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A B S T R A C T   

Objective: The effect of body weight variability (BWV) and body weight change (BWC) in high-risk individuals 
with hypertension, but without diabetes mellitus (DM) remains unclear. We examined the effect of BWV and 
BWC on the primary outcome [the composite of myocardial infarction (MI), other acute coronary syndromes, 
stroke, acute decompensated heart failure (HF), or cardiovascular (CV) death] and all-cause mortality in the 
Systolic Blood Pressure Intervention Trial (SPRINT). 
Methods: In this post-hoc analysis, we used multivariate Cox regression models to examine the risk associated 
with BWV and BWC for the primary outcome in SPRINT. BWV was defined as the intra-individual average 
successive variability (ASV). BWC was defined as baseline weight minus final weight. 
Results: A total of 8714 SPRINT participants (mean age 67.8 ± 9.4 years, 35.1 % women, 58.9 % Whites) with 
available data on body weight were included. The median follow-up was about 3.9 years (IQR, 3.3–4.4). In 
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multivariable-adjusted Cox models, each 1 unit standard deviation (SD) of BWV was significantly associated with 
a higher risk for the primary outcome, all-cause mortality, HF, MI, and stroke [HR(95 % CI)]: 1.13 (1.07–1.19; p 
< 0.0001), 1.22 (1.14–1.30; p < 0.0001), 1.16 (1.07–1.26; p < 0.001), 1.10 (1.00–1.20; p = 0.047), and 1.15 
(1.05–1.27; p = 0.005), respectively. Similarly, each 1 unit SD of BWC was significantly associated with a higher 
risk of the primary outcome, all-cause mortality, MI, and HF: 1.11(1.02–1.21; p = 0.017), 1.44 (1.26–1.65; p <
0.0001), 1.16 (1.01–1.32; p = 0.041) and 1.19 (1.02–1.40; p = 0.031) respectively. However, there was no 
significant association with CV death (for both BWV and BWC) or stroke (BWC). 
Conclusion: In high-risk hypertension, BWV and BWC were both associated with higher risk of the primary 
outcome and all-cause mortality. These results further stress the clinical importance of sustained weight loss and 
minimizing fluctuations in weight in hypertension.   

1. Introduction 

Obesity is a major public health problem with an estimated preva-
lence of over 40 % among U.S. adults [1]. Weight loss is an important 
component in the management of hypertension among individuals with 
co-existing obesity or those who are overweight [2]. Unfortunately, at-
tempts to lose weight are often followed by cycles of weight loss and 
weight gain [3]. Previous studies in various patient populations have 
linked such intra-individual variability in weight with an increased risk 
for cardiovascular disease and death, independent of other factors [4,5]. 
However, it is still unknown whether a similar effect occurs in older 
high-risk individuals with hypertension but without DM. The U.S pop-
ulation is becoming much older, with nearly one in five U.S. residents 
aged 65 and older by 2030 [6]. Therefore, it is important to explore 
factors that may influence outcomes in older patient populations. 

In this post-hoc analysis, we used data from the Systolic Blood 
Pressure Intervention Trial (SPRINT), which enrolled high-risk, older 
individuals (age ≥ 50 years) with hypertension but without DM, to 
examine the effect of weight variability and weight change on the trial 
outcomes [7]. SPRINT compared the benefit of treatment of systolic 
blood pressure (SBP) to a target of less than 120 mm Hg with treatment 
to a target systolic SBP of less than 140 mm [7,8]. We hypothesized that 
higher weight variability and weight change during the study follow-up 
would be associated with increased rates of cardiovascular events and 
all-cause mortality. 

2. Methods 

2.1. Study design and population 

The rationale, protocol, and results of SPRINT have been published 
[7]. In summary, SPRINT was a randomized, controlled, open-label trial, 
including 9361 non-diabetic U.S. adults who were at least 50 years of 
age, at high cardiovascular risk, with hypertension with SBP 130–180 
mmHg at enrollment. Increased cardiovascular risk was defined by one 
or more of the following: clinical or subclinical cardiovascular disease 
other than stroke; chronic kidney disease, excluding polycystic kidney 
disease, with an estimated glomerular filtration rate (eGFR) of 20 to less 
than 60 ml per minute per 1.73 m2 of body surface area, calculated with 
the use of the four variable Modification of Diet in Renal Disease 
equation [9]; a 10-year risk of cardiovascular disease of 15 % or greater 
on the basis of the Framingham risk score [10]; or an age of 75 years or 
older. One of the exclusion criteria in SPRINT was unintentional weight 
loss greater than 10 % in the last 6 months. Participants were random-
ized into intensive treatment arm with goal SBP <120 mmHg or stan-
dard treatment arm with goal SBP <140 mmHg. The primary efficacy 
endpoint SPRINT was defined as the composite of myocardial infarction, 
other acute coronary syndromes, stroke, acute decompensated heart 
failure, or death from cardiovascular causes. Secondary efficacy end-
points comprised the individual components of the primary endpoint 
(stroke, acute decompensated heart failure, and cardiovascular death) 
and death from any cause. A structured interview was used in both 
groups every 3 months to obtain self-reported cardiovascular disease 
outcomes [8]. 

