comprehensive assess-
ment of BP reactivity during the CPT. In addition, a previous
GenSalt report showed that women, older age, and higher
usual BP levels were associated with greater BP response
during the CPT.!® Therefore, we also examined whether
the association of BP reactivity to the CPT with the risk of
hypertension varied by these factors.

METHODS
Study subjects

All the study participants were from the GenSalt study,
which was conducted in northern rural China. The GenSalt
study was designed to identify genetic and environmental
risk factors for BP responses to dietary sodium and potas-
sium interventions and to the CPT.'” A community-based BP
screening was conducted among persons aged 18-60 years in
the study villages to identify potential probands with systolic
BP (SBP) of 130-160mm Hg and/or diastolic BP (DBP) of
85-100mm Hg and no use of antihypertensive medications.
Probands and their parents, siblings, offspring, and spouses
were recruited for the GenSalt study. Individuals who were
older than 60 years; had stage 2 hypertension, secondary
hypertension, or a history of clinical cardiovascular disease,
diabetes, or chronic kidney disease; were using antihyper-
tensive medication; or were pregnant were excluded from the
CPT. A total of 1,961 study participants completed the CPT
during baseline examination of the GenSalt study from 2003 to
2005. Two follow-up visits of the participants were conducted
in 2008-2009 and 2011-2012, respectively. Among the 1,937
and 1,920 surviving participants with the CPT data at base-
line, 1,759 (90.8%) and 1,698 (88.4%) were re-examined in the
2 follow-up visits, respectively. Institutional review boards at
all participating institutes approved the GenSalt study. Written
informed consent was obtained from each study participant.

Data collection at baseline and follow-up visits

During the GenSalt baseline examination, a standard
questionnaire was administered by trained staff to obtain
data on demographic characteristics, medical history, and
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lifestyle risk factors, including cigarette smoking, alcohol
drinking, and physical activity. Current cigarette smoking
was defined as having smoked >100 cigarettes during a life-
time and smoking at survey, while current alcohol drinking
was defined as consumption of 12 or more drinks in the past
12 months. The physical activity information obtained from
the questionnaire was converted to metabolic equivalent
hours per day. Body weight, height, and waist circumference
were measured according to a standard protocol.

The CPT was conducted using a standardized protocol by
trained and certified technicians during the baseline exami-
nation in 2003-2005. After the participant had remained
seated for 20 minutes, 3 pre-CPT BP measurements were
obtained using a standard mercury sphygmomanometer on
the right upper arm before the ice water immersion. Then,
participants immersed their left hand in the ice water bath
(3-5 °C) to just above the wrist for 1 minute. BP measure-
ments at 0, 1, 2, and 4 minutes were obtained using a stand-
ard mercury sphygmomanometer on the right upper arm
after the left hand had been removed from the ice water bath.

During both baseline and follow-up visits, 3 BP measure-
ments were obtained by trained and certified technicians
every morning during 3 consecutive days using a random-
zero sphygmomanometer according to a standard protocol.
BP was measured with the participant in the sitting position
after a 5-minute rest. Additionally, participants were advised
to avoid alcohol, coffee/tea, cigarette smoking, and exercise
for at least 30 minutes before their BP measurements. The
mean of the 9 BP measurements was calculated to assess indi-
vidual hypertension status for baseline and follow-up visits.
Hypertension was defined as SBP > 140 mm Hg and/or DBP
> 90mm Hg or use of antihypertensive medications. Stage 2
hypertension was defined as SBP > 160 mm Hg and/or DBP
> 100mm Hg or use of antihypertensive medications.

Statistical analysis

Maximum response and the total area under the curve
(AUC) were used to measure the magnitude of individual
response to the CPT at baseline. Maximum response was
defined as the largest BP difference between BP at any of the
4 CPT tested time points (0, 1, 2, and 4 minutes after hand
removal from the ice water) and pre-CPT BP. Most partici-
pants achieved maximum BP response at 0 minutes after
hand removal from the ice water (92.3% and 82.1% of par-
ticipants for SBP and DBP responses, respectively). The total
AUC of BP response above pre-CPT BP levels was defined
as the difference between the area under the response curve
and the area below pre-CPT BP levels (from the time point
of immersing the hand in ice water to 4 minutes post-CPT).
The AUC of BP response to the CPT summarizes the magni-
tude of BP increase from pre-CPT to peak response and its
recovery from peak response.

