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BACKGROUND
The Trial of Nonpharmacologic Interventions in the Elderly (TONE) 
demonstrated the efficacy of weight loss and sodium reduction to 
reduce hypertension medication use in older adults. However, the 
longer-term effects of drug withdrawal (DW) on blood pressure (BP), 
adverse events, and orthostatic symptoms were not reported.

METHODS
TONE enrolled adults, ages 60–80  years, receiving treatment 
with a single antihypertensive and systolic BP (SBP)/diastolic BP 
<145/<85  mm Hg. Participants were randomized to weight loss, 
sodium reduction, both, or neither (usual care) and followed up to 
36  months; ~3  months postrandomization, the antihypertensive 
was withdrawn and only restored if needed for uncontrolled hyper-
tension. BP and orthostatic symptoms (lightheadedness, feeling 
faint, imbalance) were assessed at randomization and throughout 
the study. Two physicians independently adjudicated adverse 
events, masked to intervention, classifying symptomatic (light-
headedness, dizziness, vertigo), or clinical events (fall, fracture, 
syncope).

RESULTS
Among the 975 participants (mean age 66 years, 48% women, 24% 
black), mean (±SD) BP was 128 ± 9/71 ± 7 mm Hg. Independent of 
assignment, DW increased SBP by 4.59 mm Hg (95% confidence in-
terval [CI]: 3.89, 5.28) compared with baseline. There were 113 ad-
verse events (84 symptomatic, 29 clinical), primarily during DW. 
Compared with usual care, combined weight loss and sodium reduc-
tion mitigated the effects of DW on BP (β = −4.33 mm Hg; 95% CI: 
−6.48, −2.17) and reduced orthostatic symptoms long term (odds 
ratio  =  0.62; 95% CI: 0.41, 0.92), without affecting adverse events 
(hazard ratio = 1.81; 95% CI: 0.90, 3.65). In contrast, sodium reduc-
tion alone increased risk of adverse events (hazard ratio = 1.75; 95% 
CI: 1.04, 2.95), mainly during DW.

CONCLUSIONS
In older adults, antihypertensive DW may increase risk of symptomatic 
adverse events, highlighting the need for caution in withdrawing their 
antihypertensive medications.
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• Antihypertensive drug withdrawal 
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Hypertension and its treatment are common among older 
adults1,2 and have been thought to contribute to adverse events 
such as falls.3 Effective blood pressure (BP) treatment often 
requires the combination of multiple classes of BP agents,4 
an approach recommended by hypertension management 
guidelines.5 Nevertheless, emerging evidence has promoted 
the practice of deprescribing medications as advantageous to 
avoid adverse drug events and financial and logistic burdens 
of polypharmacy among older adults.6,7 However, the impact 
and safety of withdrawing antihypertensive medications in 
older adults are understudied.8

The Trial of Nonpharmacologic Interventions in the 
Elderly (TONE) was a randomized controlled trial of hy-
pertension medication withdrawal that tested distinct 
nonpharmacologic replacement strategies (weight loss 
and sodium reduction) in community-dwelling older 
adults prescribed a single antihypertensive medication.9,10 
Ultimately, TONE demonstrated that weight loss and so-
dium reduction, alone or combined, were effective in con-
trolling hypertension compared with usual care over 3 years 
of follow-up.10 Moreover, withdrawal of antihypertensive 
medication did not increase cardiovascular disease (CVD) 
events.11 However, the impact of drug withdrawal (DW) on 
BP control and the safety of DW were not fully examined.12

Our objectives were to determine the impact of 
antihypertensive deprescription on (i) BP, (ii) the composite 
outcome of ad hoc reported adverse clinical and symp-
tomatic events, and (iii) monitored participant-reported 
orthostatic symptoms. We hypothesized that during medi-
cation withdrawal, sodium reduction and weight loss, alone 
or combined, would maintain BP control without adversely 
impacting adverse events or participant-reported symptoms.

METHODS

The data underlying this study will be shared upon rea-
sonable request to the corresponding author.

TONE was an investigator-initiated study conducted 
between August 1992 and June 1994 at 4 academic health 
centers in Maryland, New Jersey, North Carolina, and 
Tennessee and supported by the National Institute on 
Aging and National Heart, Lung, and Blood Institute.9,10 In 
brief, TONE examined weight loss or sodium reduction as 
nonpharmacologic replacement strategies for pharmaco-
logic hypertension treatment in older adults. Institutional 
Review Boards at each institution approved the original 
study design and protocol. All participants provided written, 
informed consent.

