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Summary
The obesity paradox is often attributed to fat acting as a buffer to protect
individuals in fragile metabolic states. If this was the case, one would predict that
the reverse epidemiology would be apparent across all causes of mortality
including that of the particular disease state. We performed a dose-response
meta-analysis to assess the impact of body mass index (BMI) on all-cause and
stroke-specific mortality among stroke patients. Data from relevant studies were
identified by systematically searching PubMed, OVID and Scopus databases and
were analysed using a random-effects dose-response model. Eight cohort studies
on all-cause mortality (with 20,807 deaths of 95,651 stroke patients) and nine
studies of mortality exclusively because of stroke (with 8,087 deaths of 28,6270
patients) were evaluated in the meta-analysis. Non-linear associations of BMI
with all-cause mortality (P < 0.0001) and mortality by stroke (P = 0.05) were
observed. Among overweight and obese stroke patients, the risk of all-cause
mortality increased, while the risk of mortality by stroke declined, with an
increase in BMI. Increasing BMI had opposite effects on all-cause mortality and
stroke-specific mortality in stroke patients. Further investigations are needed to
examine how mortality by stroke is influenced by a more accurate indicator of
obesity than BMI.
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Introduction
Among otherwise healthy subjects, increasing body mass
index (BMI), generally reflecting an increased level of
obesity (1) above a threshold value of around BMI = 23 to
25, is associated with increasing risk of various noncommunicable diseases such as type 2 diabetes (2),
hypertension and cardiovascular disease (CVD) (3), nonalcoholic fatty liver disease (4) and some forms of cancer
(5,6). Consequently, large epidemiological surveys reveal
that there is an increasing risk of all-cause mortality with
416
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increasing BMI above the threshold level (7–9). Following
the onset of some disease states, however, it has been
observed that it is the more obese subjects with greater BMI
who survive the longest (10). This effect, variously called
‘reverse epidemiology’ or the ‘obesity paradox’ has been
demonstrated to occur in stroke patients (11–13), as well as
sufferers from chronic kidney disease (14,15), CVD (16)
and specifically heart failure (HF) patients (17), general
surgery patients in intensive care (18), patients with surgically induced peritonitis (19) and patients following bone
fractures (20).
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The widespread nature of this effect across a variety of
seemingly unrelated disorders has led to speculation that it
may be an artefact of biased subject selection and hence
contributes to biased estimates of obesity-related mortality
(21,22). Yet another interpretation, however, is that in the
fragile metabolic state following various traumatic events,
elevated body fat levels may act as a buffer protecting
the individual and therefore facilitating recovery
(11,12,23,24). If this latter interpretation is correct then it
would be predicted that the mortality paradox would be
observed with respect to all causes of mortality among
patients with specific disease states and not just in the
mortality because of each particular disease. Yet, this distinction has been rarely addressed. To address this topic,
we performed a dose-response meta-analysis of studies of
stroke patients separating the effects of BMI on all-cause
and stroke-specific mortality.

Methods
Search strategy and data extraction
PubMed, OVID and Scopus databases were searched to
identify the papers written in English published up to 7
July 2014. Further studies were identified by handsearching the reference lists of the relevant reviews and
meta-analysis. The following key words were used to
extract the prospective articles pertinent to the study
objectives: ‘obesity’ OR ‘overweight’ OR ‘Body Mass
Index’ OR ‘BMI’ OR ‘body weight’ OR ‘adiposity’ OR
‘fat mass’ OR ‘body fat’ OR ‘body size’ OR ‘body composition’ AND ‘death’ OR ‘survival’ OR ‘mortality’ OR
‘prognosis’ OR ‘paradox’ AND ‘stroke’ OR ‘prestroke’
OR ‘poststroke’ AND ‘follow-up’ OR ‘cohort’ OR ‘prospective studies’ OR ‘retrospective studies’ OR ‘longitudinal studies’ OR ‘observational studies’. The criteria used
for study selection included a prospective design, a study
population covering adult aged >18 years, assessment of
BMI as the exposure of interest, assessment of mortality
by stroke or all-cause mortality in stroke patients as the
outcome of interest, measurement of the relative risk (RR)
or hazard ratio (HR) with corresponding 95% confidence
intervals (CIs), measurement of the number of patients
and number of cases in each BMI category. The studies
were excluded if they were reviews, commentaries,
research notes, letters or conference proceedings and if
they were conducted on pregnant populations. When
duplicate records on the same study population were identified, the bigger sample size study was considered for
inclusion in the review. Authors were contacted by email
in case extra data were required.
The Newcastle-Ottawa Scale was used to assess the
study quality on the bases of parameters including selection, comparability and outcome. Mortality risk estimates
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were extracted from each study independently by two
reviewers. The extracted data included first author’s last
name, publication year, country, study design, follow-up
length, sex, mean age, number of patients and number of
cases, adjusted RR/HR with the corresponding 95% CI,
case ascertainment, stroke subtype and variable adjusted
for in the multivariable analysis. Disagreements in data
extraction were settled by consensus with a third
reviewer.