Means or percentages of baseline characteristics were
calculated overall and by sex. In the association analyses
between BP response variables and hypertension incidence,
subjects with complete BP data during either follow-up
visit were included. Because the exact time of hypertension
onset could not be determined, the typical time-to-event
analysis (survival analysis) was not appropriate for our data.
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Therefore, a mixed effects logistic regression model was
used to assess the association between BP reactivity to the
CPT and hypertension incidence. The assessments of hyper-
tension status during the 2 follow-up visits were treated as
repeated measurements in these mixed models. The correla-
tion within families of the GenSalt study was also accounted
for in these models. Specifically, the study participants and
family relationships were treated as random effects, with par-
ticipants nested within families. For the analyses of incident
hypertension, the participants diagnosed with hypertension
at baseline were excluded. Because all the participants were
free of stage 2 hypertension at baseline, no participants were
excluded from the analyses of incident stage 2 hypertension.
Multiple covariates, including sex, age, field centers, follow-
up duration, body mass index (BMI), baseline BP, educa-
tion, current cigarette smoking and alcohol drinking status,
and physical activity, were adjusted in the mixed models.
Multivariable-adjusted hypertension incidences were calcu-
lated by quartiles of BP reactivity variables, and odds ratios
(ORs) for hypertension were also compared among quar-
tiles using the lowest quartile of each BP reactivity variable
as the reference group. To test for linear trend, the median
BP response in each response variable quartile was treated
as a continuous variable in mixed models. To further test
for linear association between BP reactivity to the CPT and
hypertension incidence, BP response variables were treated
as continuous variables in mixed models. These BP response
variables were continuously and nearly normally distrib-
uted among the study participants.'® The risks for hyperten-
sion associated with a 1 standard deviation (SD) increase in
response variables were calculated to compare the magni-
tude of effects by different response variables. Specifically,
each response variable was divided by its SD and the new

variable was used as the explanatory variable in mixed effects
logistic regression models. The exponential of the coefficient
for the new variable would be the OR associated with 1 SD
change in the corresponding response variable. The associa-
tions of BP reactivity to the CPT and hypertension incidence
were also tested according to subgroups of sex, age, and
baseline BP levels. The difference in the associations among
subgroups was tested by adding interaction terms of these
subgroup variables with BP reactivity variables in the mixed
models. The Proc Glimmix procedures in SAS (version 9.2;
SAS Institute, Cary, NC) were used to perform the general-
ized linear mixed model analyses.

RESULTS

Characteristics of the participants and BP reactivity to the
CPT at baseline are presented in Table 1. Men had greater
BMI, higher levels of education and physical activity, and
higher rates of smoking and drinking. SBP and DBP were
higher for men than women. During the CPT at baseline,
women exhibited greater maximum SBP response than men.

In general, all of the 4 BP reactivity variables were posi-
tively associated with the risk of hypertension in this study.
Figures 1 and 2 show that the incidence of overall hyperten-
sion and stage 2 hypertension over the 7.4-year follow-up
period consistently increased from the lowest quartile to the
highest quartile of each BP reactivity variable. Compared
with the lowest quartile of each reactivity variable (Table 2),
the ORs for hypertension increased from the second to the
highest quartile, and the linear trends were significant even
after adjusting for multiple covariates (all P values for trend
<0.002). The same trend was also observed for BP reactivity
and stage 2 hypertension (all P values for trend < 0.01).

