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ABSTRACT
Objectives. A general body of evidence suggests that low serum albumin might be associated with increased
risk of adverse cardiometabolic outcomes, but findings are divergent. We aimed to quantify associations of
serum albumin with the risk of type 2 diabetes (T2D), cardiovascular disease (CVD), all-cause mortality, and
other adverse outcomes using a systematic review and meta-analyses of published observational cohort
studies. Design. MEDLINE, Embase, Web of Science, and manual search of relevant bibliographies were
systematically searched to January 2020. Relative risks (RRs) with 95% confidence intervals (CIs) comparing
top versus bottom thirds of serum albumin levels were pooled. Results. Fifty-four articles based on 48 unique
observational cohort studies comprising of 1,492,237 participants were eligible. Multivariable adjusted RRs
(95% CIs) comparing the top vs bottom third of serum albumin levels were: 1.03 (0.86-1.22) for T2D; 0.60
(0.53-0.67) for CVD; 0.74 (0.66-0.84) for coronary heart disease (CHD); 0.57 (0.36-0.91) for CHD death;
0.76 (0.65-0.87) for myocardial infarction; 0.66 (0.55-0.77) for all-cause mortality; 0.71 (0.61-0.83) for
venous thromboembolism; 0.65 (0.48-0.88) for cancer mortality; and 0.62 (0.46-0.84) for fracture.
Heterogeneity between contributing studies of T2D was partly explained by sample sizes of studies (p for
meta-regression=0.035). Conclusions. Elevated levels of serum albumin are associated with reduced risk of
vascular outcomes, all-cause mortality, certain cancers, and fracture. Inconsistent findings for T2D may be
attributed to selective reporting by studies. Further research is needed to assess any potential causal relevance
to these findings and the role of serum albumin concentrations in disease prevention.
Systematic review registration: PROSPERO 2019: CRD42019125869
KEYWORDS
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Introduction
Serum albumin, a protein which is synthesized in the liver,[1] is a historical marker of nutritional status.[2]
Serum albumin has antioxidative properties[3] and low serum concentrations have been suggested to be an
indicator of inflammation, hypercoagulable states and liver disease.[4, 5] Serum albumin concentrations have
been demonstrated to be inversely correlated with several risk factors for cardiometabolic disease such as age,
total cholesterol, body mass index (BMI), and inflammatory markers.[6, 7, 8] Evidence suggests that serum
albumin concentrations may be associated with a wide range of cardiometabolic outcomes including
cardiovascular disease (CVD),[4, 9, 10] type 2 diabetes,[11, 12] metabolic syndrome,[13, 14], and all-cause
mortality.[9] Though the general body of evidence suggests low serum albumin is associated with increased
risk of these adverse outcomes; some of the findings have not been consistent. For example, on the
relationship between serum albumin and type 2 diabetes; whereas some studies have demonstrated inverse
associations,[11, 12] others have reported positive associations,[15] and some others have found no
associations.[8, 12] Several reasons could explain the conflicting results and could be related to study design
factors such as small sample sizes (low event rates).[15] Furthermore, some previous studies were based on
cross-sectional designs,[13, 14] hence the temporal nature of the associations is limited. Though established
risk factors explain a large proportion of the risk for these adverse cardiometabolic outcomes, their
pathogeneses are still not fully established as it appears other additional factors may be involved. There is
therefore a priority to identify and evaluate potentially modifiable risk factors that may have predictive or
causal relevance, to help tailor preventive and therapeutic strategies for these conditions. Serum albumin is
such a biomarker which has potential promise for the prevention of adverse cardiometabolic outcomes. Given
that individual studies are often poorly powered and their results are not always definitive, we sought to
quantify the nature, magnitude and specificity of potential longitudinal associations of serum albumin with the
risk of adverse cardiometabolic outcomes such as type 2 diabetes, CVD, metabolic syndrome, and all-cause
mortality in more detail than ever before using a systematic review and meta-analysis of available
observational cohort studies. In subsidiary analyses, we also explored associations with other adverse health
outcomes such as venous thromboembolism (VTE), cancer, and fracture outcomes.
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Methods
Data sources, searches and screening
This review has been registered in the PROSPERO prospective register of systematic reviews
(CRD42019125869). The systematic review and meta-analysis was based on a predefined protocol and
conducted in accordance with PRISMA and MOOSE guidelines [16, 17] (Supplementary Tables 1-2).
MEDLINE and Embase were searched from inception to 30 January 2020. The computer-based searches used
a combination of MeSH terms related to the exposure (e.g., serum albumin) and outcomes (e.g.,
cardiovascular disease, type 2 diabetes, mortality) in humans with no language restrictions. The detailed
search strategy is reported in Supplementary Table 3. The titles and abstracts of citations identified from the
databases were then initially screened to identify articles potentially eligible for inclusion. Following this, full
texts of relevant articles were acquired for further evaluation. The full text evaluation was independently
conducted by two authors (SKK and SS) based on the inclusion criteria indicated below. Any disagreements
regarding eligibility of an article was discussed, with involvement of a third author when necessary (KK).
Reference lists of relevant studies and the “cited by” function in Web of Science were assessed to identify
additional studies missed by the search strategy.

Eligibility criteria
Studies were included if they met the following search criteria: were population-based observational
(prospective or retrospective cohort, case cohort, or nested case-control) in design; had sampled from healthy
(i.e., were based on initially healthy participants) or general populations (ie, populations with both healthy and
prevalent cases of cardiometabolic disease at baseline); had evaluated the associations of circulating albumin
concentrations with primary and secondary outcomes; and had at least one year of follow-up. The primary
outcomes were cardiometabolic outcomes and included CVD (including cardiovascular endpoints such as
coronary heart disease (CHD), myocardial infarction (MI), and stroke), type 2 diabetes, metabolic syndrome,
and all-cause mortality. Secondary outcomes were other cardiometabolic and nonvascular outcomes including
hypertension, heart failure, venous thromboembolism, dementia, cancer and fracture. We excluded studies for
the following reasons: (i) they only reported on mean levels and standard deviations of serum albumin in cases
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and non-cases; (ii) were based exclusively in participants with pre-existing cardiometabolic disease; or (iii)
were case-control, cross-sectional or ecological in design.

Data extraction and quality assessment
One author (SKK) initially extracted data from eligible studies using a standardized predesigned data
collection form, which has been used in previous similar reviews.[18, 19] A second author (SS) independently
checked the extracted data with that in original articles. Data were extracted for the following study
characteristics: author and year of publication, country of study, baseline year of study, study design, age, sex,
assay type, type of outcome, sample size and number of outcomes, duration of follow-up, degree of
adjustment for potential confounders [defined as ‘+’ (when risk estimates were adjusted for age and/or sex);
‘++’ (further adjustment for established risk factors such as smoking status, body mass index, blood pressure,
lipids); and ‘+++’ (additional adjustment for emerging risk factors such as inflammatory markers)], and risk
estimates reported for greatest adjustment for potential confounders. To avoid double counting of participants
within a study cohort, study selection was limited to a single set of comprehensive information when there
were several publications involving the same study cohort. Selection was based on the study with the most upto-date information (longest follow-up duration and/or analysis covering the largest number of participants).
Methodological quality of studies was assessed using the nine-star Newcastle–Ottawa Scale (NOS),[20] which
uses pre-defined criteria namely: selection (population representativeness), comparability (adjustment for
confounders), and ascertainment of outcome. Nine points on the NOS reflects the highest study quality.