Participants

TONE enrolled 975 older adults, aged 60–80 years with 
an average systolic BP (SBP) <145 mm Hg and an average 
diastolic BP (DBP) <85 mm Hg while taking either a single 
antihypertensive medication or a single combination reg-
imen (diuretic and nondiuretic). Adults with a heart attack 
or stroke in the preceding 6 months, congestive heart failure, 
insulin-dependent diabetes, or a serum creatinine >2.0 mg/
dl were excluded.9,10

In the original trial, participants were followed up to 
36 months or until they experienced a primary end point, 
namely, (i) high BP at 1 or more TONE study visits following 
attempted withdrawal of the antihypertensive medication, 
(ii) treatment with an antihypertensive medication, or (iii) 
occurrence of a clinical CVD complication during follow-up 
(myocardial infarction, angina, congestive heart failure, 
stroke, coronary artery bypass surgery, or coronary artery 
angioplasty).9,10 The high BP criteria used to define the pri-
mary endpoint of the trial were (i) a mean SBP of ≥190 mm 
Hg or DBP of ≥110 mm Hg at a single visit (based on 3 BP 
measurements), (ii) a mean SBP of ≥170 mm Hg or DBP of 
≥100 mm Hg over 2 sequential visits (6 BP measurements), 
or (iii) a mean SBP of ≥150 mm Hg or DBP ≥90 mm Hg 
or greater over 3 sequential visits (9 BP measurements). 
Determination of study endpoints was based on an inde-
pendent committee masked to intervention assignment.

Nonpharmacologic drug replacement strategies

Following a factorial design, TONE investigators 
randomized overweight or obese participants to combined 
sodium reduction and weight loss, weight loss alone, sodium 
reduction alone, or usual care (neither intervention), while 
nonoverweight participants were randomized to sodium 
reduction or usual care. The interventions were delivered 
through behavioral counseling administered in small 
group and individual meetings with nutrition and exercise 
counselors. The weight loss strategy focused on achieving 
and maintaining 4.5 kg of weight loss throughout the study 
period, and focused on both Calorie restriction and increased 
physical activity. The sodium reduction strategy provided 
education on low-sodium food patterns to reduce intake to 
less than 1,800 mg of sodium per day. Those assigned usual 
care received no lifestyle counseling. Interventions were 
delivered in 3 phases: intensive (initial 4  months; focused 
on skill acquisition), extended (next 4 months; focused on 
problem solving), and maintenance (up to 28 weeks; fo-
cused on longitudinal engagement). Interventions were 
customized to participant needs over time.

Approximately 3  months after the first group session 
(range 76–104 days), all participants underwent an attempt 
at antihypertensive medication withdrawal using drug-
specific tapering regimens. During this time, participants 
were evaluated weekly and then biweekly to ensure SBP was 
<150 mm Hg and DBP <90 mm Hg.

BP measurement

BP was measured during the randomization visit (prior to 
intervention initiation) and every 3 months throughout the 
study. During the DW phase (months 3–6), BP was meas-
ured weekly and then biweekly. BP could also be measured 
ad hoc as part of monitoring visits to follow-up on con-
cerning measurements. These ad hoc visits were grouped 
with the nearest scheduled visit. BP was measured 3 times in 
the seated position after a 5-minute wait by trained observers 
using Hawksley random-zero sphygmomanometers defined 
by the first (for SBP) and fifth (for DBP) Korotkoff sounds. 
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We used the following groupings of visits to indicate study 
phase: randomization visits (the visit at or just before the 
randomization date), visits after randomization and up 
through the first DW visit, visits after the first DW visit up 
through the 9-month visit, the 12- to 18-month visits, and 
the 21- through 36-month visits.

Adverse symptomatic or clinical events

During the trial, adverse symptomatic or clinical events 
were reported either during scheduled visits or ad hoc (i.e., 
by contacting clinical sites between scheduled visits at the 
discretion of the participant) and documented by study 
physicians in event logs. The date of each event was recorded. 
For this analysis, 2 physicians (S.P.J. and J.L.C.) blinded to 
randomized assignment separately reviewed the event logs, 
classifying events as the composite of symptomatic events 
(dizziness, lightheadedness, or blacking out/presyncope) or 
clinical events (fall, fracture, or syncope). If both symptoms 
and clinical events were present, these events were classified 
as clinical events. Discrepancies were adjudicated by a third 
independent physician (K.J.M.). Our study focused on the 
time-to-event after the date the nonpharmacologic replace-
ment strategies were initiated and included recurrent events. 
The number of events was tabulated according to study 
phase, as described previously.

