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1  |  INTRODUC TION

Hypertension remains a worldwide public health burden. The global 
prevalence of hypertension is rising mainly due to the population 
aging and obesity.1 Estimated number of hypertensive adults will 
reach 1.56 billion by 2025.2 Hypertension is a well- established 
risk factor for cardiovascular disease, renal disease, and premature 
death. In order to improve the secondary prevention and minimize 

its complications, early prediction of individuals at risk of hyperten-
sion is of great importance.

Albumin detected in the urine may represent a sign of kidney dis-
ease. Urine albumin- to- creatinine ratio (UACR) is most frequently ap-
plied to diagnose albuminuria. In spot urine specimens, normal level of 
UACR is below 30 mg/g. The normal UACR value is less than or equal 
to 17 mg/g in men but in women, the level is observed to be higher 
ranging around 25 mg/g.3 Value of 30 to 300 mg/g in the spot urine 
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Abstract
Inconsistent findings on the association between urine albumin- to- creatinine ratio 
(UACR) and risk of hypertension have been reported. This meta- analysis sought to 
evaluate the association between the elevated level of UACR within the normal range 
and incident hypertension in the general population. We comprehensively searched 
PubMed and Embase databases until July 31, 2020. All longitudinal observational 
studies that assessed the association of elevated baseline level of UACR within the 
normal range with incident hypertension in the general population were included. 
The predictive value was estimated by pooling risk ratio (RR) with 95% confidence in-
tervals (CI) for the highest versus the lowest category of UACR level. Nine articles (10 
studies) involving 27 771 individuals were identified and analyzed. When compared 
with the lowest category of UACR, individuals with the highest UACR had a 1.75- fold 
(RR 1.75; 95% CI 1.47– 2.09; p < .001) higher risk of hypertension in a random effect 
model. Gender- specific analysis indicated that the impact of UACR on the develop-
ment of hypertension seemed to be stronger in women (RR 2.47; 95% CI 1.10– 5.55; 
p = .029) than in men (RR 1.88; 95% CI 1.35– 2.61; p < .001). An increased UACR within 
the normal range is independently associated with a higher risk of hypertension in the 
general population. Baseline UACR can be served as a predictor of incident hyperten-
sion in the general population.
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is considered as presence of microalbuminuria. Microalbuminuria 
has been identified as an independent predictor of coronary artery 
disease, cardiovascular, and all- cause death in the general popula-
tion.4 Several observational studies5– 12 have provided evidence of 
an association between a slight increase in UACR within the normal 
range and incident hypertension with conflicting results. Particularly, 
one study12 reported that the association of UACR with incident 
hypertension was female- specific, whereas other5 did not find the 
significant association in women. These conflicting findings may be 
correlated with the impact of gender- specific cutoff value of UACR.13

To the best of our knowledge, no previous systematic review 
and meta- analysis have assessed the association between elevated 
UACR within the normal range and development of hypertension. To 
address this knowledge gap, we perform this meta- analysis to an-
swer whether elevated level of albuminuria within the normal range 
can predict incident hypertension in the general population.

2  |  METHODS

2.1  |  Data sources and searches

We performed this meta- analysis according to the guideline of 
the Preferred Reporting Items for Systematic Reviews and Meta- 
analyses Statement.14 A comprehensive literature search was con-
ducted on PubMed and Embase databases until July 31, 2020, using 

the following terms in combination: “albumin creatinine ratio” AND 
“hypertension” AND “follow- up”. We also manually scanned the ref-
erence lists of included articles and pertinent reviews to identify ad-
ditional studies.

2.2  |  Study selection

Two authors independently selected the eligible studies accord-
ing to the following inclusion criteria: (a) longitudinal observational 
studies that enrolled the participants in the general population; (b) 
exposure: baseline UACR within the normal range (spot urine UACR 
from 0 to 30 mg/g); (c) comparison: the highest versus the lowest 
category of UACR level; (d) outcome measure: incident hyperten-
sion; and (e) provided multivariable- adjusted risk summary of hyper-
tension. Hypertension was defined as a systolic blood pressure of at 
least 140 mm Hg and/or diastolic blood pressure of at least 90 mm 
Hg, or use of antihypertensive drugs. Exclusion criteria were as fol-
lows: (a) participants with hypertension at baseline; (b) albuminuria 
as exposure; and (c) analysis of UACR level by continuous value.

2.3  |  Data extraction and quality assessment

The following relevant data were extracted by two independent au-
thors: first author's last name, publication year, study design, source 

F I G U R E  1  Flow chart of studies 
selection process
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of population, participants, sample sizes, gender distribution, age at 
baseline, cutoff of UACR elevation, definition of hypertension, case 
of hypertension event, length of follow- up, multivariable- adjusted 
risk ratio (RR) or hazard ratio (HR) with their 95% confidence inter-
vals (CI), and adjusted confounders. Methodological quality of in-
cluded studies was assessed with a 9- point Newcastle- Ottawa Scale 
(NOS).15 Those with a score of 7 points or more were deemed as 
high- quality studies. Any disagreement was resolved by consulting 
with the third author.