Data synthesis and analysis
Summary measures of associations were presented as relative risks (RRs) with 95% confidence intervals
(CIs). To enable consistency in the pooling approach and enhance interpretation of the findings, RR estimates
for the associations of serum albumin and outcomes were transformed to consistently correspond to the
comparison of the top versus bottom third of the distribution of serum albumin levels in each study, using
standard statistical methods previously described [19, 21] (Supplementary Table 4). Briefly, log risk
estimates were transformed assuming a normal distribution (or that a transformation of the exposure variable
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for which the risk ratio is based was normally distributed), with the comparison between top and bottom thirds
being equivalent to 2.18 times the log risk ratio for a 1 standard deviation increase (or equivalently, as
2.18/2.54 times the log risk ratio for a comparison of extreme quarters and as 2.18/2.80 times the log risk ratio
for a comparison of extreme quintiles). Standard errors of the log risk estimates were calculated using reported
confidence intervals and were standardised in the same way. For estimates that could not be transformed, the
top versus bottom categories were used as reported in the included studies. We have shown that pooled
estimates from transformed and untransformed data are qualitatively similar.[22] When the highest quantile
(eg, top third) was used as the referent, we converted the reported risk estimate into its reciprocal. When
studies reported more than one estimate of an association according to subgroups (e.g., by sex), a within-study
summary estimate was calculated using a fixed effect meta-analysis. Random-effects models were used to
combine RRs to account for the effect of heterogeneity.[23] Heterogeneity between studies was assessed using
the standard χ2 statistic and the I2 statistic.[24] We assessed heterogeneity between cohorts by comparing
results from studies grouped according to prespecified study level characteristics such as geographical
location, sex, average age at baseline, average duration of follow-up, number of outcomes recorded, degree of
statistical adjustment, and study quality using random effects meta-regression.[25] We assessed for evidence
of publication bias using visual inspection of Begg’s funnel plots[26] and Egger’s regression symmetry
tests.[27] All analyses were conducted using Stata MP 16 (Stata Corp, College Station, Texas, USA).

Results
Study identification and selection
The study selection process is illustrated in Figure 1. The initial search as well as the manual screening of
relevant citations identified 2,886 potentially relevant citations. After screening of citations based on titles and
abstracts, 77 citations were selected for full text evaluation. A total of 23 articles were excluded because (i)
exposure was not relevant (n=11); (ii) study design not relevant (n=4); (iii) duplicate of a previous publication
using the same cohort (n=4); (iv) outcome not relevant (n=3 ); and (v) risk estimates could not be calculated
(n=1). In total, we included 54 articles based on 48 unique observational cohort studies.[5, 6, 8, 9, 10, 11, 12,
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15, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43, 44, 45, 46, 47, 48, 49, 50, 51, 52, 53, 54, 55,
56, 57, 58, 59, 60, 61, 62, 63, 64, 65, 66, 67, 68, 69, 70, 71, 72, 73]

Study characteristics and quality
Table 1 summarizes characteristics and quality assessment scores of each of the eligible studies evaluating the
associations between serum albumin and risk of several outcomes. Publication dates of eligible studies ranged
from 1990 to 2020. Overall, the 48 unique cohorts comprised of 1,492,237 participants. The majority of
studies were based on prospective cohort designs (n=37), with the remainder based on retrospective cohort
(n=4), nested case-control (n=4), and case-cohort (n=3) designs. Overall, 19 studies were conducted in North
America (USA), 17 in Europe (Austria, Finland, France, Germany, Netherlands, Norway, Russia, Spain,
Sweden, and UK), and 12 in Asia (China, Japan, Korea, and Taiwan). Overall, the average baseline age of
participants in the included studies ranged from 37.6 to 97.0 years and the weighted mean age was 50.9 years.
The average overall duration of follow-up for outcomes ranged from 1.0 to 28.5 years, with a weighted mean
follow-up duration of 8.8 years. For studies providing these data, the overall average serum albumin level
ranged from 37.3 to 51.0 g/l with a weighted mean of 42.7 g/l. The overall methodological quality scores of
studies using NOS ranged from 5 to 9.

Serum albumin and risk of primary outcomes
Figure 2 provides a summary of meta-analyses of the associations between serum albumin and risk of the
primary and secondary outcomes evaluated. In meta-analysis of 9 studies,[8, 11, 12, 15, 54, 66, 68, 73]
comparing the top versus bottom third of serum albumin levels, the pooled fully-adjusted RR (95% CI) of
type 2 diabetes was 1.03 (0.86-1.22) (Figure 3). There was significant heterogeneity between contributing
studies (I2 =68%; 95% CI 33, 85%; p for heterogeneity<0.001), which seemed to be partly explained by the
sample size (p for meta-regression=0.04). Smaller studies were more likely to report more extreme results
compared with larger studies (Supplementary Figure 1). In meta-analyses of cardiovascular outcomes, RRs
(95% CIs) were 0.60 (0.53-0.67; I2 =22%; 95% CI 0, 66%; p for heterogeneity=0.27, n=6 studies[38, 42, 52,
62, 71, 74]) for CVD; 0.74 (0.66-0.84; I2 =59%; 95% CI 5, 82%; p for heterogeneity=0.02, n=7 studies[10,
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30, 35, 38, 42, 69, 74]) for CHD; 0.57 (0.36-0.91; I2 =51%; 95% CI 0, 86%; p for heterogeneity=0.13, n=3
studies[30, 35, 38]) for CHD mortality; 0.76 (0.65-0.87; I2 =0%; 95% CI 0, 85%; p for heterogeneity =0.59,
n=4 studies[9, 30, 48, 58]) for MI; and 0.99 (0.60-1.63; I2 =91%; 95% CI 75, 96%; p for heterogeneity<0.001,
n=3 studies[33, 42, 58]) for stroke comparing top versus bottom thirds of serum albumin levels (Figure 2;
Supplementary Figure 2). Comparing the top versus bottom thirds of serum albumin levels in 21 studies, the
pooled RR (95% CI) for all-cause mortality was 0.65 (0.55-0.77) with substantial heterogeneity between
contributing studies (I2 =97%; 95% CI 96, 97%; p for heterogeneity<0.001) (Figure 4), which seemed to be
explained partly by the duration of follow-up (p for meta-regression=0.023). The association was stronger for
studies with shorter follow-up duration (<10 years) compared with studies of longer follow-up duration (≥10
years) (Supplementary Figure 3). In meta-analysis of 3 studies that compared hypoalbuminaemia versus
normal albumin,[37, 43, 50] the RR (95% CI) for all-cause mortality was 1.31 (0.86-1.98; I2 =67%; 95% CI 0,
91%; p for heterogeneity=0.05) (Supplementary Figure 4). Results from single reports showed a decreased
risk of ischaemic stroke,[58] SCD,[48] and non-SCD[48] comparing the top versus bottom tertile of serum
albumin levels; whereas the risk of MetS[60] and stroke mortality[33] was increased (Supplementary Figure
5). Three studies could not be included in the pooled analyses due to the inconsistent reporting of and lack of
complete data on risk estimates.[29, 45, 64] Darne et al.[29] in their report published in 1990, showed that
serum albumin was not significantly associated with cardiovascular, cancer, and all-cause mortality. In the
prospective study of the associations of biomarkers of inflammation and malnutrition with the risk of death in
health elderly people, Carriere and colleagues showed that low serum albumin was associated with early death
in men; no associations were demonstrated for women.[45] In patients without pre-existing cardiovascular
diagnoses, Hayward and colleagues demonstrated low serum albumin to be associated with an increased risk
of cardiac events.[64]