Scheduled participant-reported orthostatic symptoms

Distinct from event adjudication, participants underwent 
scheduled assessments where they were asked about ortho-
static symptoms. This occurred during the randomization 
visit, DW visits (up to as many as 3 visits), and the 6-, 9-, 18-, 
and 30-month visits. Participants were asked about feeling 
lightheaded when standing up, faintness or dizziness at rest, 
and balance problems (never, mild, moderate, severe). These 
symptoms were treated as dichotomous variables (present 
or absent) as well as a composite variable (any of the 3 vs. 
none of the 3). We included monitoring visits or additional 
DW visits as available provided they occurred after random-
ization. These ad hoc visits were grouped with the nearest 
occurring visit, as previously described.

Other covariates

Participants reported age, sex, and race (black, non-black). 
Body mass index (kg/m2) was derived from measured height 
and weight, and obesity was defined as a body mass index 
≥30 kg/m2. Diabetes history (yes or no) and smoking status 
(current, yes or no) were self-reported.

Statistical analysis

We described baseline population characteristics by DW 
assignment using means (SD) and proportions.

Blood pressure  We used generalized estimating equa-
tions (GEE) to estimate change in BP over time (GEE using 
a normal family and identity link). These models were 

adjusted for baseline obesity status and field center and used 
a treatment-by-study phase interaction term to determine 
change in BP compared with baseline and to compare across 
randomized assignment at specific study phases. Values of 
the study phase were based on the mean follow-up time for 
each grouping of visits (0 for the randomization visit, 3.8 
for pre-DW, 5.9 for post-DW through the 9-month visits, 
15.2 for the 12- to 18-month visits, and 25.7 for the 21- to 
36-month visits). Overall effects between assignments were 
determined using models with a follow-up variable (0 for 
the randomization visit or 1 for all visits after randomiza-
tion) in place of a study phase variable. Comparisons were 
performed relative to baseline or the usual care assignment. 
The interventions were compared individually (weight loss, 
sodium reduction, or weight loss and sodium reduction) and 
according to TONE’s factorial design (weight loss [yes/no] 
or sodium reduction [yes/no]).

Adverse events  We examined incident and recurrent ad-
verse events reported after randomization. Cumulative inci-
dence over time was visualized via a cumulative incidence 
curve according to randomized assignment. We determined 
the incidence rate per 10 person-years of a composite of ad-
verse events (symptomatic events and falls or fracture or 
syncope) according to randomized assignment (individual 
and factorial) using Poisson regression, adjusted for baseline 
obesity status and field center. We determined the hazard 
ratio of adverse events according to randomized assignment 
(individual and factorial) using Cox proportional hazards 
models, following the Andersen–Gill approach for multiple 
failure survival analysis.13,14 The proportionality assump-
tion for the primary outcome was assessed using Schoenfeld 
residuals (estat phtest command). Poisson and Cox models 
were repeated for symptomatic events, clinical events, or 
falls alone.

Monitored participant-reported orthostatic symptoms  
We used GEE to estimate the proportion feeling lightheaded 
when standing up, faintness or dizziness at rest, and balance 
problems, or any of these 3 symptoms over time by deter-
mining the mean of each symptom as a binary outcome 
(GEE with normal family, identity link). These models were 
adjusted for baseline obesity status and field center and used 
a treatment-by-study phase interaction term to determine 
change compared with baseline across randomized assign-
ment at each study phase. Values of the study phase were 
based on the mean follow-up time for each grouping of 
visits (0 for the randomization visit, 3.9 for pre-DW, 7.2 for 
post-DW through the 9-month visits, 18.3 for the 18-month 
visit, and 30.3 for the 30-month visit). We also examined the 
effect of the interventions on symptoms postrandomization 
using GEE (binomial family, logit link) adjusted for baseline 
obesity status, field center, and a treatment-by-follow-up 
variable (0 for randomization visit or 1 for all visits after 
randomization) in place of a study phase variable, using 
the usual care assignment as the reference group. The 
interventions were compared with the usual care group in-
dividually (i.e., weight loss vs. usual care, sodium reduction 
vs. usual care, or weight loss and sodium reduction vs. usual 
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care) and according to TONE’s factorial design (i.e., weight 
loss vs. usual care or sodium reduction vs. usual care).

All analyses were performed with Stata version 15.1 (Stata 
Corporation, College Station, TX). A 2-tailed P value <0.05 
was considered statistically significant.