Table 1. Participants’ characteristics and blood pressure responses to the CPT at baseline

Variables Overall (N =1,961) Women (N = 924) Men (N = 1,037) P value®
Age, years 39.9+10.2 39.6+10.2 40.1+£10.2 0.18
Body mass index, kg/m? 23.3+3.2 2SESEHI N 23.1+£3.2 0.03
Secondary school or higher, % 64.8 49.8 78.2 <0.0001
Current cigarette smoking, % 31.6 0.3 59.4 <0.0001
Current alcohol drinking, % 29.8 3.0 53.6 <0.0001
Physical activity, MET 23.8+11.5 21.5+10.7 259+11.8 <0.0001
SBP, mm Hg 117.4+14.8 115.6+16.0 119.1+134 <0.0001
DBP, mm Hg 73.7+£10.4 71.7£10.5 75.5+9.9 <0.0001
Blood pressure 2 140/90mm Hg, % 10.1 8.8 1.4 0.03
Response measures to CPT
Maximum SBP response, mm Hg 13.9£10.2 14.7£10.4 13.3%£9.9 0.02
Maximum DBP response, mm Hg 7.8+6.2 7.9+6.5 7.7£5.9 0.94
Total AUC of SBP, mm Hg-min 17.2+22.9 17.4+23.5 17.0£22.4 0.84
Total AUC of DBP, mm Hg-min 10.9+£16.7 10.3+17.2 11.4£16.2 0.07

Values are presented as mean + standard deviation or percentage.

Abbreviations: AUC, area under the curve; CPT, cold pressor test; DBP, diastolic blood pressure; MET, metabolic equivalent per week; SBP,

systolic blood pressure.
apP values for comparisons between women and men.
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Figure 1. Multivariable-adjusted hypertension incidence over the 7.4-year follow-up by the quartiles of BP responses to the CPT among 1,762 partici-
pants without hypertension at baseline. Black bars show the 95% Cl for incidence. Hypertension was defined as SBP =140 mm Hg or DBP =90 mm Hg, or
taking antihypertensive medications. Sex, age, field centers, follow-up duration, body mass index, baseline BP, education, current cigarette smoking and
alcohol drinking status, and physical activity were adjusted. BP, blood pressure; Cl, confidence interval; DBP, diastolic blood pressure; SBP, systolic blood

pressure.
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Figure 2. Multivariable-adjusted stage 2 hypertension incidence over the 7.4-year follow-up by the quartiles of BP responses to the CPT among
1,961participants without stage 2 hypertension at baseline. Black bars show the 95% Cl for incidence. Stage 2 hypertension was defined as SBP >160 mm
Hg or DBP =100 mm Hg, or taking antihypertensive medications. Sex, age, field centers, follow-up duration, body mass index, baseline BP, education, cur-
rent cigarette smoking and alcohol drinking status, and physical activity were adjusted. BP, blood pressure; Cl, confidence interval; DBP, diastolic blood

pressure; SBP, systolic blood pressure.

Taking the BP response variables as continuous variables,
we calculated the ORs for hypertension associated with a 1
SD increase in each response variable in the overall popu-
lation (Table 3) and by subgroups of sex, age, and baseline
BP levels (Table 4). Overall, all of the 4 BP response vari-
ables were positively associated with the risk of hyperten-
sion after adjusting for multiple covariates (model 3). In
addition, the association between BP response to the CPT
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and hypertension incidence did not differ among these sub-
groups after correcting for multiple testing (Table 4).

DISCUSSION

In this study, we observed a significant positive asso-
ciation between BP reactivity to the CPT and hypertension
incidence among the GenSalt participants. To the best of
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Table 2. Hypertension risk by quartiles of blood pressure reactivity variables

Quartiles of
reactivity

Odds ratio (95% CI) for hypertension?