Statistical analysis
We calculated HRs related to five-unit increases in BMI for
each study by transforming supplied category-specific risk
estimates with the use of generalized least squares for trend
estimation described by Orsini et al. (25).
When the lowest group was not the referent, HRs and
CIs were estimated as relating to the referent for which data
were required (26). In studies with stratified analyses by
sex, the combined estimates of HRs and CIs were calculated using a fixed-effects model.
For the dose-response meta-analysis (25,27), the midpoint of each BMI category was utilized if BMI mean or
median for the category was not provided in the study. The
open-ended categories were assumed to have the same
amplitude as their neighbouring categories.
A two-stage hierarchical regression model (28) was
administered to estimate the non-linear dose-response relation across different BMI levels. In this model, the difference between the midpoints of category-specific and
reference-specific quadratic terms for BMI, based on
studies with non-zero BMI level as reference, was examined. Then, the dose-response relationship, considering
within- and between-study variances, was estimated using
spline transformations. Random-effects dose-response
models using logarithms of HRs and CIs, the number of
deaths and the number of participants across BMI categories were performed assuming linearity in the potential
relationships.
The Q and I2 statistics were used for exploring
statistical heterogeneity among the included studies. The
values of 25%, 50% and 75% were regarded as low,
moderate and high heterogeneity, respectively. Stratified
analyses by sex, mean or median years of follow-up, the
study quality and the time of BMI measurement were
conducted to evaluate the potential sources of heterogeneity. We also performed a sensitivity analysis in which
a single study was excluded from the analysis at a time
to investigate whether different results were obtained. To
detect publication bias, the Egger’s regression test was
applied.
All statistical analyses were performed by Stata v12 software (StataCorp, College Station, TX, USA). Statistical
significance was considered at two-sided P < 0.05.
16, 416–423, May 2015
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Result
The number of articles identified through database searching and other sources was 4,391. Among 2,016 records
remaining after duplicates were excluded, 1,907 were
removed after looking through the abstracts. Of the 102
full-text articles evaluated, 30 were considered for inclusion in the meta-analysis. Of these records, 13 lacked sufficient data and therefore we contacted the authors of the
relevant studies to request the data needed. The authors of
three studies shared the requested data (29–31). Thus, eight
publications on BMI and total mortality among stroke
patients (11–13,30–34) and nine publications on BMI and
mortality by stroke (29,35–42) were finally selected for the
meta-analysis (Fig. 1).

Study characteristics
All of the papers dealt with either ‘all-cause’ or ‘by stroke’
mortality. The cohort studies investigating the association
of BMI with all-cause mortality consisted of eight records
published from 2009 to 2014 and included 95,651 stroke
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patients of whom 20,807 patients died. There were two
studies performed in the United States (31,32), one in
Denmark (11), one in Greece (13), one in Germany (33),
two in Korea (12,34) and one in Sweden (30). The participants were prospectively followed for less than 10 years in
four studies (11,12,33,34) while the follow-up duration
was 10 years and more in the others (13,30–32). BMI was
measured by professional staff in all studies except for three
(12,33,34) in which no information was provided concerning who made the measurement. There was one study (31)
with self-reported and two (30,33) without reported case
ascertainment. When the Newcastle-Ottawa scoring system
was used to assess the quality of the studies, three records
(13,32,34) were of moderate quality and the other five
(11,12,30,31,33) were of high quality.
The nine studies on mortality by stroke were published
between 2001 and 2014 with the length of follow-up
ranging from 1 month to 40 years. There were two publications performed in Japan (36,41), two in China (35,39),
one in Denmark (37), one in the United Kingdom (29), one
in Scotland (40), one in Norway (38) and one in Korea
(42). In total, 28,6270 patients were included and 8,087