2.4  |  Statistical analysis

The data were analyzed using Stata 12.0 (Stata Corporation). The 
pooling risk estimate of hypertension was calculated for the high-
est versus the lowest category of UACR. Heterogeneity between 
studies was explored using the I2 statistics (significance set at 
≥50%) and Cochrane Q test (significance set at p < .10). A random 
effect model was selected when there was statistically signifi-
cant heterogeneity; otherwise, we choose a fixed- effect model. 
In case of random effect model analysis, we also estimated a 95% 
predictive interval using the “rfdist” option under the metan com-
mand. In order to observe the credibility of the pooled risk sum-
mary, we conducted a sensitivity analysis by removal of any single 
study each time. Subgroup analyses were conducted according to 
study design, number of participants, gender, menopausal status, 
duration of follow- up, and whether adjusted estimated glomerular 
filtration rate (eGFR). Begg's test16 and Egger's test17 were used 
to examine the publication bias. A trim- and- fill analysis was con-
ducted to investigate the impact of publication bias when the pub-
lication bias was observed.

3  |  RESULTS

3.1  |  Search results and studies' characteristics

Of 1052 potential records identified, 37 full- text articles were re-
trieved for assessment of eligibility. Twenty- eight articles were 
removed with various reasons (Figure 1). Forman and colleagues 
article5 included first Nurses' Health Study (NHS I) and the second 
Nurses' Health Study (NHS II). Thus, nine articles (10 studies)5– 12,18 
were finally included in this analysis.

Table 1 describes the main characteristic of the included studies. 
These studies were published from 2008 to 2017 and performed in 
the United States,10,18 Pakistan,7 Japan,6,9,18 and Korea.8,11,12 Two 
articles9,11 were retrospective designs and others were prospec-
tive studies. Sample sizes ranged from 412 to 9,102 individuals. 
The overall number was 27 771 participants. The follow- up length 
ranged between 2.0 and 11 years. Eight studies5,8– 12,18 were classi-
fied as high- quality studies according to the NOS criteria.

3.2  |  Hypertension

All the included studies reported the association between UACR and 
incident hypertension. As shown in Figure 2, a random effect model 
was applied because there was significant heterogeneity (I2 = 61.0%; 
p = .004). Meta- analysis showed that individuals with the highest 
UACR had a 75% higher risk of incident hypertension (RR 1.75; 95% 
CI 1.47– 2.09) when compared with those with the lowest UACR. 
The predictive interval for the RR of hypertension was 1.06 to 2.89. 
Sensitivity analysis further confirmed the robustness of the original 
predictive value (data not shown). Table 2 summarizes the results of 
subgroup analysis. Both the Begg's test (p = .062) and the Egger's 

F I G U R E  2  Forest plots showing pooled 
RR with 95% CI of incident hypertension 
for the highest versus the lowest category 
of UACR. Circle and squares represent the 
estimated effect size and percentage of 
weight of individual studies, respectively. 
Diamonds represent the pooled effect 
sizes from all the studies
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test (p = .004) suggested the presence of publication bias. However, 
the “trim- and- fill” analysis indicates that the pooling risk estimate 
of hypertension remained statistically significant (RR 1.42; 95% CI 
1.03– 1.90) when imputed these 6 missing studies (Figure 3).

3.3  |  Gender- stratified analysis

One study12 reported the risk estimates by gender, one study8 re-
cruited men only, and one article5 only enrolled women. As shown 
in Figure 4, when the highest UACR were compared with the lowest 

UACR, the pooled RR of hypertension was 2.47 (95% CI: 1.10– 
5.55; I2 = 78.1%, p = .010) for women and 1.88 (95% CI: 1.35– 2.61; 
I2 = 0.0%, p = .941) for men in a random effect model.

4  |  DISCUSSION

This is the first meta- analysis to examine the association between 
UACR level at baseline and development of hypertension. The main 
finding of this meta- analysis is that elevated UACR even within the 
normal range is independently associated with an increased risk of 
hypertension in the general population. The pooled multivariable- 
adjusted risk estimate of the association of UACR with incident hy-
pertension showed that individuals with the highest UACR level had 
a 75% higher risk of future hypertension compared to those with the 
lowest UACR. This finding reveals that baseline UACR can be served 
as a predictor of incident hypertension in the general population.

