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1  | INTRODUC TION

Observational studies have consistently confirmed a direct association 
of weight and weight gain with blood pressure (BP) even within the nor-
mal weight range,1 and randomized trials have confirmed the effects of 
weight loss on improving glycemic control2 and reducing BP in normo-
tensive adults.3-7 However, long-term beneficial effects of intentional 
weight loss on hard clinical outcomes, including total mortality, remain 
unproven. While there are strong theoretical grounds to expect favor-
able effects of weight loss, the Look AHEAD trial found no difference 
in cardiovascular disease incidence by weight loss intervention among 
adults with type 2 diabetes. In addition, some observational studies have 
suggested an increased mortality risk among those at both higher and 
lower weight levels, with the lowest rates among those with BMI be-
tween 25 and 30 kg/m2,8,9 or with BMI between 20 and 25 kg/m2,10,11 
though the latter was attenuated after longer follow-up and among 
never smokers. Controversy remains regarding reverse causation, par-
ticularly illness-related weight loss, and adequacy of attempts to control 
for confounding in these studies of weight at a single point in time.12,13

In this context, studies of weight change can be particularly in-
formative. While weight loss in observational studies may reflect 
underlying change in health status, studies primarily involving inten-
tional weight loss may be less prone to such potential bias. The ob-
jectives of this paper are to assess the effect of randomized weight 
loss interventions during the Trials of Hypertension Prevention 
(TOHP) on subsequent mortality during long-term follow-up and to 
assess the relation of observed changes in weight, presumably inten-
tional, with subsequent long-term mortality among all participants at 
higher baseline weight levels in TOHP.

2  | METHODS

2.1 | TOHP trials

The TOHP follow-up study is an observational follow-up of Phases I 
and II of TOHP and has been described previously.14,15 Phase I of TOHP 
(TOHP I) took place from 1987-1990, and evaluated effects on BP 
over 18 months of four supplement and three lifestyle interventions, 
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including weight loss and sodium reduction.6 Participants included 
2182 men and women aged 30-54 years with diastolic BP between 
80-89 mm Hg. Eligible persons for the weight loss intervention or 
its control group were in the high-weight stratum, defined as body 
mass index (BMI) of 26.1-6.1 kg/m2 for men and 24.3-36.1 kg/m2 for 
women, representing approximately 115%-165% of desirable body 
weight.16 A total of 308 participants were randomized to the active 
weight loss group, with 256 in their usual care comparison group 
(Figure S1A). The net weight change in the weight loss intervention 
group was −8.6 lbs (−3.9 kg) at 18 months.6

In Phase II of TOHP (TOHP II), which took place from 1990-1995, 
a 2 × 2 factorial design was used to assess effects of sodium reduc-
tion and weight loss on BP in 2382 men and women aged 30-54 years 
with diastolic BP of 83-89 who were followed for 3-4 years.7 Eligible 
participant had a BMI in the range 26.1-37.4 kg/m2 for men and 
24.4-37.4 kg/m2 for women. A total of 1192 participants were ran-
domized to the active weight loss intervention, and 1190 to its con-
trol group (Figure S1B). The net weight change in the weight loss 
intervention group was −4.4 lbs (−2.0 kg) at 36 months.

2.2 | Definition of weight change

Analyses of the randomized weight loss intervention compared all 
those randomized to weight or its usual care comparison group in 
both phases. In each study, weight was measured to the nearest 
0.2 kg (0.5 lb) using a calibrated balance beam scale; participants 
wore indoor clothing without shoes. Observational analyses of 
weight change included all those in a high-weight stratum, defined 
as BMI of at least 26 kg/m2 for men and 24 kg/m2 for women, which 
comprised 1481 individuals in TOHP I and all 2382 individuals in 
TOHP II.

Weight change during the trial periods was defined in terms of 
percent change in weight from baseline (randomization) to the end of 
the trial period at either 18 months (TOHP I) or 3-4 years (TOHP II). 
Change was treated as both a continuous variable and in categories 
defined as weight loss >5%, loss <=5% (lost 0%-5%), gain <5% (gained 
0%-5%), and gain >5%. Those gaining <5% served as the reference 
group.