RESULTS

Baseline characteristics

Baseline characteristics of the participants of TONE are 
shown in Table 1. Differences in weight status were ex-
pected, given the trial design. Otherwise, there were min-
imal differences across the randomized groups.

Effects of study phase on BP

With the exception of usual care, BP decreased after ran-
domization prior to DW, but then increased during DW 
regardless of assignment and remained elevated for the du-
ration of the study (Figure 1a,b; Supplementary Table ST1 
online). After randomization and before DW, usual care had 
no effect on SBP (−0.5; 95% confidence interval [CI]: −1.9, 
0.9  mm Hg) (Supplementary Tables ST2–ST4 online). In 
contrast, prior to DW, mean SBP was reduced by weight loss 
(−3.6; 95% CI: −5.9, −1.3 mm Hg), sodium reduction (−3.6; 
95% CI: −4.9, −2.2 mm Hg), and the combination of weight 
loss and sodium reduction (−4.9; 95% CI: −7.1, −2.6  mm 
Hg). During DW compared with baseline, the greatest in-
crease in mean SBP was observed among those assigned 
usual care (7.3; 95% CI: 6.0, 8.5 mm Hg), while the lowest 
increase in mean SBP was observed among those assigned 
the combined weight loss and sodium reduction interven-
tion (1.8; 95% CI: −2.0, 3.8  mm Hg). However, over time, 
increases in SBP ranging from 3 to 7 mm Hg were observed 
among all groups compared with baseline. Effects on DBP 
were similar (Supplementary Table ST3 online).

Effects of nonpharmacologic replacement strategies on BP

Compared with usual care, sodium reduction mitigated 
the effects of DW on SBP by 1.79 mm Hg (95% CI: −3.44, 
−0.14). The combination of weight loss and sodium reduc-
tion mitigated the effects of DW on SBP by 4.33  mm Hg 
(95% CI: −6.48, −2.17) (Table 2) and on DBP by 2.47 (95% 
CI: −3.88, −1.06), compared with usual care.

Effects of nonpharmacologic replacement strategies on 
adverse events

There were 113 adverse events (affecting 95 distinct 
participants): 84 symptomatic events (affecting 72 participants) 
and 29 clinical events (affecting 26 participants); of the clin-
ical events, 21 were falls (affecting 19 participants). There were 
5 fractures, all among participants with falls, and 12 syncopal 
events with 6 among participants with falls. The majority of events 
(36 of 113) occurred during the DW phase (Figure 2). Across 
the usual care, weight loss, sodium reduction, and combined 
weight loss and sodium reduction groups, incidence rates were 
5.2, 5.4, 5.4, and 5.7 per 10 person-years (Table 3). Compared 
with usual care, sodium reduction significantly increased the 
risk of adverse events (hazard ratio 1.76; 95% CI: 1.04, 2.95), 
which was predominantly driven by symptomatic events when 
subcomponents were examined. None of the assignments were 
associated with clinical events or specifically just falls.

Monitored participant-reported orthostatic symptoms

Compared with baseline, weight loss combined with 
sodium reduction tended to decrease the proportion of 
participants reporting lightheadedness or any of the 3 
symptoms (Supplementary Figure SF1 online). Compared 
with usual care, weight loss combined with sodium reduc-
tion lowered the odds of lightheadedness (odds ratio 0.59; 
95% CI: 0.37, 0.93), feeling faint (odds ratio 0.22; 95% CI: 
0.09, 0.58), or any symptom (odds ratio 0.62; 95% CI: 0.41, 

Table 1.  Baseline characteristics of trial participants overall and according to randomized assignment

Overall, N = 975 Usual care, N = 341 Weight loss, N = 147 Sodium reduction, N = 340 Combination, N = 147

Age, mean (SD), y 65.8 (4.6) 65.9 (4.5) 65.8 (4.7) 65.8 (4.6) 65.7 (4.8)

Women, % 47.8 46.9 51.0 49.1 43.5

Black race, % 23.6 24.0 26.5 21.8 23.8

Systolic blood 
pressure, mm Hg

128.2 (9.3) 127.6 (9.4) 129.1 (9.1) 128.3 (9.4) 128.4 (9.4)

Diastolic blood 
pressure, mm Hg

71.4 (7.3) 71.3 (7.2) 71.5 (7.8) 71.3 (7.4) 71.5 (6.8)