Serum albumin and risk of secondary outcomes
In meta-analysis of 4 studies,[5, 6, 57] comparing the top versus bottom third of serum albumin levels, the
pooled RR (95% CI) of VTE was 0.71 (0.61-0.83; I2 =0%; 95% CI 0, 85%; p for heterogeneity=0.41) (Figure
2; Supplementary Figure 6). In meta-analyses of cancer endpoints, RRs (95% CIs) were 0.65 (0.48-0.88, I2
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=79%; 95% CI 44, 92%; p for heterogeneity=0.003, n=4 studies[42, 62, 65, 71]) for cancer mortality and 0.92
(0.85-1.00, I2 =0%; 95% CI 0, 0%; p for heterogeneity=0.76, n=3 studies[39, 63, 65]) for colorectal cancer
comparing top versus bottom thirds of serum albumin (Supplementary Figure 7). The corresponding RR
(95% CI) for fracture in meta-analysis of two studies[36, 72] was 0.62 (0.46-0.84) (Supplementary Figure
8). Findings from single reports showed a decreased risk of heart failure,[49] hypertension,[56] breast
cancer,[65] colorectal cancer death,[63] and colon cancer;[34] an increased risk of ovarian cancer[67] and no
significant associations with all-cause cancer,[38] lung cancer,[65] and prostate cancer[65] (Supplementary
Figure 8). In single studies that compared hypoalbuminaemia with normal albumin levels, the risk was
increased for heart failure,[50] cancer,[61] and mild cognitive impairment[70] (Supplementary Figure 9).

Publication bias
Though tests of publication bias have low power and are unreliable in meta-analysis involving <10
studies,[75] we assessed for publication bias among studies of type 2 diabetes as the results of the subgroup
analysis suggested evidence of selective reporting (small study effects) (Supplementary Figure 1). There
was no evidence of publication bias across studies of type 2 diabetes, with the funnel plot showing no
evidence of asymmetry (Supplementary Figure 10) and Egger’s test for bias giving a p-value of 0.72. A
funnel plot of the 21 studies reporting on the associations between serum albumin and all-cause mortality risk
showed visual evidence of symmetry (Supplementary Figure 10) which was consistent with Egger’s
regression symmetry test (p=0.34). We also found no evidence of such selective reporting when studies were
grouped by sample size in meta-regression analysis (i.e., results were similar for smaller and larger studies)
(Supplementary Figure 3).

Discussion
Key findings
These meta-analyses on the associations between serum albumin and several adverse outcomes indicates that
elevated circulating levels of serum albumin in approximately healthy people are associated with reduced risk
of CVD endpoints (including composite CVD, CHD, MI, SCD, and heart failure), all-cause mortality,
9

hypertension, VTE, cancer mortality, breast cancer, colon cancer, colorectal cancer, and fracture. The risk was
however increased for MetS and ovarian cancer. There were no significant associations with type 2 diabetes,
lung cancer, and prostate cancer. The association of serum albumin with type 2 diabetes seemed to be
modified by sample size; smaller studies were more likely to report more extreme results compared with
larger studies, though the associations were not significant. Furthermore, our findings suggested that the
association between serum albumin and all-cause mortality risk may be modified by the duration of follow-up,
with stronger associations being observed for shorter follow-up durations.

Comparison with previous work
In a previous meta-analysis published over two decades ago, Danesh and colleagues demonstrated low levels
of serum albumin to be associated with increased risk of CHD in pooled analysis of eight studies. To our
knowledge, this review represents the first comprehensive evaluation of aggregate observational cohort data
on the associations of serum albumin with several cardiometabolic and other adverse health outcomes. Being
the first attempt at doing this, these findings cannot directly be compared to previous work. Though generally
mounting evidence has suggested that low levels of serum albumin are associated with increased risk of
cardiometabolic outcomes such as type 2 diabetes, MetS, and CVD (and vice versa), the evidence has been
inconsistent in the absence of meta-analyses of the existing data. The current study therefore establishes
robust observational associations of serum albumin with the risk of several adverse outcomes.

Possible explanations for findings
Several plausible biological pathways might underlie some of the associations demonstrated. It is well
established that inflammatory processes are involved in the aetiopathogenesis of vascular disease.[76, 77]
Indeed, several “downstream” and “upstream” markers of inflammation such as C-reactive protein (CRP),
fibrinogen, interleukins, and tumour necrosis factor alpha (TNF-α) have been demonstrated to be associated
with the risk of CHD.[78, 79, 80] Serum albumin is a negative acute phase reactant and is synthesized by the
liver. In the presence of systemic inflammation, there is hepatic synthesis of other acute-phase proteins rather
than serum albumin.[81] Hence, it has been suggested that low serum albumin levels may reflect
10

inflammatory states,[5] which underlie the pathogenesis of vascular disease. Since an inflammatory
hypothesis has also been postulated in the development of VTE[82] and other outcomes such as all-cause
mortality, hypertension, cancer, and fracture,[83] these same inflammatory processes may explain the
observational relationships observed. However, since some of the observed associations between serum
albumin and outcomes were independent of inflammatory markers such as CRP, interleukins, and TNF-α, it is
likely that other pathways may be involved apart from inflammation. Low serum albumin may be a marker of
a hypercoagulable state[5] and an indicator of health conditions such as liver disease, nephrotic syndrome, and
malignancy, which increase the risk of VTE.[84, 85, 86, 87] Low serum albumin is also an indicator of poor
nutrition,[2] functional decline,[88, 89, 90] and frailty,[37, 91] which all predispose to an increased risk of
fractures. Oxidative stress, insulin resistance, and endothelial dysfunction in addition to inflammation, have
been implicated in the development of hypertension; [92, 93] serum albumin has antioxidant properties[94]
and also inhibits endothelial apoptosis,[95] hence high levels of serum albumin may protect against the
development of hypertension. The potent antioxidant activity of serum albumin may contribute to its
protective role on cancer risk. There were differential effects of albumin levels on the risk of site-specific
cancers, which may reflect the fact that different types of cancer do not have the same pathogenic process.
Whether higher serum albumin predisposes to an increased risk of MetS and ovarian cancer or is a marker of
these adverse outcomes is unclear. The increased risk of ovarian cancer associated with increased serum
albumin is unexpected given that ovarian cancer is associated with low serum albumin levels.[96] Schwartz
and colleagues[67] speculate that elevated serum albumin could increase ovarian cancer risk by delivering
higher levels of hormones to ovarian tissue, since steroid hormones in blood are bound to albumin. The
authors also report that these findings may reflect increased albumin synthesis by ovarian cells.[67] With the
inconsistent findings reported for the association between serum albumin and type 2 diabetes in individual
studies, pooled analysis showed no evidence of an association. These findings were unexpected given the
plausible pathways underlying the associations between serum albumin and adverse cardiometabolic
outcomes, which suggest that serum albumin might reduce the risk of type 2 diabetes. Indeed, two of the
included studies evaluated the associations between serum albumin change during follow-up and type 2
diabetes risk and observed that an increase in serum albumin during follow-up reduces the risk of type 2
11