For descriptive purposes, self-reported weight was assessed 
by questionnaire in follow-ups conducted between 2001 and 
2004. Longer-term change in weight was defined as the change 
from trial entry to the first self-reported weight, occurring a me-
dian of 11.8 years from baseline (25th, 75th percentiles = 9.6, 
13.1 years).

2.3 | Mortality follow‐up

We previously conducted an active mail-based follow-up of TOHP 
participants for cardiovascular disease endpoints through early 
2005, including a search of the National Death Index (NDI) for 
deaths through December 2003.14,15 We conducted an additional 
search of the NDI to ascertain deaths through December 2013. In 
the analysis of the randomized weight loss intervention, all-cause 

mortality from the time of randomization was included, with up to 
26 years of follow-up in TOHP I (median = 25.7; 25th, 75th percen-
tiles = 25.5, 26.0) and up to 23 years in TOHP II (median = 22.3; 
25th, 75th percentiles = 22.0, 22.6). The median follow-up for 
both phases was 22.5 years (25th, 75th percentiles = 22.0, 22.8). 
Observational analyses of weight change during the trial periods 
examined mortality following the trials, representing a median 
of 23.9 years for TOHP I (25th, 75th percentiles = 23.9, 23.9) and 
18.8 years for TOHP II (25th, 75th percentiles = 18.8, 18.8), with 
an overall median of 18.8 years (25th, 75th percentiles = 18.8, 
23.9). Observational analyses of weight change excluded 35 indi-
viduals who died or experienced a cardiovascular event during the 
trial periods (Figure S2).

2.4 | Statistical analysis

We first compared individuals randomized to the weight loss in-
tervention vs usual care groups in TOHP I and II. Baseline trial 
characteristics by randomized intervention have previously been re-
ported.6,7,14 Analysis of the effects on total mortality was based on 
the intention-to-treat principle. The hazard ratio (HR) was estimated 
using Cox regression analysis stratified by trial phase and adjusting 
for clinic, age, race, and sex, and randomization to the sodium reduc-
tion intervention in TOHP II. Cumulative incidence curves, adjusted 
for the same factors, were estimated and plotted for each trial. We 
also estimated the cumulative HRs over time in 5-year follow-up 
periods.

In the observational analysis of usual intake, weight change from 
randomization to the end to the trial periods was determined as de-
scribed above. Baseline characteristics by gender were expressed as 
percentages or means and were tested for trend over weight change 
categories using chi-square statistics or regression analysis. We also 
examined self-reported long-term weight change by category of 
short-term weight loss during the trial.

Cox regression analysis was used to estimate the associa-
tion of mortality with weight change in a continuous fashion as 
well as after grouping into the previously described categories. 
Continuous weight change was winsorized at 3 standard devia-
tions to reduce the influence of extreme values in linear models. 
Models were adjusted for clinic, age, sex, race/ethnicity, baseline 
weight and other treatment assignments (model 1), and addition-
ally for education, alcohol use and amount, smoking, exercise, 
family history of cardiovascular disease, and sodium and potas-
sium excretion and their interaction with the sodium intervention 
(model 2). Interactions of weight change with time, phase, gender, 
age, smoking, and the weight loss intervention were examined. 
Penalized splines with four degrees of freedom were used to ex-
amine linearity of effect.

In secondary analyses, similar models were fit for baseline weight 
and BMI among those who were not in a weight loss intervention. All 
analyses were conducted in SAS 9.2 except for the cumulative inci-
dence plots and spline analyses which were conducted in R using the 
coxph function.
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3  | RESULTS

3.1 | Randomized analysis of weight loss 
intervention

Detailed comparisons of baseline characteristics by randomized in-
terventions in TOHP I and II are provided in Tables S1 (by phase) 
and 2 (by phase and gender) in the Appendix. Average age was 42.8 
and 43.6, with 32% and 34% female in TOHP I and II, respectively. 
The average weight at randomization was 209 lbs (95 kg) in men and 
174 lbs (79 kg) in women in TOHP I and 218 lbs (99 kg) in men and 
184 lbs (83 kg) in women in TOHP II. There were net weight reduc-
tions in the weight loss group during the TOHP I (−8.6 lbs [−3.9 kg]) 
and TOHP II (−5.1 lbs [−2.3 kg]) intervention periods, but substantial 
variation in weight change within randomized groups. In TOHP I, the 
median (25th to 75th percentiles) weight change was −7 (−16 to 0) lbs 
in the weight loss group and 0 (−4 to 5) lbs in the usual care group. In 
TOHP II these were 0 (−7 to 7) lbs in the active group and 4 (−2 to 10) 
lbs in the usual care group.