The primary endpoint of this post-hoc analysis was the SPRINT pri-
mary outcome, which was defined as the composite of myocardial 
infarction, other acute coronary syndromes, stroke, acute decom-
pensated heart failure, or death from cardiovascular causes. All SPRINT 
participants provided written informed consent for participation in the 
trial. The trial was approved by the institutional review board at each 
site and was registered with ClinicalTrials.gov. For the purposes of this 
analysis, we included 8714 participants on whom data on serial body 
weight measurements during SPRINT study period was available. The 
de-identified dataset was obtained from the National Heart, Lung, and 
Blood Institute’s Biologic Specimen and Data Repository Information 
Coordinating Center after the study was approved by the institutional 
review board at the Wake Forest School of Medicine. 

2.2. Body weight variability and body weight change 

Body weight was measured at baseline and annually during the 
follow-up period. All body weights were measured during the study 
visits at the participating centers. The predictor variables for this anal-
ysis were variability in weight and weight change. We used a prior 
defined formula for body weight variability [11]. We used average 
successive variability, defined as the absolute difference between suc-
cessive values, as the primary body weight variability measurement. 
Body weight change was computed as baseline weight minus 
final/close-out weight (kg). We restricted our analysis to participants 
who had completed at least four weight measurements. We excluded 
participants (n = 647) who had missing body weight measurements. 

2.3. Ascertainment of clinical outcomes 

A detailed protocol for ascertainment of outcomes in SPRINT has 
been previously published [7]. Briefly, a structured interview was used 
every 3 months to obtain self-reported cardiovascular disease and 
all-cause mortality outcomes using a standardized protocol with 
centralized monitoring by the coordinating center. The interviewers 
were aware of SBP treatment group assignment, to minimize ascer-
tainment bias, they used the same format for interviews. Medical records 
and electrocardiograms were obtained for documentation of events. 
Whenever clinical site staff became aware of a death, a standard pro-
tocol was used to obtain information on the events. 

2.4. Covariates 

In the SPRINT study, trained study personnel ascertained baseline 
sociodemographic data, comorbid conditions, and antihypertensive 
medications during the screening or randomization visit. Fasting blood 
and urine samples were collected at that time. Serum and urine creati-
nine were measured using an enzymatic procedure and an auto- 
analyzer. Urine albumin was measured using an immuneturbidometric 
method on an auto-analyzer. All assays were performed in a single 
SPRINT central laboratory [7]. 
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2.5. Statistical analysis 

The SPRINT trial cohort included in the analysis was first classified 
into low BWV and high BWV using average successive variability (ASV). 
Low BWV category was defined as those below the median ASV, and 
high BWV was defined as those equal or greater than median ASV. The 
baseline demographic, risk factors, and clinical characteristics were 
assessed according to the two BWV categories using analysis of variance 
for normally distributed continuous variables or Wilcoxon rank sum 
analysis for non-normally distributed continuous variables, and chi- 
square test for categorical variables. Continuous variables were re-
ported as mean and standard deviation (SD) or median and interquartile 
range (IQR) for skewed variables, and n (%) for categorical variables. 

We used Kaplan-Meier analysis to determine the event-free survival 
of participants with low and high BWV for the primary outcome and all- 
cause mortality. Next, we used Cox proportional hazards analysis to 
examine the association between BWV and BWC and our outcomes of 
interest. BWV and BWC were each introduced into our models as 
continuous variables to calculate Cox proportional hazard ratios (HR) 
for outcomes per 1 unit SD. Furthermore, BWC was categorized into 
stable weight (<5 % change in body weight), weight loss (>5 % weight 
loss) and weight gain (>5 % weight gain) and performed Cox analysis 
using stable weight as the reference group. 