Odds ratio (95% CI) for stage 2 hypertension®

Model 1¢

Model 2¢

Model 3¢

Model 1°¢

Model 2¢

Model 3¢

Maximum SBP response, mm Hg

<6.7 1 (reference) 1 (reference) 1 (reference) 1 (reference) 1 (reference) 1 (reference)
6.7-12.0  0.81(0.59,1.11)  0.78 (0.57,1.07)  0.92(0.66,1.29)  0.93(0.62,1.42)  0.91 (0.59, 1.39)  1.06 (0.69, 1.62)
12.1-19.2 1.34(0.98,1.83)  1.26(0.93,1.72)  1.42(1.03,1.97)  1.40(0.95,2.07) 1.32(0.89,1.96)  1.56 (1.05, 2.34)
>19.3 1.34 (0.98, 1.84) 1.30 (0.95, 1.78) 1.45 (1.05, 2.00) 1.76 (1.22, 2.53) 1.72 (1.19, 2.48) 1.79 (1.22, 2.61)
P for trend 0.01 0.02 0.006 0.0002 0.0005 0.0009

Maximum DBP response, mm Hg

<3.3 1 (reference) 1 (reference) 1 (reference) 1 (reference) 1 (reference) 1 (reference)
3.3-6.7 0.95(0.70,1.30)  0.92(0.67,1.27)  1.08(0.76,1.52)  1.06 (0.74,1.51)  1.08 (0.75, 1.56)  1.32(0.89, 1.94)
6.8-11.2  1.20(0.87,1.65)  1.18(0.85,1.63)  1.45(1.03,2.04)  1.17(0.81,1.71)  1.19(0.81,1.75)  1.41(0.92, 2.15)
2113 1.31(0.96,1.78) 125(0.91,172) 1.75(1.25,245)  141(0.98,2.03) 1.39(0.96,2.03)  1.82(1.20,2.76)
P for trend 0.04 0.07 0.0002 0.05 0.07 0.006

Total AUC of SBP, mm Hg-min

<3.0 1 (reference) 1 (reference) 1 (reference) 1 (reference) 1 (reference) 1 (reference)
3.0-16.0  0.88(0.64,1.21)  0.87(0.63,1.19)  1.12(0.79,1.57)  0.79(0.52,1.20)  0.79 (0.52, 1.20)  0.87 (0.56, 1.35)
16.1-29.9 1.28(0.92,1.78)  1.21(0.88,1.68)  1.62(1.15,2.29)  1.12(0.73,1.71)  1.06 (0.69, 1.62)  1.48 (0.95, 2.30)
230.0 1.33 (0.97, 1.84) 1.34 (0.97, 1.85) 1.82 (1.30, 2.55) 1.46 (0.98, 2.16) 1.43 (0.97, 2.12) 1.64 (1.08, 2.49)
P for trend 0.02 0.02 0.0001 0.02 0.03 0.004

Total AUC of DBP, mm Hg-min

<1.0 1 (reference) 1 (reference) 1 (reference) 1 (reference) 1 (reference) 1 (reference)
1.0-10.0  0.87(0.63,1.19)  0.87 (0.63,1.19)  0.94(0.67,1.30)  0.92 (0.62,1.35)  0.95(0.64, 1.40)  1.08 (0.72, 1.63)
10.1-19.9  1.10(0.80,1.52)  1.07 (0.78, 1.47)  1.36(0.96,1.93)  1.05(0.73,1.51)  1.04 (0.72, 1.50)  1.27 (0.84, 1.93)
220.0 1.05 (0.75, 1.46) 0.99 (0.71, 1.39) 1.51 (1.07, 2.12) 1.10 (0.75, 1.62) 1.10 (0.74, 1.63) 1.66 (1.09, 2.55)
P for trend 0.48 0.76 0.004 0.48 0.55 0.01

Abbreviations: AUC, area under the curve; Cl, confidence interval; CPT, cold pressor test; DBP, diastolic blood pressure; SBP, systolic blood

pressure.

aHypertension was defined as SBP 2140 mm Hg or DBP = 90 mm Hg, or taking antihypertensive medications.

bStage 2 hypertension was defined as SBP > 160 mm Hg or DBP = 100 mm Hg, or taking antihypertensive medications.
°Model 1: Age, sex, field center, and the duration of follow-up were adjusted.

dModel 2: In addition to the covariates in Model 1, body mass index, education, current cigarette smoking, alcohol drinking, and physical
activity were adjusted.
eModel 3: In addition to the covariates in Model 2, baseline blood pressure was adjusted.

our knowledge, our study provides the first evidence that
BP reactivity to cold stress may predict hypertension in the
Chinese population. In addition, BP reactivity to the CPT
might be used to predict the risk of hypertension in both
women and men, young to older adults, and persons with
different baseline BP levels.