diabetes.[68, 73] Though there was no evidence of publication bias using formal tests, subgroup analyses
suggested the current findings might due to selective reporting of studies (small study effects). It is well
established that due to ageing, changes in lifestyle, chronic disease, and errors in exposure assessments, using
baseline measurements of an exposure could underestimate the true strength of an association between an
exposure and disease outcome due to the phenomenon of regression dilution bias.[97] Since our analyses were
based on baseline serum albumin concentrations, the pooled estimates could be underestimates. In addition,
given the substantial heterogeneity between contributing studies for type 2 diabetes which may be explained
by factors such as differences in population characteristics (race, sex, genetic background, and underlying
subclinical disease) and study design characteristics (blood sampling, assays for serum albumin measurement,
or confounder adjustment), these findings need careful interpretation and replication in future studies. Finally,
evidence of effect modification by follow-up duration on the serum albumin-mortality association might
reflect protein degradation between sample collection and assay measurements for serum albumin. Serum
samples for determination of albumin were stored at low temperatures (-20℃ or less) for several years by
some of the studies and this could have affected the recovery rates of albumin.

Implications of findings
Although the associations demonstrated do not establish causality for any of the outcomes assessed, the
comprehensive evaluation helps to bridge the gaps in translating basic scientific findings into clinical practice.
Serum albumin is a simple, standardised, cost-effective and scalable biomarker which may represent a
potential therapeutic target for the prevention of adverse cardiometabolic outcomes – increasing or avoiding
low serum albumin levels could be a strategy for reducing the risk of these health outcomes. A number of
randomized controlled trials in surgery have demonstrated that nutritional supplementation is associated with
reduced risk of complications such as fracture.[98, 99] Studies are needed to ascertain if the current findings
have any causal relevance (Mendelian randomization) and definitive trials are also needed to investigate
potential therapeutic implications of albumin supplementation.
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Strengths and limitations
This study has several strengths. This represents the first attempt at summarising the overall evidence on the
associations of serum albumin with multiple outcomes using meta-analyses. We only included studies that had
exclusively recruited participants from general populations, thereby potentially minimizing any ‘reversecausation’ effects of clinically evident pre-existing disease on serum albumin levels. Though there was
inconsistent reporting of risk comparisons by included studies, we were able to standardise and harmonise risk
estimates to a common scale (extreme tertiles) to ensure consistency in the pooling approach. Other strengths
included assessment of exploration of heterogeneity and evaluation for publication bias where possible. Our
review also had potential limitations. First, some of the findings were based on single or limited number of
reports and hence require replication in future studies. Second, we were unable to perform consistent
multivariate adjustments by combining models with the same set of potential confounders owing to the reliance
on published data with variable degrees of adjustments across eligible studies. Third, we were unable to correct
the estimates for within-person variation in serum albumin levels over time which may have underestimated
associations, because the majority of studies evaluated associations using baseline levels of serum albumin. It
has been reported that serum albumin may exhibit low within-individual variation (the correlation coefficient
between measured levels of serum albumin several years apart is approximately 0.70 [1]); however, studies
with repeat assessments of serum albumin are still needed to assess its variability in greater detail. Fourth,
given the substantial heterogeneity between contributing studies for some of the outcomes (type 2 diabetes
and all-cause mortality), it was arguable whether a summary risk estimate should be presented rather than
reporting estimates in relevant subgroups. The presence of substantial heterogeneity makes pooling of risk
estimates somewhat controversial; however, in addition to the summary risk estimate, we have also reported
risk estimates for the several subgroups assessed although little of the heterogeneity was explained by any of
these study characteristics.

Conclusion
This aggregate systematic review and meta-analyses of long-term observational cohort studies involving
apparently healthy adults shows that elevated levels of circulating serum albumin are associated with reduced
13

risk of vascular disease, all-cause mortality, hypertension, VTE, certain cancers, and fracture. Inconsistent
findings for type 2 diabetes may be attributed to selective reporting by studies. Further research is needed to
assess any potential causal relevance to some of these findings and the role of serum albumin concentrations
in disease prevention.

Disclosure statement
No potential conflict of interest was reported by the authors.

Funding sources
This study was initiated and completed independently by the Primary Care Diabetes Study Group of the
European Association for the Study of Diabetes with full funding from Primary Care Diabetes Europe
(PCDE). PCDE has received corporate sponsorship from Eli Lilly, Novo Nordisk, Astra Zeneca and Roche
Diagnostics, but the companies had no input in the study

14

References
1.

Danesh J, Collins R, Appleby P, et al. Association of fibrinogen, C-reactive protein, albumin, or
leukocyte count with coronary heart disease: meta-analyses of prospective studies. Jama. 1998 May
13;279(18):1477-82. PubMed PMID: 9600484; eng.

2.

Russell M, McAdams M, Matarese L, et al. Contemporary nutrition support practice: a clinical guide.
Philadelphia: WB Sanders; 1998. Laboratory monitoring of nutritional status;p. 47-63.

3.

Harris D, Haboubi N. Malnutrition screening in the elderly population. Journal of the Royal Society
of Medicine. 2005 Sep;98(9):411-4. doi: 10.1258/jrsm.98.9.411. PubMed PMID: 16140852; PubMed
Central PMCID: PMC1199636.

4.

Phillips A, Shaper AG, Whincup PH. Association between serum albumin and mortality from
cardiovascular disease, cancer, and other causes. Lancet. 1989 Dec 16;2(8677):1434-6. PubMed
PMID: 2574367.

5.

Folsom AR, Lutsey PL, Heckbert SR, et al. Serum albumin and risk of venous thromboembolism.
Thromb Haemost. 2010 Jul;104(1):100-4. doi: 10.1160/TH09-12-0856. PubMed PMID: 20390234;
PubMed Central PMCID: PMCPMC2902783.

6.

Kunutsor SK, Seidu S, Katechia DT, et al. Inverse association between serum albumin and future risk
of venous thromboembolism: interrelationship with high sensitivity C-reactive protein. Ann Med.
2018 May;50(3):240-248. doi: 10.1080/07853890.2018.1441537. PubMed PMID: 29448840.

7.

Gillum RF. Assessment of serum albumin concentration as a risk factor for stroke and coronary
disease in African Americans and whites. Journal of the National Medical Association. 2000
Jan;92(1):3-9. PubMed PMID: 10800280; PubMed Central PMCID: PMC2640508.

8.

Schmidt MI, Duncan BB, Sharrett AR, et al. Markers of inflammation and prediction of diabetes
mellitus in adults (Atherosclerosis Risk in Communities study): a cohort study. Lancet. 1999 May
15;353(9165):1649-52. PubMed PMID: 10335783.

9.