We also conducted additional analysis using quartiles of BWV and 
BWC. 

Two models were used, with model 1 being unadjusted and model 2 
adjusting for age, sex and race/ethnicity and baseline covariates 
including smoking status, average SBP, average diastolic blood pressure, 
body mass index (BMI), number of antihypertensive agents, history of 
cardiovascular disease, urine albumin-creatinine ratio, fasting glucose, 

total cholesterol, low-density lipoprotein cholesterol (LDL-C), high- 
density lipoprotein cholesterol (HDL-C), triglycerides, study arm 
assignment, and time between initial and final body weight measure-
ment. We further stratified analysis by age <75 or ≥75 years at enrol-
ment. This analysis was performed to answer the question of whether 
BWV is more detrimental in an individual who is ≥75 years of age. 

A two-sided P-value < 0.05 was considered statistically significant, 
and all statistical analyses were performed using SAS version 9.4 (SAS 
Institute Inc., Cary, NC, USA). 

3. Results 

A total of 8714 (mean age ± SD, 67.8 ± 9.4 years, 35.1 % women, 
58.9 % Whites) of the SPRINT participants were included in the analysis. 
The average successive variability (ASV) in this cohort was 2.38 kg (IQR, 
1.5–3.7). Compared to participants with low BWV (ASV <2.38 kg), those 
with high BWV (ASV ≥ 2.38 kg) were more likely to be men, younger, 
current smokers and have a higher BMI (Table 1). A total of 7703 (88.4 
%) participants had their weight measured at least four times during the 
study period. The change in body weight experienced by participants 
was 0.73 kg (IQR, − 2.49–4.13). The time between initial and close-out 
weight measurements was 3.8 years (IQR, 3.3–4.4). After a median 
follow-up of about 3.9 years (IQR, 3.3–4.4), the event rates of the pri-
mary outcome, all-cause mortality, heart failure, myocardial infarction, 
stroke, and cardiovascular mortality were 7.5 %, 4.2 %, 2.3 %, 2.9 %, 
1.7 %, and 1.2 %, respectively (Table 1). Compared to participants in the 
low BWV category, those in the high BWV category had worse survival 
for the primary composite outcome and all-cause mortality (Fig. 1). In 
our fully adjusted Cox model, each 1 unit SD of BWV was significantly 
associated with 13 %, 22 %, 16 % and 15 % higher risk of the primary 

Table 1 
Demographic and Risk Factor Profile of 8714 Participants included from the SPRINT by Body Weight Variability.  

Variable Total n = 8714 Low BWV (ASV < 2.38 Kg) n = 4332 High BWV n = 4382 P-value 

Age, years, mean (SD) 67.8(9.4) 69.3(9.2) 66.5(9.3) <0.0001 
Age ≥75 years, n (%) 1423(32.9) 1423(16.3) 1005(11.5) <0.001 
Female, n (%) 3054(35.1) 1634(18.8) 1420(16.3) <0.0001 
Race or Ethnic group, n (%) – – – <0.0001 

Non-Hispanic black 2574(29.9) 1109(12.9) 1465(17.0) 
Hispanic 923(10.7) 538(6.3) 385(4.5) 
Non-Hispanic White 5061(58.9) 2583(30.0) 2478(28.8) 
Other 42(0.5) 32(0.4) 10(0.1) 