It has been hypothesized that individuals who exhibit
a large BP response to cold stress are at increased risk for
hypertension.'® Some early efforts failed to identify the rela-
tionship between BP reactivity to the CPT and the incidence
of hypertension.®~*!! Although the negative findings of early
studies may be partially accounted for by insufficient statisti-
cal power due to small sample sizes (less than 200), the latest
studies with larger sample sizes still obtained inconsistent
study results.!'"** In addition, the Coronary Artery Risk
Development in Young Adults Study (CARDIA) reported

American Journal of Hypertension 28(11) November 2015

a potential racial difference in the relationship between BP
reactivity to cold stress and risk for hypertension. In their
study, BP reactivity to cold stress could predict hyperten-
sion among whites, but not among blacks during a 13-year
follow-up of the CARDIA participants.'®

We did not observe that the association between BP
response to the CPT and hypertension incidence varied
among the subgroups of sex, age, and baseline BP levels in
the Chinese population. Specifically, we did not observe a
sex difference in the effects of CPT reactivity on hyperten-
sion incidence, which has been reported in the CARDIA
study.’® In addition, we did not observe any differences
in the associations between BP reactivity to the CPT and
incident hypertension by age groups. This finding does not
support the conclusion of a previous study among Japanese
subjects, which reported that the CPT only predicted the

1351
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Table 3. Hypertension risk associated with a 1 standard deviation increase in blood pressure reactivity variables

Model 12 Model 2° Model 3¢
Reactivity variable OR (95% CI) P value OR (95% CI) P value OR (95% CI) P value
Hypertension®
Maximum SBP response 1.25 (1.07, 1.46) 0.005 1.23 (1.06, 1.43) 0.008 1.28 (1.10, 1.50) 0.001
Maximum DBP response 1.19 (1.03, 1.36) 0.02 1.16 (1.00, 1.34) 0.05 1.35(1.17, 1.56) < 0.0001
Total AUC of SBP 1.12 (1.02, 1.22) 0.01 1.11 (1.01, 1.21) 0.02 1.21 (1.10, 1.32) < 0.0001
Total AUC of DBP 1.07 (0.99, 1.15) 0.10 1.04 (0.96, 1.13) 0.29 1.18 (1.08, 1.28) < 0.0001
Stage-2 hypertension®
Maximum SBP response 1.39(1.18, 1.63) < 0.0001 1.38 (1.17, 1.62) < 0.0001 1.38 (1.16, 1.65) 0.0003
Maximum DBP response 1.30 (1.10, 1.54) 0.003 1.26 (1.06, 1.50) 0.008 1.40 (1.16, 1.69) 0.0004
Total AUC of SBP 1.13 (1.02, 1.25) 0.02 1.12 (1.02, 1.24) 0.02 1.18 (1.06, 1.31) 0.003
Total AUC of DBP 1.08 (0.98, 1.19) 0.12 1.07 (0.97, 1.17) 0.21 1.19 (1.08, 1.32) 0.0007

Abbreviations: AUC, area under the curve; Cl, confidence interval; CPT, cold pressor test; DBP, diastolic blood pressure; OR, odds ratio; SBP,

systolic blood pressure; SE, standard error.

aModel 1: Age, sex, field center, and the duration of follow-up were adjusted.
®Model 2: In addition to the covariates in Model 1, body mass index, education, current cigarette smoking, alcohol drinking, and physical

activity were adjusted.