Normal blood 
pressurea, %

17.1 18.2 15.0 17.4 16.3

Obesity, % 60.0 43.1 100.0 42.4 100.0

Diabetes, % 4.2 3.6 4.1 5.4 2.7

Current smoking, 
%

5.3 5.9 2.7 5.3 6.8

aSystolic blood pressure <120 mm Hg and diastolic blood pressure <80 mm Hg. Only 963 participants provided baseline diabetes informa-
tion; thus, the denominators for diabetes across randomized assignments were 334 for usual care, 146 for weight loss, 336 for sodium reduc-
tion, and 147 for the combination of weight loss and sodium reduction.

http://academic.oup.com/ajh/article-lookup/doi/10.1093/ajh/hpab171#supplementary-data
http://academic.oup.com/ajh/article-lookup/doi/10.1093/ajh/hpab171#supplementary-data
http://academic.oup.com/ajh/article-lookup/doi/10.1093/ajh/hpab171#supplementary-data
http://academic.oup.com/ajh/article-lookup/doi/10.1093/ajh/hpab171#supplementary-data
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0.92) (Table 4). Sodium reduction was also associated with 
a lower odds of feeling faint (odds ratio 0.42; 95% CI: 0.20, 
0.87); however this effect was primarily observed prior to 
DW (Supplementary Tables ST5 and ST6 online).

DISCUSSION

In this trial of nonpharmacologic strategies to replace 
antihypertensive medication use in older adults, weight loss 

and sodium reduction, alone and combined, lowered BP 
compared with usual care prior to DW. However, BP rose 
during DW and was higher than baseline in all randomized 
groups. The adverse effects of DW on BP were mitigated by 
sodium reduction, alone or combined with weight loss; how-
ever, sodium reduction alone was associated with a higher 
risk of symptomatic adverse events (i.e., dizziness, light-
headedness, blacking out/presyncope), mostly in the context 
of DW. In contrast with respect to longer-term, monitored 

Figure 1.  Mean mm Hg (95% CI) for (a) systolic blood pressure (SBP) and (b) diastolic blood pressure (DBP) according to randomized intervention 
throughout the TONE trial: usual care (UC, circle), weight loss (WL, diamond), sodium reduction (SR, triangle), and both weight loss and sodium reduction 
(Comb, square). Point estimates are shown by study visit: RV (randomization visit), P (visits prior to drug withdrawal), D (drug withdrawal visits, 6-month 
visits, and 9-month visits), 12–18 (12-, 15-, and 18-month visits), and 21–36 (21-, 24-, 27-, 30-, 33-, and 36-month visits). Point estimates are positioned 
according to the median follow-time corresponding to each cluster of visits. Number of visits contributing to each point estimate is found in Supplement 
Table ST3. Note that participants were censored if they experienced the primary outcome (which included high blood pressure). All means are adjusted 
for obesity status and clinic center. Abbreviations: CI, confidence interval; TONE, Trial of Nonpharmacologic Interventions in the Elderly.

Table 2.  Effects of interventions on mean blood pressure across the whole trial, N = 975 participants (13,925 study visits for systolic blood 
pressure and 12,924 visits for diastolic blood pressure)

Change in systolic blood pressure, mm Hg

P

Change in diastolic blood pressure, mm Hg

Pβ (95% CI) β (95% CI)

All groups

  Usual care Reference — Reference —

  Weight loss −2.46 (−4.55, −0.37) 0.021 −0.98 (−2.50, 0.54) 0.21

  Sodium reduction −1.79 (−3.44, −0.14) 0.034 −0.50 (−1.50, 0.50) 0.33

  Weight loss and sodium reduction −4.33 (−6.48, −2.17) <0.001 −2.47 (−3.88, −1.06) 0.001

Factorial design—weight loss

  No weight lossa Reference — Reference —

  Weight loss −2.49 (−4.00, −0.98) 0.001 −1.48 (−2.51, −0.44) 0.005

Factorial design—sodium reduction

  No sodium reductiona Reference — Reference —

  Sodium reduction −1.81 (−3.20, −0.42) 0.011 −0.79 (−1.68, 0.09) 0.08

Change in follow-up blood pressure was modeled using a generalized estimating equation adjusted for baseline obesity status, field center, 
and baseline systolic or diastolic blood pressure. Interaction terms between weight loss and sodium reduction were nonsignificant. Abbreviation: 
CI, confidence interval.

aNo weight loss includes usual care and sodium reduction. No sodium reduction includes usual care and weight loss.

http://academic.oup.com/ajh/article-lookup/doi/10.1093/ajh/hpab171#supplementary-data
http://academic.oup.com/ajh/article-lookup/doi/10.1093/ajh/hpab171#supplementary-data
http://academic.oup.com/ajh/article-lookup/doi/10.1093/ajh/hpab171#supplementary-data
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symptoms, weight loss combined with sodium reduc-
tion was associated with fewer self-reported orthostatic 
symptoms during scheduled assessments without increasing 
the risk of clinical events (i.e., falls, fractures, or syncope). 
These findings highlight the short-term risks associated with 
DW in older adults.