Figure 1 Flow diagram for the study
selection.
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patients died of stroke. Information on the source of the
BMI measurement was not provided in two records
(37,40); however, in the remaining (29,35,38,39,41,42),
BMI was measured by trained staff except for one (36) in
which it was self-reported. Case ascertainment was
reported only in two studies (35,39). In quality assessment
with the use of the Newcastle-Ottawa scale, three publications (36,37,40) were of moderate quality and the remaining publications (29,35,38,39,41,42) were of high quality.
The findings of the included papers were presented
in different BMI categories. In fact, some studies
(12,30,31,34,36,38,39,41,42) did not describe patients
according to the World Health Organization quartiles. The
mean BMI value of 33 kg m−2 was the highest assessed in
the studies examining the association of BMI with mortality by stroke. Thus, we were not able to yield results over a
BMI of >35 kg m−2. This observed heterogeneity in exposure across the studies needed to be accounted for and
therefore a generalized least squares for trend estimation
method was administered to minimize the existing heterogeneity. As a result, with the use of this method, the clinical
consequences of BMI across the entire range could be
predicted.

All-cause mortality after stroke
When the random-effects dose-response analysis was used,
a significant non-linear relationship (P < 0.0001) was
found between BMI and all-cause mortality after stroke
with the estimate in the correlation matrix of 0.72 and the
estimated between studies Standard Deviations (SDs) of
0.03 and 0.01. BMI values lower than 25 kg m−2 had a
protective effect on overall death rates demonstrating that
the risk of all-cause mortality after stroke decreased with
the BMI increase up to 21 kg m−2, but increased with a
steep slope at BMI levels higher than 23 (Fig. 2a). Comparing the findings with a linear trend using a two-stage
random-effects model, we observed that the risk of mortality for every five units of BMI linearly declined by 17%
(HR: 0.83, 95% CI: 0.76–0.91, P < 0.0001) at BMI below
25. Furthermore, the large goodness-of-fit P-value
(Q = 80.95, P < 0.0001) and the result from I2 statistics
(P < 0.0001, I2 = 89.1%) showed that between-study heterogeneity in the assumed linear relationship was detected.
It was also found that no publication bias (Egger’s regression test P-value = 0.66) was present among the studies.
To detect the sources of heterogeneity, we carried out
subgroup analyses by sex, follow-up years, the score of the
study quality and the time when BMI was measured.
Despite that heterogeneity was still present, no variations in
the shapes of the slopes were observed in all subgroup
analyses. For sensitivity analysis, a single study was
removed at a time and the analysis as repeated on the
remaining studies to assess whether our findings were
© 2015 World Obesity

Figure 2 Dose-response associations of body mass index (BMI) with
mortality among stroke patients. (a) Non-linear dose-response
relationship between BMI and all-cause mortality (P < 0.0001).
(b) Non-linear dose-response relationship between BMI and mortality
by stroke (P = 0.05). Non-linear and linear plots are displayed with
continuous black and medium-dashed orange-red lines, respectively.
Long-dashed maroon lines depict 95% confidence intervals. The
log-scale of the hazard ratios are presented on vertical axes.