Recently, albuminuria has been proposed as a cause of hyperten-
sion.19 However, there are different degrees of albuminuria accord-
ing to the amounts of protein in the urine. Clinicians usually examine 
the ratio of albumin to creatinine for the detection of albuminuria. 
Lower amounts of albumin constitute a condition known as micro-
albuminuria. Our meta- analysis specially focused on the predictive 
role of elevated UACR within the normal range in the general popu-
lation. Apart from the categorical analysis of UACR, per 10- fold in-
crease of baseline UAER level was also significantly associated with 
higher risk of incident hypertension (RR 2.29; 95%CI 1.77-  2.95) in 
the general population.20 Also, normal- range UACR level in healthy 
individuals increased over time was associated with an increased risk 

Subgroup
Number of 
studies Pooled RR 95% CI

Heterogeneity 
between studies

Study design

Prospective 8 1.85 1.44– 2.37 p = .005; I2 = 63.2%

Retrospective 2 1.70 1.33– 2.17 p = .105; I2 = 61.9%

Region

Asia 7 1.75 1.55– 1.97 p = .407; I2 = 3.0%

USA 3 1.64 1.03– 2.59 p = .010; I2 = 78.92%

Sample sizes

≥1000 8 1.68 1.40– 2.00 p = .006; I2 = 62.7%

<1000 2 2.56 1.56– 4.19 p = .864; I2 = 0.0%

Follow- up duration

≥5 years 4 1.60 1.19– 2.15 p = .008; I2 = 74.7%

<5 years 6 1.90 1.51– 2.39 p = .111; I2 = 42.0%

Adjusted eGFR

Yes 8 1.68 1.40– 2.00 p = .006; I2 = 62.7%

No 2 2.56 1.56– 4.19 p = .864; I2 = 0.0%

Menopausal status

Postmenopausal 2 4.62 2.38– 8.96 p = .639; I2 = 0.0%

Premenopausal 2 1.51 0.76– 3.01 p = .274; I2 = 16.4%

Abbreviations: CI, confidence intervals; eGFR, estimated glomerular filtration rate; RR, risk ratio.

TA B L E  2  Results of subgroup analysis

F I G U R E  3  Funnel plot showing the association of urine albumin- 
to- creatinine ratio (UACR) with incident hypertension. The circles 
alone are real studies and the circles enclosed in boxes are “filled” 
studies
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of hypertension.21 Taken together, these findings support that ele-
vated UACR conferred an increased risk of incident hypertension.

There may be a gender- specific association of elevated UACR 
within the normal range with incident hypertension.12 Our sub-
group analysis showed that elevated UACR level was associated 
with an increased risk of hypertension in both men and women. 
However, this conclusion was established in a small number of 
studies. Future well- designed studies are required to further 
confirm this finding. Women had higher normal UACR level than 
men.12,22 Gender- specific reference value of UACR may be con-
tributed to the different predictive role. Menopausal status may 
affect the association between UACR level and risk of hyperten-
sion. Stratified analysis suggested that postmenopausal women 
but not premenopausal women exhibit a significant association of 
elevated UACR with incident hypertension. This finding may be 
explained by lack of protection by estrogen in postmenopausal 
women.

The association between UACR and incident hypertension may 
be affected by renal function. Subgroup analysis indicated that the 
predictive value of elevated UACR was slightly attenuated after ad-
justing for the eGFR. However, this association remained statisti-
cally significant after adjustment of eGFR. These findings suggest 
that high normal UACR is still a predictor of incident hypertension 
even in the absence of kidney disease.

The mechanisms underlying the association of UACR with inci-
dent hypertension are largely unknown. Increased urinary albumin 
excretion can reflect glomerular and systemic vascular endothelial 
dysfunction.23 On the other hand, low- grade inflammation is de-
terminants of the development of elevated UAER.24,25 Glomerular 
hyperfiltration induced by inflammation may be linked between the 
albumin excretion and hypertension.

Nevertheless, this meta- analysis has several limitations. First, 
specimen for analyzing UACR was collected from a single spot 
urine sample rather than a 24- h collection, which may increase the 

possibility of misclassification of participants. Second, cutoff values 
of elevated UACR were not uniform in the analyzed studies. Notably, 
majority of included studies did not use the gender- specific UACR26 
to assess the association between UACR and incident hypertension 
which may have affected their predictive values. Third, significant 
heterogeneity was observed in pooling the overall predictive role of 
UACR. Different cutoffs of UACR elevation, duration of follow- up, 
gender distribution, and degrees of the adjusted model may be 
partly responsible for the significant heterogeneity. Finally, the pool-
ing risk summary may be slightly overestimated due to the impact of 
publication bias.

5 | CONCLUSIONS

This meta- analysis indicates that even within the normal range of 
urinary albumin excretion, elevated UACR at baseline is associated 
with an increased risk of hypertension in the general population. For 
individuals with high UACR, closer monitoring of blood pressure is 
highly recommended. However, further studies are warranted to in-
vestigate the gender- specific predictive role of UACR.
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