Polypharmacy has been cited as an independent risk 
factor for adverse events in older adults.15,16 Prior work in 
TONE demonstrated the ability of lifestyle interventions 
to maintain BP <150  mm Hg without increasing risk for 
CVD events.11 However, TONE was not designed to test for 
differences in CVD events across interventions. Given the 
poorer long-term BP control demonstrated by our study 
and seen by others6 as well as new evidence of the value of 
more aggressive BP lowering in older adults17,18 and small 
population-wide reductions in BP,19 whether deprescription 
of antihypertensive medications is safe is an important ques-
tion raised by the present study.

Our study showed an increased risk of symptomatic events 
among older adults that were assigned to the sodium reduc-
tion strategy. However, sodium reduction was also associated 

with a lower odds of feeling faint prior to DW. Moreover, the 
majority of adverse events occurred during the DW period. 
Together, these findings reinforce the observations of others 
that the immediate time surrounding drug changes are among 
the highest risk periods for adverse events in older adults.20–22 
Moreover, it suggests that substitution of BP medications 
with lifestyle interventions, particularly sodium reduction, 
is not without risks. As the decision to deprescribe is com-
plex and ideally linked with shared patient values, our study 
reinforces the importance of vigilance when antihypertensive 
medications are being withdrawn (or changed).

Participant-reported orthostatic symptoms assessed 
during scheduled BP assessments did not reflect popula-
tion risks for adverse events. Similar discordance has been 
observed for BP measured during monitoring visits and out-
side of the clinic in other studies.23 In some respects, this 
demonstrates the challenge of clinic-based assessments for 
predicting clinic events as scheduled clinic visits may inher-
ently select for less symptomatic times in a person’s life. In 
other words, an individual may cancel or reschedule their 
visit if they are not feeling well. This also highlights the 

Figure 2.  Cumulative incidence curves portraying risk of (a) any adverse events, (b) orthostatic symptoms, (c) falls, fracture, or syncope, or (d) falls with 
the number at risk according to the 4 randomized assignments over the 36-month trial surveillance period: usual care (UC), weight loss (WL), sodium re-
duction (SR), or combined weight loss and sodium reduction (Combined). Participants were censored if they reported an event or administratively (as a 
result of developing the primary outcome in the study or at 36 months). N is the number of recurrent events reported during each study phase. Pre-drug 
withdrawal (DW) is the study period after randomization and up to and including the visit initiating DW. DW includes all DW visits after drug withdrawal 
began up to and including the 12-month visit. In the event that study phases were not clearly labeled (6 orthostatic symptoms or adverse events, 2 or-
thostatic symptoms, 4 adverse events, 3 falls), we relied on the mean follow-time for first DW (3.5 months) and last DW (5.1 months).
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Table 3.  Effects of randomized intervention on symptomatic events (dizziness, lightheadedness, or blacking out/presyncope) and clinical 
events (fall, fracture, or syncope), N = 975