Djousse L, Rothman KJ, Cupples LA, et al. Serum albumin and risk of myocardial infarction and allcause mortality in the Framingham Offspring Study [Research Support, Non-U.S. Gov't
Research Support, U.S. Gov't, P.H.S.]. Circulation. 2002 Dec 3;106(23):2919-24. PubMed PMID: 12460872;
eng.
10.

Nelson JJ, Liao D, Sharrett AR, et al. Serum albumin level as a predictor of incident coronary heart
disease: the Atherosclerosis Risk in Communities (ARIC) study. American journal of epidemiology.
2000 Mar 1;151(5):468-77. PubMed PMID: 10707915.

11.

Stranges S, Rafalson LB, Dmochowski J, et al. Additional contribution of emerging risk factors to the
prediction of the risk of type 2 diabetes: evidence from the Western New York Study. Obesity. 2008
Jun;16(6):1370-6. doi: 10.1038/oby.2008.59. PubMed PMID: 18356828.

12.

Abbasi A, Bakker SJ, Corpeleijn E, et al. Liver function tests and risk prediction of incident type 2
diabetes: evaluation in two independent cohorts. PloS one. 2012;7(12):e51496. doi:
10.1371/journal.pone.0051496. PubMed PMID: 23284703; PubMed Central PMCID: PMC3524238.

13.

Ishizaka N, Ishizaka Y, Nagai R, et al. Association between serum albumin, carotid atherosclerosis,
and metabolic syndrome in Japanese individuals. Atherosclerosis. 2007 Aug;193(2):373-9. doi:
10.1016/j.atherosclerosis.2006.06.031. PubMed PMID: 16904116.
15

14.

Cho HM, Kim HC, Lee JM, et al. The association between serum albumin levels and metabolic
syndrome in a rural population of Korea. Journal of preventive medicine and public health = Yebang
Uihakhoe chi. 2012 Mar;45(2):98-104. doi: 10.3961/jpmph.2012.45.2.98. PubMed PMID: 22509450;
PubMed Central PMCID: PMC3324721.

15.

Kunutsor SK, Khan H, Laukkanen JA. Serum albumin concentration and incident type 2 diabetes risk:
new findings from a population-based cohort study. Diabetologia. 2015 May;58(5):961-7. doi:
10.1007/s00125-015-3520-0. PubMed PMID: 25680582.

16.

Moher D, Liberati A, Tetzlaff J, et al. Preferred reporting items for systematic reviews and metaanalyses: the PRISMA statement [Guideline
Research Support, Non-U.S. Gov't]. PLoS Med. 2009 Jul 21;6(7):e1000097. doi:
10.1371/journal.pmed.1000097. PubMed PMID: 19621072; PubMed Central PMCID: PMC2707599.
eng.
17.

Stroup DF, Berlin JA, Morton SC, et al. Meta-analysis of Observational Studies in Epidemiology.
JAMA: The Journal of the American Medical Association. 2000 April 19, 2000;283(15):2008-2012.
doi: 10.1001/jama.283.15.2008. PubMed Central PMCID: PMC10789670.

18.

Kunutsor S, Apekey TA, Seddoh D, et al. Liver enzymes and risk of all-cause mortality in general
populations: a systematic review and meta-analysis. International Journal of Epidemiology
2014;43(1):187-201.

19.

Kunutsor SK, Apekey TA, Cheung BM. Gamma-glutamyltransferase and risk of hypertension: a
systematic review and dose-response meta-analysis of prospective evidence. J Hypertens. 2015
Dec;33(12):2373-81. doi: 10.1097/HJH.0000000000000763. PubMed PMID: 26485462.

20.

Wells GA, Shea B, O'Connell D, et al. The Newcastle-Ottawa Scale (NOS) for assessing the quality
of nonrandomised studies in meta-analyses 2011.
www.ohri.ca/programs/clinical_epidemiology/oxford.asp. [20 August]. Available from:
http://www.ohri.ca/programs/clinical_epidemiology/oxford.asp

21.

Kunutsor SK, Apekey TA, Khan H. Liver enzymes and risk of cardiovascular disease in the general
population: A meta-analysis of prospective cohort studies. Atherosclerosis. 2014 Sep;236(1):7-17.
doi: 10.1016/j.atherosclerosis.2014.06.006. PubMed PMID: 24998934.

22.

Chen HG, Sheng LT, Zhang YB, et al. Association of vitamin K with cardiovascular events and allcause mortality: a systematic review and meta-analysis. Eur J Nutr. 2019 Sep;58(6):2191-2205. doi:
10.1007/s00394-019-01998-3. PubMed PMID: 31119401.

23.

DerSimonian R, Laird N. Meta-analysis in clinical trials. Control Clin Trials. 1986 Sep;7(3):177-88.
doi: 0197-2456(86)90046-2 [pii]. PubMed PMID: 3802833; PubMed Central PMCID: PMC3802833

eng.
24.

Higgins JP, Thompson SG, Deeks JJ, et al. Measuring inconsistency in meta-analyses. BMJ. 2003 Sep
6;327(7414):557-60. doi: 10.1136/bmj.327.7414.557. PubMed PMID: 12958120; PubMed Central
PMCID: PMC192859. eng.

25.

Thompson SG, Sharp SJ. Explaining heterogeneity in meta-analysis: a comparison of methods. Stat
Med. 1999 Oct 30;18(20):2693-708. doi: 10.1002/(SICI)1097-0258(19991030)18:20<2693::AIDSIM235>3.0.CO;2-V [pii]. PubMed PMID: 10521860; eng.

16

26.

Begg CB, Mazumdar M. Operating characteristics of a rank correlation test for publication bias.
Biometrics. 1994 Dec;50(4):1088-101. PubMed PMID: 7786990; PubMed Central PMCID:
PMC7786990

eng.
27.

Egger M, Davey Smith G, Schneider M, et al. Bias in meta-analysis detected by a simple, graphical
test. BMJ. 1997 Sep 13;315(7109):629-34. PubMed PMID: 9310563; PubMed Central PMCID:
PMC2127453. eng.

28.

Miller MM, Goldberg HS, Wilkerson WG. Allergic contact dermatitis to 1,4bis(isopropylamino)anthraquinone. Caused by a felt-tip marker pen. Arch Dermatol. 1978
Dec;114(12):1793-4. PubMed PMID: 736588.

29.

Serum albumin and mortality. Lancet. 1990 Feb 10;335(8685):348-51. PubMed PMID: 1967782.

30.

Kuller LH, Eichner JE, Orchard TJ, et al. The relation between serum albumin levels and risk of
coronary heart disease in the Multiple Risk Factor Intervention Trial. American journal of
epidemiology. 1991 Dec 1;134(11):1266-77. doi: 10.1093/oxfordjournals.aje.a116030. PubMed
PMID: 1755441.

31.

Klonoff-Cohen H, Barrett-Connor EL, Edelstein SL. Albumin levels as a predictor of mortality in the
healthy elderly. J Clin Epidemiol. 1992 Mar;45(3):207-12. doi: 10.1016/0895-4356(92)90080-7.
PubMed PMID: 1569417.

32.

Corti MC, Guralnik JM, Salive ME, et al. Serum albumin level and physical disability as predictors of
mortality in older persons. Jama. 1994 Oct 5;272(13):1036-42. PubMed PMID: 8089886.