BMI, kg/m2, mean (SD) 29.8(5.7) 28.4(5.0) 31.3(6.01) <0.0001 
Baseline Weight, Kg (SD) 86.8(18.7) 81.3(16.6) 91.7(19.3) <0.0001 
Current Smoker, n (%) 1196(13.8) 458(5.3) 738(8.5) <0.0001 
Average SBP, mmHg, mean (SD) 145.1(11.1) 145.2(11.2) 145.0(11.1) 0.361 
Average DBP, mmHg mean (SD) 80.3(11.5) 79.2(11.4) 81.1(11.6) <0.0001 
Framingham Risk Score, mean (SD) 17.4(2.5) 17.4(2.4) 17.4(2.5) 0.388 
History of Cardiovascular Disease, n (%) 1744(20.0) 864(9.9) 880(10.1) 0.873 
Chronic Kidney Disease, n (%) 2434(27.9) 1230(14.1) 1204(13.8) 0.340 
Creatinine, (mg/dL), mean (SD) 1.07(0.34) 1.06(0.33) 1.08(0.34) 0.005 
Estimate GFR, (ml/min/1.73 m2) 71.8(20.5) 71.1(20.0) 72.6(20.8) 0.0008 
Urine albumin-Creatinine Ratio, median (IQR) 2.38 (1.54 - 3.69) 9.46 (5.66 - 20.19) 9.45 (5.63 - 22.42) 0.300 
Aspirin use 4469(51.4) 2293(26.4) 2176(25.0) 0.002 
Randomized to intervention group 4361(50.1) 2120(24.3) 2241(25.7) 0.040 
No. of antihypertensive medication classes 1.80(1.03) 1.78(1.01) 1.82(1.04) 0.042 
Fasting Glucose, (mg/dL), mean (SD) 98.9(13.5) 98.0(12.3) 99.7(14.6) <0.0001 
HDL-C, (mg/dL), mean (SD) 52.8(14.4) 53.9(14.7) 51.6(14.0) <0.0001 
LDL-C, (mg/dL), mean (SD) 112.3(35.1) 112.6(34.8) 112.1(35.3) 0.545 
Total Cholesterol (mg/dL), mean (SD) 190.0(41.1) 190.8(40.8) 189.2(41.5) 0.068 
Triglycerides (mg/dL), mean (SD) 126.2(90.8) 123.0(79.6) 129.3(100.6) 0.001 
Study Outcomes, n (%) – – –  

Primary Outcome 651(7.5) 286(6.6) 365(8.3) 0.002 
All-Cause Mortality 366(4.2) 153(3.5) 213(4.9) 0.002 
Heart Failure 198(2.3) 73(1.7) 125(2.9) <0.001 
Myocardial Infarction 254(2.9) 131(3.0) 123(2.8) 0.547 
Stroke 151(1.7) 59(1.4) 92(2.1) 0.008 
Cardiovascular Death 100(1.2) 44(1.0) 56(1.8) 0.250 

BWV, body weight variability; ASV, successive average variability; BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; GFR, glomerular 
filtration rate; LDL-C, low-density lipoprotein cholesterol; HDL-C, high-density lipoprotein cholesterol; SD, standard deviation; IQR, interquartile range. Continuous 
variables are presented as means and standard deviations or median and IQR. Categorical variables are presented as counts and corresponding percentages. 
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outcome, all-cause mortality, heart failure and stroke but not with 
myocardial infarction or cardiovascular mortality (Table 2). Similarly, 
each 1 unit SD of BWC was associated with 11 %, 44 %, 16 % and 19 % 
increased risk of the primary outcome, all-cause mortality, myocardial 
infarction, heart failure but not with cardiovascular mortality or stroke 
(Table 3). 

The risk of the primary outcome and all-cause mortality were also 
higher among participants in the highest compared to lowest quartile of 
BWV and BWC (Fig. 2). 

Within both age categories of <75 years and ≥75 years, the event 
rates of the primary outcome and all-cause mortality were higher among 
those who experienced high BWV compared to low BWV. BWV and age 
interaction P-value = 0.011(Fig. 3). 

Furthermore, compared to participants who had stable weight, those 
who had a weight gain of ≥5 % had a higher risk of the primary outcome 
(HR 1.21, 95 % CI 1.01–1.46, p = 0.039). In contrast, those with ≥5 % 
weight loss had a lower risk of all-cause mortality (HR 0.54, 95 % CI 
0.35–0.82, p = 0.004) (Supplement Table 1). Supplement Fig. S1 
shows outcome rate and number of events by quartiles of BWV. Sup-
plement Fig. S2 shows rate and number of primary and all-cause 

mortality events by BWC status (i.e., stable weight, weight loss and 
weight gain). Supplement Tables 2 and 3 show results of model 2 
covariates and risk of outcomes for BWV and BWC, respectively. 

4. Discussion 

The purpose of this post hoc analysis of a randomized controlled trial 
of non-diabetic participants at high cardiovascular risk was to examine 
the effect of body weight variability and body weight change on study 
outcomes. Our results showed that a 1 SD increase in average successive 
variability (ASV) was associated with a 13 % and a 22 % increased risk of 
the primary outcome events and all-cause mortality, respectively. 
Similarly, a 1 SD increase in BWC was associated with 44 % increased 
risk of all-cause mortality and 11 % increased risk of the primary 
outcome events in this cohort, respectively. Both BWV and BWC were 
also associated with a higher risk for heart failure, myocardial infarc-
tion, and stroke, but there was no association with cardiovascular 
mortality. 