affected by the excluded studies. When the study by
Doehner et al. (33) was removed, the slope of mortality
rate at BMI higher than 23.5 kg m−2 increased and at BMI
ranging from 15.2 to 21.5 kg m−2, the risk was reduced
with a nadir at 21.5–23.5 kg m−2 (Fig. 3a). Leaving out the
study by Silventoinen et al. (30) substantially increased
HRs of all-cause mortality after stroke at BMI higher than
25 kg m−2; in fact, a highly steep slope was observed in the
shape of the dose-response plot with the increase in BMI
level among overweight and obese individuals (Fig. 3b). As
it was suggested that heterogeneity in a dose-response
meta-analysis related to the shape of the relationship (25),
a better dose-response model (Q = 10.21, P = 0.12) might
be fitted if this particular study was removed. Our result
was consistent with the main outcome when other studies
were excluded in the sensitivity analysis.
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Mortality by stroke
A non-linear relationship was suggested between BMI and
mortality by stroke in the random-effects dose-response
analysis (P = 0.05) with the estimate in the correlation
matrix of −1 and the estimated between studies SDs of 0.05
and 0.02 (Fig. 2b). A two-stage random-effects model
which was tested to compare the obtained results with the
linear trend suggested that every 5 kg m−2 increase in BMI
was not significantly associated with a decreased risk of
mortality by stroke (HR: 0.97, 95% CI: 0.86–1.1,
P = 0.62). Results from goodness-of-fit (Q = 117.06,
P < 0.0001) and I2 statistics (P < 0.0001, I2 = 92.1%)
showed that potential sources of heterogeneity should be
identified. Egger’s regression test detected no small study
effects (P = 0.83) indicating that there was no publication
bias among the studies exploring the association of BMI
with the risk of mortality by stroke.
The subgroup analyses were conducted to explore the
potential sources of heterogeneity. In stratifying analyses
on the basis of sex, follow-up duration and the study
quality score, it was found that the shapes of dose-response
plots were consistent with the main findings in all stratified
analyses. In the sensitivity analysis, removal of the study by
Li et al. (39), accounting for 10.55% of the total sample
size, non-significantly altered our main finding (P = 0.1)
yielding decreasing HRs, with BMI ranging from 15.2 to
24.5 kg m−2 and increasing HRs, with BMI levels higher
than 24.5 kg m−2 (Fig. 3c). Significant non-linear trends
similar to the main plot were detected in other sensitivity
analyses demonstrating that our main result was not influenced by other studies assessing the association of BMI
with the risk of mortality by stroke.