Self-reported weight was provided in 2001-2004 by 1971 par-
ticipants without intervening cardiovascular disease (Table S3), with 
recidivism over time. Those in the active intervention group gained a 
net 5.6 lbs (2.5 kg) over an average 11.6 years in TOHP I and 2.4 lbs 
(1.1 kg) over an average 6.3 years in TOHP II following the trial 

periods. There remained a net lower weight loss of 3.4 lbs (1.5 kg; 
P = 0.12) with the weight loss intervention in TOHP I and 2.8 lbs 
(1.3 kg; P = 0.005) in TOHP II during long-term follow-up.

Over up to 26 years of follow-up, 227 deaths occurred, with 
no apparent differences by randomized intervention (Table 1). 
There was some indication of divergence over time (Figure 1), but 
no significant interaction with time either by phase or overall. In 
analyses of cumulative incidence by follow-up time, there was a 
suggestive 31% reduction in mortality at 15 years (HR = 0.69, 95% 
CI = 0.44-1.06, P = 0.093), but this did not persist in later follow-
up (Figure S2).

3.2 | Observational analysis of weight change

There were 1477 participants meeting the TOHP definition of high 
weight in TOHP I and 2351 in TOHP II, of whom 21% and 50%, 
respectively, were assigned to a weight loss intervention. This in-
cluded 2539 men and 1289 women with a mean weight change 
during the trial of −1.8 lbs (−0.8% of baseline body weight) over 
1.5 years in TOHP I and 1.6 lbs (0.8%) over 3-4 years in TOHP II. 
Of these, 556 (15%) lost >5%, 1101 (29%) lost 0-<=5%, 1567 (41%) 
gained 0%-5%, and 604 (16%) gained >5% in body weight. The av-
erage difference in weight change between the highest and lowest 
weight loss group was 37.3 lbs (16.9) in men and 34.2 lbs (15.5 kg) 

Phase

Number of deaths/ Total (%)

HRa 95% CI PWeight loss Usual care

TOHP I alone 33/308 (10.7) 20/256 (7.8) 1.24 0.70-2.17 0.46

TOHP II alone 83/1192 (7.0) 91/1190 (7.6) 0.92 0.68-1.23 0.57

Combined 116/1500 (7.7) 111/1446 (7.7) 0.97 0.75-1.26 0.84

aFrom Cox regression analysis stratified by trial and adjusted for clinic, age, race, sex, and sodium 
reduction intervention. CI, confidence interval; HR, hazard ratio. 

TA B L E  1   Total mortality from 
randomization in the Trials of 
Hypertension Prevention through 2013 by 
weight loss intervention group

F I G U R E  1   Cumulative mortality curves for TOHP I (left) and TOHP II (right) by randomized weight loss intervention group from Cox 
regression analysis stratified by trial and adjusted for clinic, age, race, sex, and sodium reduction intervention
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in women. While all in TOHP II were assigned to a weight loss in-
tervention or usual care, some in TOHP I were assigned to other 
interventions, other usual care control groups, or placebo. Their 
baseline characteristics were similar to those in the randomized 
usual care group (Table S1).

There were several baseline differences by weight loss group 
(Table 2). Those who lost >5% were more likely to be in an active 
weight loss intervention and in Phase I of TOHP. They were slightly 
older, less likely to be black, and consumed less sodium and more 
potassium. There were small differences in baseline weight among 

TA B L E  2   Baseline characteristics among participants with extended follow-up in the Trials of Hypertension Prevention by categories of 
% weight change during the intervention period