Fig. 1. Kaplan Meier Survival Curves for Primary Outcomes and All-Cause 
Mortality by Degree of Body Weight Variability. Primary outcome was the 
composite of myocardial infarction, other acute coronary syndromes, stroke, 
acute decompensated heart failure, or death from cardiovascular causes. BWV 
denoted body weight variability. Low BWV is defined as average successive 
variability (ASV) less than median of 2.4 kg and High BWV is defined as ASV of 
2.4 kg or higher. 

Table 2 
Continuous Body Weight Variability (per Unit SD) and Risk of Outcomes in 
SPRINT Trial.  

Outcome Model 1 (Unadjusted) Model 2* 

HR (95 % CI) P-value HR (95 % CI) P-value 

Primary Outcome 1.11 
(1.05–1.17) 

<0.001 1.13 
(1.07–1.19) 

<0.0001 

All-Cause Mortality 1.15 
(1.08–1.22) 

<0.0001 1.22 
(1.14–1.30) 

<0.0001 

Heart failure 1.13 
(1.04–1.24) 

0.006 1.16 
(1.07–1.26) 

<0.001 

Myocardial 
Infarction 

1.06 
(0.96–1.18) 

0.269 1.10 
(1.00–1.20) 

0.047 

Stroke 1.13 
(1.02–1.26) 

0.025 1.15 
(1.05–1.27) 

0.005 

Cardiovascular 
Mortality 

1.02 
(0.84–1.23) 

0.848 1.11 
(0.92–1.33) 

0.297  

* Model 2 adjusted for age, sex and race/ethnicity, smoking status, average 
systolic blood pressure, average diastolic blood pressure, body mass index 
(BMI), number of antihypertensive agents, history of cardiovascular disease, 
fasting glucose, total cholesterol, low-density lipoprotein cholesterol (LDL-C), 
high density lipoprotein cholesterol (HDL-C), triglycerides, study arm assign-
ment, and urine albumin-creatinine ratio, time between initial and final weight 
measurement. 

Table 3 
Continuous Body Weight Change (per Unit SD) and Risk of Outcomes in SPRINT 
Trial.  

Outcome Model 1 (Unadjusted) Model 2* 

HR (95 % CI) P-value HR (95 % CI) P-value 

Primary Outcome 1.12 
(1.05–1.21) 

0.001 1.11 
(1.02–1.21) 

0.017 

All-Cause Mortality 1.18 
(1.09–1.28) 

<0.0001 1.44 
(1.26–1.65) 

<0.0001 

Heart failure 1.25 
(1.11–1.40) 

0.0003 1.19 
(1.02–1.40) 

0.031 

Myocardial 
Infarction 

1.17 
(1.04–1.31) 

0.007 1.16 
(1.01–1.32) 

0.041 

Stroke 1.14 
(0.99–1.32) 

0.069 1.14 
(0.95–1.36) 

0.150 

Cardiovascular 
Mortality 

1.05 
(0.09–1.24) 

0.519 1.20 
(0.89–1.60) 

0.232  

* Model 2 adjusted for age, sex and race/ethnicity, smoking status, average 
systolic blood pressure, average diastolic blood pressure, body mass index 
(BMI), number of antihypertensive agents, history of cardiovascular disease, 
fasting glucose, total cholesterol, low-density lipoprotein cholesterol (LDL-C), 
high density lipoprotein cholesterol (HDL-C), triglycerides, study arm assign-
ment, and urine albumin-creatinine ratio, time between initial and final weight 
measurement. 
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The negative effect of weight variability on clinical outcomes has 
been reported in various patient populations [4,5]. Weight variability 
has several causes but has most frequently been attributed to dieting 
which has a high risk of rebounding weight gain [3]. In older patients, 
conditions such as malignancies, heart failure, and the use of diuretics 
may also contribute to weight changes. Multiple studies among patients 
with type 2 DM have consistently linked weight variability to increased 
morbidity and mortality, independent of other risk factors [4]. A similar 
effect has been observed in prevalent underlying coronary artery disease 
and in those with varied cardiovascular risk. 11, 12However, prospective 
studies examining the effect of weight variability on clinical outcomes 
have yielded inconsistent results. For instance, in the Baltimore Longi-
tudinal Study of Aging, the Stanford Five-City Project, and the Honolulu 
Heart Program, weight fluctuation was not associated with worse 

clinical outcomes [12–14]. Yet, earlier data from the Framingham Heart 
Study and others as well as more recent meta-analyses have all linked 
weight fluctuation to negative clinical outcomes [4,5,15,16]. 