33.

Gillum RF, Ingram DD, Makuc DM. Relation between serum albumin concentration and stroke
incidence and death: the NHANES I Epidemiologic Follow-up Study. American journal of
epidemiology. 1994 Nov 15;140(10):876-88. doi: 10.1093/oxfordjournals.aje.a117176. PubMed
PMID: 7977275.

34.

Ko WF, Helzlsouer KJ, Comstock GW. Serum albumin, bilirubin, and uric acid and the anatomic sitespecific incidence of colon cancer. J Natl Cancer Inst. 1994 Dec 21;86(24):1874-5. doi:
10.1093/jnci/86.24.1874. PubMed PMID: 7990163.

35.

Corti MC, Salive ME, Guralnik JM. Serum albumin and physical function as predictors of coronary
heart disease mortality and incidence in older persons. J Clin Epidemiol. 1996 May;49(5):519-26. doi:
10.1016/0895-4356(95)00562-5. PubMed PMID: 8636725.

36.

Huang Z, Himes JH, McGovern PG. Nutrition and subsequent hip fracture risk among a national
cohort of white women. American journal of epidemiology. 1996 Jul 15;144(2):124-34. PubMed
PMID: 8678043.

37.

Sahyoun NR, Jacques PF, Dallal G, et al. Use of albumin as a predictor of mortality in community
dwelling and institutionalized elderly populations. J Clin Epidemiol. 1996 Sep;49(9):981-8. PubMed
PMID: 8780605.

38.

Weijenberg MP, Feskens EJ, Souverijn JH, et al. Serum albumin, coronary heart disease risk, and
mortality in an elderly cohort. Epidemiology. 1997 Jan;8(1):87-92. PubMed PMID: 9116102.

39.

Knekt P, Hakulinen T, Leino A, et al. Serum albumin and colorectal cancer risk. Eur J Clin Nutr.
2000 Jun;54(6):460-2. PubMed PMID: 10878646.
17

40.

Reuben DB, Ferrucci L, Wallace R, et al. The prognostic value of serum albumin in healthy older
persons with low and high serum interleukin-6 (IL-6) levels. J Am Geriatr Soc. 2000
Nov;48(11):1404-7. doi: 10.1111/j.1532-5415.2000.tb02629.x. PubMed PMID: 11083315.

41.

Hu P, Seeman TE, Harris TB, et al. Does inflammation or undernutrition explain the low cholesterolmortality association in high-functioning older persons? MacArthur studies of successful aging. J Am
Geriatr Soc. 2003 Jan;51(1):80-4. doi: 10.1034/j.1601-5215.2002.51014.x. PubMed PMID:
12534850.

42.

Shaper AG, Wannamethee SG, Whincup PH. Serum albumin and risk of stroke, coronary heart
disease, and mortality: the role of cigarette smoking. J Clin Epidemiol. 2004 Feb;57(2):195-202. doi:
10.1016/j.jclinepi.2003.07.001. PubMed PMID: 15125630.

43.

Schalk BW, Visser M, Bremmer MA, et al. Change of serum albumin and risk of cardiovascular
disease and all-cause mortality: Longitudinal Aging Study Amsterdam. American journal of
epidemiology. 2006 Nov 15;164(10):969-77. doi: 10.1093/aje/kwj312. PubMed PMID: 16980573.

44.

Ansai T, Takata Y, Soh I, et al. Relationship between chewing ability and 4-year mortality in a cohort
of 80-year-old Japanese people. Oral Dis. 2007 Mar;13(2):214-9. doi: 10.1111/j.16010825.2006.01269.x. PubMed PMID: 17305625.

45.

Carriere I, Dupuy AM, Lacroux A, et al. Biomarkers of inflammation and malnutrition associated
with early death in healthy elderly people. J Am Geriatr Soc. 2008 May;56(5):840-6. doi:
10.1111/j.1532-5415.2008.01677.x. PubMed PMID: 18410327; PubMed Central PMCID:
PMCPMC2683250.

46.

Okamura T, Hayakawa T, Hozawa A, et al. Lower levels of serum albumin and total cholesterol
associated with decline in activities of daily living and excess mortality in a 12-year cohort study of
elderly Japanese. J Am Geriatr Soc. 2008 Mar;56(3):529-35. doi: 10.1111/j.1532-5415.2007.01549.x.
PubMed PMID: 18179493.

47.

Grimm G, Haslacher H, Kampitsch T, et al. Sex differences in the association between albumin and
all-cause and vascular mortality. Eur J Clin Invest. 2009 Oct;39(10):860-5. doi: 10.1111/j.13652362.2009.02189.x. PubMed PMID: 19645741.

48.

Kucharska-Newton AM, Couper DJ, Pankow JS, et al. Hemostasis, inflammation, and fatal and
nonfatal coronary heart disease: long-term follow-up of the atherosclerosis risk in communities
(ARIC) cohort. Arteriosclerosis, thrombosis, and vascular biology. 2009 Dec;29(12):2182-90. doi:
10.1161/ATVBAHA.109.192740. PubMed PMID: 19797708; PubMed Central PMCID:
PMC3057473.

49.

Gopal DM, Kalogeropoulos AP, Georgiopoulou VV, et al. Serum albumin concentration and heart
failure risk The Health, Aging, and Body Composition Study. Am Heart J. 2010 Aug;160(2):279-85.
doi: 10.1016/j.ahj.2010.05.022. PubMed PMID: 20691833; PubMed Central PMCID:
PMCPMC2919495.

50.

Filippatos GS, Desai RV, Ahmed MI, et al. Hypoalbuminaemia and incident heart failure in older
adults. Eur J Heart Fail. 2011 Oct;13(10):1078-86. doi: 10.1093/eurjhf/hfr088. PubMed PMID:
21807662; PubMed Central PMCID: PMCPMC3177540.

51.

Kabagambe EK, Judd SE, Howard VJ, et al. Inflammation biomarkers and risk of all-cause mortality
in the Reasons for Geographic And Racial Differences in Stroke cohort. American journal of
epidemiology. 2011 Aug 1;174(3):284-92. doi: 10.1093/aje/kwr085. PubMed PMID: 21685411;
PubMed Central PMCID: PMCPMC3202158.
18

52.

Sidorenkov O, Nilssen O, Grjibovski AM. Determinants of cardiovascular and all-cause mortality in
northwest Russia: a 10-year follow-up study. Ann Epidemiol. 2012 Jan;22(1):57-65. doi:
10.1016/j.annepidem.2011.08.008. PubMed PMID: 21982128.

53.

Takata Y, Ansai T, Yoshihara A, et al. Serum albumin (SA) levels and 10-year mortality in a
community-dwelling 70-year-old population. Arch Gerontol Geriatr. 2012 Jan-Feb;54(1):39-43. doi:
10.1016/j.archger.2011.02.018. PubMed PMID: 21458870.

54.

Bae JC, Seo SH, Hur KY, et al. Association between Serum Albumin, Insulin Resistance, and
Incident Diabetes in Nondiabetic Subjects. Endocrinol Metab (Seoul). 2013 Mar;28(1):26-32. doi:
10.3803/EnM.2013.28.1.26. PubMed PMID: 24396647; PubMed Central PMCID:
PMCPMC3811792.