% Weight change

P for TrendLost > 5% Lost 0‐<=5% Gained 0‐<5% Gained 5%+

Men

N 372 788 1050 329

Change in weight during trial (lbs) −20.4 −4.4 4.6 16.9 -

Baseline weight (lbs) 213.9 212.0 214.4 216.7 0.042

Active weight loss intervention (%) 64.5 43.5 27.7 33.7 <0.0001

Active Na reduction intervention (%) 31.4 34.5 36.5 39.8 0.014

TOHP II (%) 53.5 56.4 61.0 79.0 <0.0001

Age (years) 43.4 43.8 43.1 41.6 <0.0001

Black (%) 7.5 9.6 12.3 14.3 0.0007

College (%) 68.8 64.6 67.3 66.3 0.91

Current smoker (%) 8.6 9.1 9.7 9.7 0.50

Past smoker (%) 40.0 42.6 38.1 41.6 0.57

Alcohol (% drinker) 44.4 47.1 48.5 41.0 0.76

Alcohol (drinks/wk among drinkers) 6.7 7.4 7.2 7.2 0.61

Exercise (% ≥once/wk) 72.4 69.0 70.5 76.2 0.26

SBP (mm Hg) 126.3 126.1 126.2 126.0 0.63

DBP (mm Hg) 84.9 85.2 85.3 85.3 0.021

Sodium (mmol/24 h) 169.8 172.6 175.9 186.1 0.0002

Potassium (mmol/24 h) 70.1 67.3 65.5 67.1 0.006

Women

N 184 313 517 275

Change in weight during trial (lbs) −18.0 −4.0 3.8 16.2 -

Baseline weight (lbs) 180.1 181.7 179.4 179.5 0.44

Active weight loss intervention (%) 50.0 40.6 32.7 40.4 0.011

Active Na reduction intervention (%) 32.6 37.4 34.6 41.4 0.13

TOHP II (%) 58.7 63.6 56.9 74.9 0.007

Age (years) 44.2 44.7 43.9 43.3 0.028

Black (%) 22.3 31.0 33.1 32.0 0.033

College (%) 45.1 48.2 44.1 44.0 0.47

Current smoker (%) 11.4 13.1 10.2 10.9 0.50

Past smoker (%) 28.3 25.9 25.2 27.6 0.88

Alcohol (% drinker) 26.6 24.3 23.0 22.2 0.25

Alcohol (drinks/wk among drinkers) 5.1 5.3 5.2 5.4 0.72

Exercise (% ≥once/wk) 62.8 55.8 56.3 58.4 0.50

SBP (mm Hg) 126.7 127.2 127.4 126.8 0.84

DBP (mm Hg) 85.0 84.9 85.1 85.3 0.097

Sodium (mmol/24 h) 130.5 128.9 138.0 143.4 <0.0001

Potassium (mmol/24 h) 53.7 50.0 49.4 51.7 0.25

Data represent means or percentages. DBP, diastolic blood pressure; Na, sodium; SBP indicates systolic blood pressure.
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men only. Differences were somewhat more pronounced in TOHP 
II (Table S4).

When long-term self-reported weight was examined, there was re-
cidivism over time (Table S5). For example, men who lost >5% of weight 
during the trial regained about the same amount over the long-term for 
a net loss of 0.03 lbs; those who gained >=5% continued to gain some 
weight, with a net gain of 20.6 lbs from baseline. Similar results were 
seen in women. The net differences between weight change groups 
remained sizeable with a difference between extreme groups of 20.6 
pounds (9.3 kg) in men and 22.6 lbs (10.3 kg) in women (P < 0.0001).

Those achieving a larger weight loss experienced lower mortality 
following the trials, with P-trend over categories = 0.046 (Table 3). 
Compared to those who gained 0-<5% of body weight, those who 
lost >5% had an 18% lower mortality (HR = 0.82, 95% CI = 0.57-1.18, 
P = 0.29) after adjustment for baseline characteristics. Compared to 
those who gained ≥ 5% body weight, those who lost >5% had a 36% 
reduction in risk (HR = 0.64, 95% CI = 0.41-0.98, P = 0.041). There 
was no interaction with time, and there appeared to be a consistent 
relation with total mortality through follow-up (Figure 2).

When considered as a continuous variable, the HR was 1.14 (95% 
CI = 1.02-1.28, P = 0.019) per 5% increase in weight. No differences 
by subgroups defined by phase, gender, age, smoking, or weight loss 
intervention were apparent (Table S6). In spline analysis (Figure S3) 
there appeared to be a direct relation of percent weight change to 
mortality. In contrast, among those not in a weight loss intervention, 
there was no apparent effect of baseline weight (HR = 1.04 per 10 
lbs, 95% CI = 0.98-1.10, P = 0.21) or baseline BMI (HR = 1.03 per kg/
m2, 95% CI = 0.98-1.08, P = 0.31) on mortality (Figures S4-S5).