The underlying mechanism between weight variability and harm has 
not been fully elucidated. Future studies are required to support the 
notion that weight variability leads to impaired glucose tolerance, dys-
lipidemia, or unfavorable body fat distribution and, thus, rising car-
diovascular risk [3]. Weight variability might also lead to increased 
atherogenesis by accelerating chronic inflammation. Yet, older in-
dividuals may be more susceptible to physiologic stress than younger 
individuals as their adaptive mechanisms are less efficient [17]. Sparse 
literature that already exists has linked weight variability to incident 
hypertension independent of other factors [18]. In those with existing 
hypertension, increased weight variability may also be associated with a 

Fig. 2. (A) Distribution of the primary outcome and all-cause mortality by quartiles of average successive variability (ASV) which occurred in the SPRINT Trial 
during the follow-up period. (B) Distribution of the primary outcome and all-cause mortality by quartiles of change in weight which occurred in the SPRINT Trial 
during the follow-up period. Primary outcome was the composite of myocardial infarction, other acute coronary syndromes, stroke, acute decompensated heart 
failure, or death from cardiovascular causes. 

Fig. 3. Body-Weight Variability and Rates of All-cause Death and Primary Outcome by Age <75 versus Age ≥75 Years. Primary outcome was the composite of 
myocardial infarction, other acute coronary syndromes, stroke, acute decompensated heart failure, or death from cardiovascular causes. ASV denotes average 
successive variability of body weight. Low ASV is defined as less than median (<2.38 kg) ASV, and High ASV is defined as ASV of 2.38 kg or higher. 
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higher risk for important outcomes [19]. 
In our study population, weight variability was associated with a 

higher risk for poor outcomes particularly among individuals aged ≥75 
years. This could indicate that the detrimental effect of body weight 
variability may be greater in older individuals perhaps due to loss of 
capacity for physiological compensation with aging. It is well known 
that weight loss reduces the incidence of hypertension while weight gain 
has an opposite effect [20,21]. In the elderly, however, the relationship 
between obesity, weight loss and clinical outcomes is complex [22]. For 
instance, the aging process is often accompanied by sarcopenic obesity 
because of changes in body composition [23]. Unintentional weight loss 
in the elderly is associated with poor outcomes. On the other hand, 
intentional weight loss in the elderly, especially among those who are 
overweight or obese, is beneficial [24,25]. In the Systolic Hypertension 
in the Elderly Program, dynamic measures of weight change were better 
at predicting mortality compared to static measures of weight such as 
body mass index [19]. A prior study using data from SPRINT showed 
that the overall efficacy and safety of intensive blood pressure lowering 
was not modified by baseline body mass index [26]. However, while 
BMI is easily measured and widely used in clinical settings for assessing 
obesity, it has been criticized for being an indirect measurement of total 
body fat that fails to exclude other tissue types [27]. Other anthropo-
metric measures such as waist circumference and waist-to-hip ratio may 
be better predictors of weight-related cardiovascular risk [28]. Our re-
sults are consistent with the extant literature on weight change in hy-
pertension, but we found that weight gain to be more strongly associated 
with risk of cardiovascular events while weight loss has a salutary effect 
on all-cause mortality. 

The strength of our study is the use of a large sample size of a 
uniquely high-risk cohort of patients with hypertension. The data we 
used was well collected using a standardized process. However, our 
results must be interpreted in the context of some limitations. First, this 
is a post hoc analysis of the SPRINT trial. Despite our effort to adjust for 
confounders, the possibility of residual confounding still exists. Sec-
ondly, we were unable to distinguish intentional from unintentional 
weight loss, a factor with important clinical implications in the elderly 
population [24]. Additionally, we could not eliminate changes in body 
weight from causes such as use of diuretics, and fluid retention from 
kidney failure or heart failure. Finally, the results may not be general-
izable to other populations. However, our study does contribute to a 
growing body of evidence that has linked weight change and weight 
variability to increased risk for morbidity and mortality. 

5. Conclusion 

Our study shows a strong and independent association of both weight 
variability and weight change with cardiovascular outcomes and all- 
cause mortality among high-risk older individuals with hypertension 
without DM. These results further stress the clinical importance of 
maintaining a stable weight in patients with hypertension, especially 
among older individuals. 
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