Discussion

Figure 3 Sensitivity analyses plots displaying non-linear dose-response
relationships between body mass index (BMI) and all-cause mortality
after stroke with the removal of the studies by Doehner et al. (33) (a),
Silventoinen et al. (30) (b) and non-linear dose-response relationship
between BMI and mortality by stroke with the exclusion of the study by
Li et al. (39). (c). Non-linear and linear plots are displayed with
continuous black and medium-dashed orange-red lines, respectively.
Long-dashed maroon lines depict 95% confidence intervals. The
log-scale of the hazard ratios are presented on vertical axes.
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In the present dose-response meta-analysis, we observed a
non-linear significant association of BMI with total mortality among stroke survivors; with the BMI increase, the
risk of overall death increased among overweight and obese
individuals. However, BMI levels higher than 24.5 kg m−2
was suggested to be inversely and significantly associated
with mortality by stroke in a non-linear trend. To our
knowledge, our study is the first dose-response metaanalysis to address and comprehensively analyse the findings on BMI and mortality after stroke and present separate
analyses on overall death among stroke survivors and mortality by stroke. Following stroke, it is likely that the probability of mortality from further stroke events is diminished
because of secondary prevention measures and a ‘Hawthorne’ effect (special attention) (43). However, it would
not be expected that such effects would occur differentially
with respect to patient BMI. That is, one would not anticipate a greater Hawthorne effect or greater secondary
© 2015 World Obesity
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prevention effects in more obese relative to less obese
patients. Such effects might then be anticipated to change
the position of the mortality curve for stroke in relation to
BMI, relative to the curve for all-cause mortality in relation
to BMI, but would not be anticipated to change the direction of the slope of the relationship as observed in our
analysis.
Consistent with our findings on the association of BMI
with mortality by stroke, several meta-analyses have been
published to summarize and evaluate the available evidence
regarding BMI and the risk of mortality by a number of
diseases. Overweight and obese patients with chronic HF
compared with those with normal weight were reported to
be less likely to die of HF (44). Likewise, results from a
meta-analysis exploring the effect of BMI on survival of
patients with renal cell carcinoma demonstrated less mortality in patients with higher BMI than those with normal
levels (45). Furthermore, records of the influence of BMI on
CVD mortality supported the existence of an obesity
paradox (46). On the other hand, there are reports indicating that death by some particular diseases including coronary heart disease (CHD), CVD and cancer increased
among patients with higher BMI levels (47).
Although evidence from a meta-analysis showed that the
highest total mortality existed among underweight patients
(46), a meta-analysis by Flegal et al. suggested that BMI of
≥35 kg m−2 was directly related to all-cause mortality compared with BMI within normal range (9). Similarly, overall
death was indicated to be associated with BMI by a metaanalysis performed on 26 observational studies (47).
Obesity is not only associated with CHD and CVD, the
leading causes of death, but it is also the prominent risk
factor for hypertension, dyslipidaemia, obstructive sleep
apnoea, diabetes and cancer (48), which by themselves lead
to numerous complications.
Variations in the findings from meta-analyses assessing
BMI-mortality associations might be due to differences in
the ages of the examined populations, causes of death and
the range of the BMI examined; overweight was associated
with lower all-cause mortality and mortality rates from
non-cancer and non-CVD causes, while higher overall
death and mortality rates from CVD, some cancers, diabetes and kidney diseases were reported among obese patients
(49). The age-related explanations proposed for reverse
epidemiology, which mediates the relationship between
obesity and prolonged survival of elderly patients, might be
regarded as a potential mechanisms explaining the better
prognosis of overweight and obese stroke patients whose
mean age was 60.4 years in our review. First, patients with
higher visceral fat accumulation are less likely to die earlier
than those with increased less risky lower-body fat mass.
This phenomenon demonstrates that among individuals
with higher BMI levels, better prognosis belongs to those
who are metabolically healthy and therefore do not bear
© 2015 World Obesity
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adverse outcomes of obesity (23,24). Furthermore, evidence supporting the age-associated accumulation of subcutaneous fat mass rather than visceral adipose tissue, even
a decline in the latter, was linked to a reduction in insulin
resistance and type 2 diabetes (23). It has been suggested
that the obesity paradox may also be explained using the
phenomenon of reverse causation indicating that higher
death rate among underweight stroke patients may be due
to some age-related illnesses which lead to weight loss and
malnutrition in the elderly (24,50). This seems unlikely,
however, as it would also be observed in the ‘all-cause’
mortality data. Other age-linked explanations include ameliorated antioxidant protection caused by decreased oxidation in obese patients with loss of skeletal muscle mass and
lower risk of artherosclerosis in survived patients with
lower-body obesity (23,24).
Along with age-connected explanations, improved nutritional status and energy reservoirs serving as a protection
against mortality and following a healthy lifestyle, to
reduce adverse outcomes associated with obesity in patients
with higher BMI, may contribute to the obesity paradox in
mortality by stroke (11,12,23,24). However, our findings
suggested that the pattern of mortality because of stroke
and overall mortality rates among obese stroke patients
were radically different. If factors such as greater sources of
energy or metabolites related to obesity mediated the paradoxical increase in survival of obese stroke patients (12), an
obesity paradox would be observed concerning not only
stroke but also all-cause mortality.
The strengths of our meta-analysis include examining
the probability of non-linear relationships, assessing the
studies with various BMI categories with the use of generalized least squares for trend estimation, exploring
cohort records exclusively to decrease likelihood of heterogeneity, analysing the impact of BMI separately on allcause mortality after stroke and mortality by stroke,
summarizing homogeneous studies on the basis of the
time of BMI measurement in the association of BMI with
mortality by stroke, using adjusted risk of death and
performing the sensitivity analyses. The present study,
however, contains a number of limitations which are
worthy of attention. Our main findings might be influenced by confounding factors which existed in the original cohort studies. However, the effect of potential
confounding variables on the study outcomes is likely to
be limited by excluding studies which reported unadjusted
HRs. Furthermore, different follow-up durations in the
records evaluated in this review might contribute to heterogeneity across studies. But the shape of the plots did
not differ in subgroup analyses by years of follow-up in
both of the separate meta-analyses carried out in this
study. BMI is an inaccurate and imperfect indicator of
body fat (51) and abdominal obesity was suggested to be
a more precise predictor of stroke than BMI (52). Thus,
16, 416–423, May 2015
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results on the association of BMI with stroke mortality
might not best address the research question.
In conclusion, significant non-linear trends exist in both
of our dose-response sub-meta-analyses, with 20,807
deaths in eight cohort studies assessing the effect of BMI on
overall mortality among stroke patients and the other with
8,087 deaths in nine cohort studies evaluating how mortality by stroke was influenced by BMI. Our findings on the
association of BMI with total mortality show a non-linear,
increased risk at BMI levels higher than 23 kg m−2 and a
decreased non-linear trend at BMI ranging from 15.2 to
21 kg m−2 with a nadir at 21–23 kg m−2. The results on the
other sub-meta-analysis, however, indicate that BMI levels
higher than 24.5 kg m−2 was inversely associated with mortality by stroke. To evaluate the effect of adiposity on
stroke mortality, further research is required using direct
measurement of body fat rather than BMI. Whether this
paradox within a paradox pertains for other disease states,
and its causes, remains unknown.
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