4  | DISCUSSION

Observational analysis of the TOHP follow-up found a direct linear 
relationship of percent change in weight during the trial periods 

with later mortality persisting throughout the 19-24 year post-trial 
follow-up. Since these participants were healthy at baseline and 
included in a weight loss, another lifestyle, or a nutritional supple-
ment trial, the weight loss experienced was presumably intentional. 
The persistence of group differences over decades argues against 
reverse causation due to underlying illness.

In contrast, we found no sustained difference in mortality by 
the randomized weight loss intervention over the full follow-up of 
22-26 years. Despite a suggested beneficial effect at 10-15 years 
post-trial, none was seen during longer follow-up. There was recidi-
vism in weight loss, however, leading to attenuation over time, with 
a net difference of 2-3 lbs remaining in self-reported weight after a 
median 12 years after trial end. This likely diminished further over 
longer follow-up. This small difference between randomized groups 
is in contrast to the much larger over 30-lb difference in weight 
between observational weight change categories, and likely led to 
smaller effects for the randomized comparison.

Few weight loss trials have reported long-term effects of the 
trial intervention (randomized analyses) and of weight change (ob-
servational analyses). The Look AHEAD weight loss trial in type 2 
diabetics,2 while attaining a large short-term weight difference, 
had only a 2.6 kg (5.7 lb) between-group difference after 10 years. 
Similar to our trial analyses, there was no overall difference in their 
cardiovascular endpoint or in total mortality, though there was 
some reduction in cardiovascular risk in primary prevention only 
(HR = 0.86, 95%CI = 0.72-1.02). Observational analyses of the Look 
AHEAD trial, however, found an association between the magnitude 
of weight loss over the first year and incidence of cardiovascular dis-
ease over a median 10 years among those with type 2 diabetes.17 In 
TOHP, such differences extended to total mortality over 20 years.

Several observational studies have suggested a U‐ or J‐shaped 
relationship of weight and mortality, including a meta-analysis of 97 
studies,9 an analysis of three large cohorts,18 and an individual partic-
ipant meta-analysis from the Global BMI Mortality Collaboration.19 

TA B L E  3   Total mortality following the Trials of Hypertension Prevention through 2013 by categories of weight change, among 3828 
participants fulfilling eligibility criteria for TOHP wefight loss intervention (high-weight stratum)a

% Weight change

P for trend
HR per 5% 
changeb P valueLoss > 5% Loss 0‐<=5% Gain 0‐<5% Gain 5%+

Deaths/ Total (%)

TOHP I 22/249 (8.8) 44/458 (9.6) 73/632 (11.6) 16/138 (11.6) 0.18

TOHP II 19/307 (6.2) 49/643 (7.6) 55/935 (5.9) 35/466 (7.5) 0.92

Model 1

HR 0.86 0.95 1.00 1.34 0.052 1.14 0.018

95%CI 0.60-1.23 0.72-1.24 (Reference) 0.96-1.86 1.02-1.27

Model 2

HR 0.82 0.94 1.00 1.29 0.046 1.14 0.019

95%CI 0.57-1.18 0.72-1.23 (Reference) 0.92-1.80 1.02-1.28

aFrom Cox proportional hazards regression models stratified by trial phase and adjusted as follows: Model 1 (age, sex, race/ethnicity, clinic, baseline 
weight, and treatment assignments), Model 2 (Model 1 variables plus education status, alcohol use, smoking, exercise, sodium and potassium excretion, 
family history of cardiovascular disease, and interactions of sodium intervention with sodium and potassium). CI, confidence interval; HR, hazard ratio. 
bWeight change is winsorized at 3 standard deviation. 
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Another meta-analysis,20 however, found that an apparent J‐shaped 
curve was attenuated in never smokers and was largely absent 
among healthy never smokers. The association was affected by the 
length of follow-up, suggesting some confounding by pre-diagnostic 
disease, and the J disappeared after 20+ years.