55.

Hu G, Duncan AW. Associations between selected laboratory tests and all-cause mortality. J Insur
Med. 2013;43(4):208-20. PubMed PMID: 24069781.

56.

Oda E. Decreased serum albumin predicts hypertension in a Japanese health screening population.
Intern Med. 2014;53(7):655-60. doi: 10.2169/internalmedicine.53.1894. PubMed PMID: 24694472.

57.

Olson NC, Cushman M, Lutsey PL, et al. Inflammation markers and incident venous
thromboembolism: the REasons for Geographic And Racial Differences in Stroke (REGARDS)
cohort. J Thromb Haemost. 2014 Dec;12(12):1993-2001. doi: 10.1111/jth.12742. PubMed PMID:
25292154; PubMed Central PMCID: PMCPMC4643856.

58.

Xu WH, Dong C, Rundek T, et al. Serum albumin levels are associated with cardioembolic and
cryptogenic ischemic strokes: Northern Manhattan Study. Stroke. 2014 Apr;45(4):973-8. doi:
10.1161/STROKEAHA.113.003835. PubMed PMID: 24549868; PubMed Central PMCID:
PMCPMC3966953.

59.

Liu Z, Zhong G, Li S, et al. Use of serum albumin and activities of daily living to predict mortality in
long-lived individuals over 95 years of age: a population-based study. Age (Dordr). 2015
Aug;37(4):9809. doi: 10.1007/s11357-015-9809-6. PubMed PMID: 26178970; PubMed Central
PMCID: PMCPMC4503704.

60.

Jin SM, Hong YJ, Jee JH, et al. Change in serum albumin concentration is inversely and
independently associated with risk of incident metabolic syndrome. Metabolism. 2016
Nov;65(11):1629-1635. doi: 10.1016/j.metabol.2016.08.006. PubMed PMID: 27733251.

61.

Merriel SW, Carroll R, Hamilton F, et al. Association between unexplained hypoalbuminaemia and
new cancer diagnoses in UK primary care patients. Fam Pract. 2016 Oct;33(5):449-52. doi:
10.1093/fampra/cmw051. PubMed PMID: 27343860.

62.

Umeki Y, Adachi H, Enomoto M, et al. Serum Albumin and Cerebro-cardiovascular Mortality During
a 15-year Study in a Community-based Cohort in Tanushimaru, a Cohort of the Seven Countries
Study. Intern Med. 2016;55(20):2917-2925. doi: 10.2169/internalmedicine.55.6931. PubMed PMID:
27746426; PubMed Central PMCID: PMCPMC5109556.

63.

Ghuman S, Van Hemelrijck M, Garmo H, et al. Serum inflammatory markers and colorectal cancer
risk and survival. Br J Cancer. 2017 May 9;116(10):1358-1365. doi: 10.1038/bjc.2017.96. PubMed
PMID: 28376082; PubMed Central PMCID: PMCPMC5482738.

64.

Hayward N, McGovern A, de Lusignan S, et al. U-shaped relationship between serum phosphate and
cardiovascular risk: A retrospective cohort study. PloS one. 2017;12(11):e0184774. doi:
19

10.1371/journal.pone.0184774. PubMed PMID: 29117214; PubMed Central PMCID:
PMCPMC5695582.
65.

Kuhn T, Sookthai D, Graf ME, et al. Albumin, bilirubin, uric acid and cancer risk: results from a
prospective population-based study. Br J Cancer. 2017 Nov 7;117(10):1572-1579. doi:
10.1038/bjc.2017.313. PubMed PMID: 28898231; PubMed Central PMCID: PMCPMC5680462.

66.

Liu M, Tang J, Zeng J, et al. Higher serum albumin was related with diabetes incidence and the
impact of BMI changes: Based on cohort study of 18,384 Chinese male elderly. J Diabetes
Complications. 2017 Dec;31(12):1663-1668. doi: 10.1016/j.jdiacomp.2017.08.015. PubMed PMID:
29033312.

67.

Schwartz GG, Tretli S, Vos L, et al. Prediagnostic serum calcium and albumin and ovarian cancer: A
nested case-control study in the Norwegian Janus Serum Bank Cohort. Cancer Epidemiol. 2017
Aug;49:225-230. doi: 10.1016/j.canep.2017.07.004. PubMed PMID: 28732327.

68.

Hwang YC, Jun JE, Hong WJ, et al. Baseline level and change in serum albumin concentration and
the risk of incident type 2 diabetes. J Diabetes Complications. 2018 Jan;32(1):61-66. doi:
10.1016/j.jdiacomp.2017.09.003. PubMed PMID: 29074121.

69.

Vazquez-Oliva G, Zamora A, Ramos R, et al. Analysis of Plasma Albumin, Vitamin D, and
Apolipoproteins A and B as Predictive Coronary Risk Biomarkers in the REGICOR Study. Rev Esp
Cardiol (Engl Ed). 2018 Nov;71(11):910-916. doi: 10.1016/j.rec.2018.01.027. PubMed PMID:
29764762.

70.

Wang L, Wang F, Liu J, et al. Inverse Relationship between Baseline Serum Albumin Levels and
Risk of Mild Cognitive Impairment in Elderly: A Seven-Year Retrospective Cohort Study. Tohoku J
Exp Med. 2018 Sep;246(1):51-57. doi: 10.1620/tjem.246.51. PubMed PMID: 30249938.

71.

Wu CY, Hu HY, Huang N, et al. Albumin levels and cause-specific mortality in community-dwelling
older adults. Prev Med. 2018 Jul;112:145-151. doi: 10.1016/j.ypmed.2018.04.015. PubMed PMID:
29649489.

72.

Kunutsor SK, Voutilainen A, Whitehouse MR, et al. Serum Albumin and Future Risk of Hip,
Humeral, and Wrist Fractures in Caucasian Men: New Findings from a Prospective Cohort Study.
Med Princ Pract. 2019 Mar 21. doi: 10.1159/000499738. PubMed PMID: 30893707.

73.

Hu F, Lou Y, Shi J, et al. Baseline serum albumin and its dynamic change is associated with type 2
diabetes risk: A large cohort study in China. Diabetes Metab Res Rev. 2020 Feb 4:e3296. doi:
10.1002/dmrr.3296. PubMed PMID: 32017334.

74.

Gillum RF, Makuc DM. Serum albumin, coronary heart disease, and death. Am Heart J. 1992
Feb;123(2):507-13. doi: 10.1016/0002-8703(92)90667-k. PubMed PMID: 1736588.

75.

Higgins JPT, Green S. (editors). Cochrane Handbook for Systematic Reviews of Interventions
Version 5.1.0 [updated March 2011]. The Cochrane Collaboration, 2011. [cited 2013 01 March].
Available from: www.cochrane-handbook.org.

76.

Libby P, Ridker PM, Hansson GK. Progress and challenges in translating the biology of
atherosclerosis. Nature. 2011 May 19;473(7347):317-25. doi: 10.1038/nature10146. PubMed PMID:
21593864.

77.

Hansson GK. Inflammation, atherosclerosis, and coronary artery disease. N Engl J Med. 2005 Apr
21;352(16):1685-95. doi: 10.1056/NEJMra043430. PubMed PMID: 15843671.
20

78.