Incidence rate (per 10 person-years)a Hazard ratio (95% CI) P

Any adverse event, N = 113

  All groups

    Usual care 5.2 (4.4, 6.0) Reference —

    Weight loss 5.4 (4.3, 6.6) 1.39 (0.66, 2.91) 0.38

    Sodium reduction 5.4 (4.6, 6.1) 1.75 (1.04, 2.95) 0.035

    Weight loss and sodium reduction 5.7 (4.3, 7.0) 1.81 (0.90, 3.65) 0.10

  Factorial design—weight loss

    No weight lossb 5.3 (4.7, 5.8) Reference —

    Weight loss 5.6 (4.6, 6.5) 1.17 (0.70, 1.95) 0.55

  Factorial design—sodium reduction

    No sodium reductionb 5.3 (4.6, 5.9) Reference  

    Sodium reduction 5.5 (4.8, 6.1) 1.58 (1.04, 2.41) 0.032

Symptomatic events, N = 84

  All groups

    Usual care 3.7 (2.7, 4.8) Reference —

    Weight loss 3.2 (2.1, 4.2) 1.13 (0.48, 2.66) 0.78

    Sodium reduction 3.9 (3.0, 4.7) 1.77 (0.97, 3.23) 0.065

    Weight loss and sodium reduction 4.9 (3.2, 6.5) 2.16 (0.96, 4.87) 0.062

  Factorial design—weight loss

    No weight lossb 3.8 (3.1, 4.5) Reference —

    Weight loss 4.1 (3.1, 5.2) 1.20 (0.65, 2.21) 0.57

  Factorial design—sodium reduction

    No sodium reductionb 3.5 (2.7, 4.3) Reference —

    Sodium reduction 4.2 (3.4, 4.9) 1.82 (1.12, 2.94) 0.015

Fall, fracture, or syncope, N = 29

  All groups

    Usual care 1.1 (0.3, 2.0) Reference —

    Weight loss 1.8 (0.5, 3.1) 2.06 (0.54, 7.91) 0.29

    Sodium reduction 1.1 (0.6, 1.7) 1.71 (0.67, 4.39) 0.26

    Weight loss and sodium reduction 0.7 (−0.1, 1.5) 0.89 (0.21, 3.80) 0.87

  Factorial design—weight loss

    No weight lossb 1.1 (0.6, 1.6) Reference —

    Weight loss 1.2 (0.4, 1.9) 1.09 (0.40, 2.99) 0.87

  Factorial design—sodium reduction

    No sodium reductionb 1.4 (0.6, 2.1) Reference —

    Sodium reduction 1.0 (0.5, 1.5) 1.07 (0.48, 2.41) 0.87

Falls, N = 21

  All groups

    Usual care 0.5 (−0.2, 1.1) Reference —

    Weight loss 1.6 (0.2, 3.0) 4.23 (0.73, 24.59) 0.11

    Sodium reduction 1.0 (0.5, 1.5) 3.32 (0.93, 11.90) 0.065

    Weight loss and sodium reduction 0.5 (−0.2, 1.1) 1.40 (0.20, 9.76) 0.73
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limitations of episodic clinic-based assessments and the im-
portance of more comprehensive monitoring of health in the 
home environment.24

Our study has limitations. First, adverse events like 
falls were not a primary focus of TONE. As a result, some 
descriptions were incomplete, and it is possible events 
were missed during the study. This could conservatively 
bias our findings toward the null. With only 21 fall events, 
we had limited power to detect associations between the 
interventions and falls. Moreover, orthostatic hypoten-
sion was not measured, which can differ from symptoms 
with regard to their associations with adverse outcomes.25 
Given the ad hoc reporting of these events, mechanistic in-
formation about the cause of the events (e.g., phlebotomy 
or physical assessments) were not available. Subsequent 

studies should focus on mechanisms for falls, particularly 
through formal assessments of orthostatic hypotension. 
Second, participants were censored when they restarted 
their antihypertensive medication. As a result, the impacts 
of DW on BP control are likely underestimated. Moreover, 
whether restarting medications contributed to orthostatic 
symptoms and adverse events cannot be determined in our 
study. Third, there was no direct comparison of individuals 
undergoing similar lifestyle interventions for whom DW 
was not attempted. However, this is mitigated to some extent 
by the within-person pre- vs. postwithdrawal comparisons. 
Fourth, although each intervention assignment gener-
ally consisted of a similar number of scheduled clinical 
contacts, the trial allowed for some degree of customization 
of visits to meet the needs of individual participants. Thus, 

Table 4.  Effect of randomized intervention on self-reported orthostatic symptomsa

Lightheadedness,  

N = 556 instances

Faint, N = 186  

instances

Imbalance, 

N = 513  

instances

Combination, 

N = 843  

instances

OR (95% CI)b OR (95% CI)b OR (95% CI)b OR (95% CI)b

All groups

  Usual care Reference Reference Reference Reference

  Weight loss 1.23 (0.70, 2.16) 0.62 (0.22, 1.74) 0.88 (0.56, 1.40) 0.89 (0.59, 1.33)

  Sodium reduction 1.07 (0.72, 1.58) 0.42 (0.20, 0.87) 0.84 (0.58, 1.21) 0.87 (0.62, 1.21)

  Weight loss and sodium reduction 0.59 (0.37, 0.93) 0.22 (0.09, 0.58) 0.70 (0.43, 1.14) 0.62 (0.41, 0.92)