Fewer studies have looked at the impact of weight change and 
later mortality. In the Chicago Western Electric Company Study, 
both weight loss and weight gain were associated with increased 
cardiovascular and all-cause mortality within 15-years of follow-
up, but not in the 16-25 year follow-up period,21 suggesting some 
early reverse causation. Song et al22 examined weight trajectories 
over the life course and found that those maintaining a stable lean 
body shape had the lowest mortality over 15-16 years. A review 
and meta-analysis of weight changes found increased risk of mor-
tality among those experiencing weight loss as well as weight gain.23 
However, a recent analysis of data from large-scale cohorts found a 
monotonically increased risk of major chronic diseases with weight 
change from early to middle adulthood.24 There was a slight increase 
in mortality risk among women who lost more than 2.5 kg, but this 
was erased among never smokers and not seen among men.

Most observational studies cannot distinguish between inten-
tional weight loss and that associated with long-term preexisting 
conditions. In studies that did attempt to examine intentional 
weight loss, findings have been mixed.25-27 Using data from the 
National Health Interview Survey, Gregg et al28 assessed both in-
tentional and unintentional weight change and found lower mortal-
ity among those trying to lose weight, regardless of actual weight 
change, suggesting an impact of healthy behavior and motivation 

rather than actual weight loss. Data from the Atherosclerosis 
Risk in Communities Study (ARIC)29 found that short-term 3-year 
weight loss led to increased immediate risk of coronary heart 
disease and stroke, but longer-term weight loss from age 25 had 
little effect on these outcomes, suggesting that short-term unin-
tentional weight loss may indicate increased risk. However, distin-
guishing deliberate from non-intentional weight loss is difficult in 
observational studies. The TOHP cohorts offered a unique oppor-
tunity to prospectively evaluate the long-term impact of presum-
ably intentional weight loss in a healthy population interested in 
lifestyle interventions.

Some limitations of this analysis should be noted. First, the 
TOHP population was healthy, though pre-hypertensive, and rela-
tively young at 30-54 years at entry. Though likely generalizable, the 
size of effects may not apply to others. Second, the observed bene-
fit of weight change might have resulted from changes in other risk 
factors and behaviors as well as change in weight. It is possible that 
those losing the most weight were more motivated to pursue other 
healthy interventions, including exercise, healthy diet or changes in 
other risk factors and health behaviors. Such data are unavailable 
and therefore not included in our models. Third, the self-reported 
weight obtained in our later follow-up may have been biased due 
to differential follow-up response or misreporting. However, these 
reflect the expected recidivism occurring about a decade after an 
active intervention ended. Finally, we used the NDI only rather than 
active follow-up to obtain information on deaths from 2005 through 
2013, which may have led to some degree of under-ascertainment, 
though we would expect little bias.

These results have research and policy implications. First, 
weight loss studies, even those with short-term interventions of just 
18 months, should be designed with the potential to collect long-
term mortality data. Second, it is important to analyze weight loss 
trials not just by randomized group but also by the level of achieved 
weight loss, especially given the broad range of weight loss that oc-
curs in both active and comparison arms. Third, the potential benefit 
of short-term weight loss on mortality supports reimbursement of 
weight loss interventions.

Note that while the participants in these trials were described 
as having high normal BP, they would now be classified as having 
stage I hypertension according to the 2017 guidelines.30 Weight loss 
is a class I recommendation based on high-quality evidence from 
randomized trials for such patients who are overweight or obese. 
We found that, besides lowering BP, intentional weight loss of 5% 
or more is associated with lower mortality, even with recidivism. 
This should provide some encouragement to patients, even if their 
weight eventually returns to baseline, since they may be preventing 
further weight gain over time.

In conclusion, among healthy individuals taking part in lifestyle 
and nutrition supplement trials, weight change during the trial was 
directly associated with mortality over two decades later. These re-
sults are consistent with a long-term beneficial effect of presumed 
intentional weight loss on total mortality.

F I G U R E  2   Cumulative incidence of total mortality by 
percent weight change categories in observational analysis of all 
participants in the high-weight stratum of TOHP I and II, from 
Cox regression models adjusted for clinic, age, sex, race/ethnicity, 
baseline weight and other treatment assignments, education status, 
alcohol use, smoking, exercise, sodium and potassium excretion, 
family history of cardiovascular disease, and interactions of sodium 
intervention with sodium and potassium
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