Emerging Risk Factors C, Kaptoge S, Di Angelantonio E, et al. C-reactive protein concentration and
risk of coronary heart disease, stroke, and mortality: an individual participant meta-analysis. Lancet.
2010 Jan 9;375(9709):132-40. doi: 10.1016/S0140-6736(09)61717-7. PubMed PMID: 20031199;
PubMed Central PMCID: PMC3162187.

79.

Danesh J, Lewington S, Thompson SG, et al. Plasma fibrinogen level and the risk of major
cardiovascular diseases and nonvascular mortality: an individual participant meta-analysis [MetaAnalysis
Research Support, Non-U.S. Gov't]. Jama. 2005 Oct 12;294(14):1799-809. doi: 10.1001/jama.294.14.1799.
PubMed PMID: 16219884; eng.
80.

Kaptoge S, Seshasai SR, Gao P, et al. Inflammatory cytokines and risk of coronary heart disease: new
prospective study and updated meta-analysis. Eur Heart J. 2014 Mar;35(9):578-89. doi:
10.1093/eurheartj/eht367. PubMed PMID: 24026779; PubMed Central PMCID: PMCPMC3938862.

81.

Danesh J, Muir J, Wong YK, et al. Risk factors for coronary heart disease and acute-phase proteins. A
population-based study. Eur Heart J. 1999 Jul;20(13):954-9. doi: 10.1053/euhj.1998.1309. PubMed
PMID: 10361047.

82.

Fox EA, Kahn SR. The relationship between inflammation and venous thrombosis. A systematic
review of clinical studies. Thromb Haemost. 2005 Aug;94(2):362-5. doi: 10.1160/TH05-04-0266.
PubMed PMID: 16113826.

83.

Barbour KE, Boudreau R, Danielson ME, et al. Inflammatory markers and the risk of hip fracture: the
Women's Health Initiative. J Bone Miner Res. 2012 May;27(5):1167-76. doi: 10.1002/jbmr.1559.
PubMed PMID: 22392817; PubMed Central PMCID: PMCPMC3361578.

84.

Velasquez Forero F, Garcia Prugue N, Ruiz Morales N. Idiopathic nephrotic syndrome of the adult
with asymptomatic thrombosis of the renal vein. Am J Nephrol. 1988;8(6):457-62. PubMed PMID:
3218659.

85.

Mahmoodi BK, ten Kate MK, Waanders F, et al. High absolute risks and predictors of venous and
arterial thromboembolic events in patients with nephrotic syndrome: results from a large retrospective
cohort study. Circulation. 2008 Jan 15;117(2):224-30. doi:
10.1161/CIRCULATIONAHA.107.716951. PubMed PMID: 18158362.

86.

Konigsbrugge O, Posch F, Riedl J, et al. Association Between Decreased Serum Albumin With Risk
of Venous Thromboembolism and Mortality in Cancer Patients. Oncologist. 2016 Feb;21(2):252-7.
doi: 10.1634/theoncologist.2015-0284. PubMed PMID: 26764252; PubMed Central PMCID:
PMCPMC4746083.

87.

Sogaard KK, Horvath-Puho E, Gronbaek H, et al. Risk of venous thromboembolism in patients with
liver disease: a nationwide population-based case-control study. Am J Gastroenterol. 2009
Jan;104(1):96-101. doi: 10.1038/ajg.2008.34. PubMed PMID: 19098856.

88.

Zuliani G, Romagnoni F, Volpato S, et al. Nutritional parameters, body composition, and progression
of disability in older disabled residents living in nursing homes. J Gerontol A Biol Sci Med Sci. 2001
Apr;56(4):M212-6. PubMed PMID: 11283193.

89.

Covinsky KE, Covinsky MH, Palmer RM, et al. Serum albumin concentration and clinical
assessments of nutritional status in hospitalized older people: different sides of different coins? J Am
Geriatr Soc. 2002 Apr;50(4):631-7. PubMed PMID: 11982662.

21

90.

Wu AW, Yasui Y, Alzola C, et al. Predicting functional status outcomes in hospitalized patients aged
80 years and older. J Am Geriatr Soc. 2000 May;48(5 Suppl):S6-15. PubMed PMID: 10809451.

91.

Rozzini R, Barbisoni P, Frisoni GB, et al. Albumin as a predictor of mortality in elderly patients. J
Clin Epidemiol. 1997 Jul;50(7):865-7. PubMed PMID: 9253400.

92.

Zhou MS, Wang A, Yu H. Link between insulin resistance and hypertension: What is the evidence
from evolutionary biology? Diabetology & metabolic syndrome. 2014;6(1):12. doi: 10.1186/17585996-6-12. PubMed PMID: 24485020; PubMed Central PMCID: PMC3996172.

93.

Ikai E, Ishizaki M, Suzuki Y, et al. Association between hepatic steatosis, insulin resistance and
hyperinsulinaemia as related to hypertension in alcohol consumers and obese people. Journal of
human hypertension. 1995 Feb;9(2):101-5. PubMed PMID: 7752170.

94.

Halliwell B. Albumin--an important extracellular antioxidant? Biochem Pharmacol. 1988 Feb
15;37(4):569-71. doi: 10.1016/0006-2952(88)90126-8. PubMed PMID: 3277637.

95.

Zoellner H, Hofler M, Beckmann R, et al. Serum albumin is a specific inhibitor of apoptosis in human
endothelial cells. J Cell Sci. 1996 Oct;109 ( Pt 10):2571-80. PubMed PMID: 8923218.

96.

Asher V, Lee J, Bali A. Preoperative serum albumin is an independent prognostic predictor of
survival in ovarian cancer. Med Oncol. 2012 Sep;29(3):2005-9. doi: 10.1007/s12032-011-0019-5.
PubMed PMID: 21735143.

97.

Hutcheon JA, Chiolero A, Hanley JA. Random measurement error and regression dilution bias. BMJ.
2010 Jun 23;340:c2289. doi: 10.1136/bmj.c2289. PubMed PMID: 20573762.

98.

Eneroth M, Olsson UB, Thorngren KG. Nutritional supplementation decreases hip fracture-related
complications. Clin Orthop Relat Res. 2006 Oct;451:212-7. doi:
10.1097/01.blo.0000224054.86625.06. PubMed PMID: 16770284.

99.

Delmi M, Rapin CH, Bengoa JM, et al. Dietary supplementation in elderly patients with fractured
neck of the femur. Lancet. 1990 Apr 28;335(8696):1013-6. PubMed PMID: 1970070.

22

Figure legends
Figure 1. PRISMA flow diagram

Figure 2. Summary associations of serum albumin with primary and secondary outcomes

CHD, coronary heart disease; CI, confidence interval (bars); CVD, cardiovascular heart disease; MI,
myocardial infarction; RR, relative risk; SCD, sudden cardiac death; VTE, venous thromboembolism

Figure 3. Associations of serum albumin with type 2 diabetes risk in eligible studies

The summary estimates presented were calculated using random effects models; CI, confidence interval
(bars); RR, relative risk; T2D, type 2 diabetes

Figure 4. Associations of serum albumin with all-cause mortality risk in eligible studies

The summary estimates presented were calculated using random effects models; CI, confidence interval
(bars); RR, relative risk
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