Factorial design—weight loss

  No weight lossc Reference Reference Reference Reference

  Weight loss 0.78 (0.55, 1.12) 0.58 (0.31, 1.09) 0.86 (0.62, 1.20) 0.79 (0.60, 1.04)

Factorial design—sodium reduction

  No sodium reductionc Reference Reference Reference Reference

  Sodium reduction 0.86 (0.62, 1.20) 0.41 (0.23, 0.75) 0.83 (0.61, 1.12) 0.81 (0.62, 1.06)

Interaction terms between weight loss and sodium reduction were nonsignificant. Abbreviations: CI, confidence interval; OR, odds ratio.
aN = 975 participants with 4,842 visits for lightheadedness, 4,841 visits for faint, 4,833 visits for imbalance, and 4,843 visits for any combi-

nation of symptoms.
bOdds of symptoms were modeled using generalized estimating equations, adjusted for baseline obesity status, field center, and baseline 

symptom corresponding to the outcome (i.e., lightheadedness, faint, imbalance, or the combination).
cNo weight loss includes usual care and sodium reduction. No sodium reduction includes usual care and weight loss.

Incidence rate (per 10 person-years)a Hazard ratio (95% CI) P

  Factorial design—weight loss

    No weight lossb 0.8 (0.3, 1.2) Reference —

    Weight loss 1.0 (0.2, 1.7) 1.31 (0.39, 4.39) 0.66

  Factorial design—sodium reduction

    No sodium reductionb 0.8 (0.2, 1.5) Reference —

    Sodium reduction 0.8 (0.4, 1.2) 1.33 (0.49, 3.63) 0.58

Incidence rates were modeled using Poisson regression adjusted for baseline obesity status and field center. Relative risk of adverse events 
was modeled using Cox proportional hazards models adjusted for baseline obesity status and field center. Abbreviation: CI, confidence interval.

aNote while mathematically the confidence interval is negative, this should be interpreted as zero as an incidence rate cannot be negative.
bNo weight loss includes usual care and sodium reduction. No sodium reduction includes usual care and weight loss.

Table 3.  Continued
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it is possible that there were a greater number of scheduled 
visits for some participants than others, which could have 
influenced the reporting of adverse events. Fifth, interactions 
with participants differed by phase of the study with the 
highest frequency occurring during the DW phase. This 
design feature could contribute to increased surveillance 
and event reporting during the DW phase. Thus, temporal 
inferences about the direct effects of DW on events should 
be interpreted cautiously, although our results may suggest 
that the increased surveillance during this period was clini-
cally warranted. Finally, generalizability to more frail or in-
stitutionalized older adults as well as adults with diabetes, 
heart failure, chronic kidney disease, or recent CVD events, 
who were excluded from TONE is unclear.

Our study has strengths. First, TONE is one of the largest 
trials of nonpharmacologic drug replacement strategies in 
older adults with excellent follow-up and adherence rates. 
Second, TONE randomized participants to 2 of the most 
evidenced-based lifestyle interventions for BP reduction: 
weight loss and sodium reduction,26 allowing us to examine 
the causal effects of these interventions on adverse events. 
Finally, repeated measurements up to 36  months allowed 
us to determine within-person changes in BP control and 
symptoms over nearly 3 years.

Our study has clinical implications. Hypertension 
affects over 75% of adults over age 65  years and 60% 
of older adults are actively treated for hypertension.1,27 
Given the independent association of polypharmacy 
with adverse events in older adults, deprescription of 
antihypertensive medications has been a natural focus in 
aging populations.28,29 Moreover, antihypertensive agents 
have been associated with falls leading many to advocate 
strongly for more lenient BP goals in this population.30 
However, our study demonstrates that deprescribing 
not only worsened BP control, but is not itself without 
risks, likely due to short-term changes in BP regulation. 
Given the challenge of maintaining consistency in some 
lifestyle interventions like sodium reduction, due to the 
pervasive and often unrecognized availability of high 
sodium-dense foods,31 it is possible that deprescribing 
could result in greater BP variability, increasing the oc-
currence of symptomatic events associated with fall risk. 
This combined with recent observations from the Salt 
Substitute and Stroke Study (SSaSS) that reductions in 
SBP of 3–4 mm Hg were associated with reduced risk of 
stroke and all-cause mortality,19 should raise questions 
about the safety of antihypertensive deprescription in 
older adults.

In conclusion, antihypertensive DW increases BP and may 
increase risks of symptomatic adverse events in older adults 
short term. These findings highlight a need for caution when 
withdrawing antihypertensive medications in older adults.
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