®Model 3: In addition to the covariates in Model 2, baseline blood pressure was adjusted.
dHypertension was defined as SBP > 140mm Hg or DBP = 90 mm Hg, or taking antihypertensive medications.
eStage 2 hypertension was defined as SBP 2160 mm Hg or DBP 2100 mm Hg, or taking antihypertensive medications.

hypertension incidence among subjects aged >40 years.!?
Two previous studies conducted in school children aged
7-17 years or young adults aged 18-30 years identified
significant associations between BP reactivity to the CPT
and future hypertension.'®"> Collectively, these data indi-
cated that BP reactivity to the CPT predicted hypertension
incidence across all age groups. Finally, we did not observe
that the effects of the BP reactivity on hypertension inci-
dence varied among individuals with different BP levels at
baseline.

Our study has several strengths. First, standardized proto-
cols for the CPT and BP measurements were used through-
out the study. Second, BP response to the CPT has been
shown as a long-term reproducible and stable characteristic
in the GenSalt participants.® Third, multiple BP readings were
obtained during the CPT, which enabled a more comprehen-
sive assessment of individuals’ BP reactivity to the stress. Our
study is the first to involve the area under the BP response
curve in testing the association between BP reactivity and the
risk of hypertension, which integrates the magnitude of BP
increase from pre-CPT to peak response and its recovery from
peak response. Fourth, multiple regression analyses were used
to adjust for potential confounding factors. For example, ciga-
rette smoking and alcohol drinking have been associated with
hypertension and increased sympathetic nerve activity,!*-2
which is the major mechanism regulating cardiovascular reac-
tivity to the CPT. However, they were not well controlled in
previous studies testing the association between BP response
to the CPT and hypertension incidence. Finally, the large com-
munity-based prospective study design enhanced generaliz-
ability of these findings among the Chinese population. The
racial difference in the association between BP response to the
CPT and hypertension incidence reported by the CARDIA
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study may suggest that genetic factors play an important role
in the association. Previous studies have suggested that the
variation of individuals’ response to the CPT is substantially
explained by genetic components.?** Considering the shared
genetic background among Chinese and Asians, our study
findings may be valid for Chinese Americans and even other
Asian Americans as well.

Nevertheless, our study does have limitations. Our data
could not elucidate mechanisms underlying the observed
associations. The exaggerated sympathetic nervous system
response during the cold stimulus has been considered one of
the major mechanisms mediating the cardiovascular response
to the CPT.26? Sympathetic stimulation is known to be a
trophic factor for vascular hypertrophy. During the CPT, the
cold stimulus can induce a-adrenergic vasoconstriction with
increased total peripheral resistance.?® It has been suggested
that frequent surges of sympathetic activity may develop into
sustained increased total peripheral resistance and then hyper-
tension.”” However, a recent study failed to observe significant
associations between the level of catecholamine, an arterial
sympathetic nervous transmitter, measured during the CPT,
and subsequent BP levels.*® Other mechanisms may also be
involved in the pathogenesis of exaggerated reactivity of BP
to stress leading to hypertension, such as endothelial dysfunc-
tion.!® The value of the application of the CPT for identifying
high risk individuals for hypertension at the population level
or in clinical settings is uncertain. Further studies investigating
the mechanisms underlying the relationship between BP reac-
tivity to cold stress and the development of hypertension are
likely to identify novel biomarkers and pharmaceutical targets
for the prevention and treatment of hypertension. In addition,
we compared the baseline characteristics of the subjects who
missed follow-up visits with those of participants who were
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followed. Participants lost to follow-up tended to be younger,
were more likely to be male, and had a lower BMI, but had sim-
ilar baseline BP levels and BP responses to the CPT, compared
to those who participated in follow-up visits. The high follow-
up rates in our study further suggest that the loss to follow-up
is not likely to have significantly influenced our study results.

This is the first report that linked BP reactivity to cold
stress and risk for hypertension in the Chinese population.
The CPT may be a useful predictor for hypertension among
both women and men, young and older adults, and persons
with different baseline BP levels. Future studies are war-
ranted to elucidate the underlying mechanisms of BP hyper-
reactivity and the risk of hypertension.
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