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Purpose: There is a close correlation between menopausal age and cardiovascular disease 
(CVD) risk. Some research suggests that this risk is attributable to an elevated urinary 
albumin-creatinine ratio (UACR), but further work is needed to explore the link between 
UACR and age at time of menopause.
Patients and Methods: Data analyzed in the present study were derived from seven 
regional centers participating in the REACTION study. A total of 21,672 postmenopausal 
women met with our study inclusion and exclusion criteria, and were split into three groups 
based upon their age at onset of natural menopause. A UACR ≥ 30 mg/g was the primary 
outcome measure for this study. Odds ratios (ORs) and 95% confidence intervals (CIs) were 
calculated with a logistic regression approach.
Results: Relative to women who were 46–50 years old at time of natural menopause, those 
with an earlier onset of menopause (≤45 years) exhibited an increased risk of UACR 
elevation following adjustment for confounding variables (OR: 1.18, 95% CI: 1.04–1.33), 
whereas the opposite was true for women with a later age of menopause onset (>50 years) 
(OR: 0.86, 95% CI: 0.78–0.94). For every 1-year delay in the onset of menopause, UACR 
risk fell by 3% (OR: 0.97, 95% CI: 0.96–0.98).
Conclusion: In summary, early menopause (≤45 years old) was linked to a higher risk of 
UACR elevation in postmenopausal women. However, further work will be needed to 
understand the mechanistic basis for these findings.
Keywords: age, urinary albumin-creatinine ratio, menopause

Introduction
Menopause is an important transitional period for women corresponding to the 
end of their reproductive lifespan. Age at time of natural menopause is 
a potential indicator of overall health status and somatic aging, with consider-
able variability among individuals.1 Studies of Western populations have 
shown that approximately 10% of women undergo menopause prior to the 
age of 45, resulting in a significantly decreased premenopausal estrogen expo-
sure duration relative to women with later-onset menopause.2,3 Muka et al4 

conducted a meta-analysis which revealed an elevated risk of cardiovascular 
disease (CVD) and mortality among women who undergo early-onset meno-
pause (<45 years).
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Metabolic diseases can have a profound negative 
impact on kidney function, and chronic kidney disease 
(CKD) can drive the development of anemia, altered 
bone metabolism, cognitive disorder, and CVD.5,6 

Microalbuminuria (MAU), in particular, is a sensitive 
biomarker of early renal vascular damage and CVD 
risk.7–10 The urinary albumin-creatinine ratio (UACR) 
can be used to monitor the rate of urinary albumin excre-
tion, and there is some evidence that elevated UACR is 
linked to elevated cardiovascular mortality rates.11 

Furthermore, in late-onset type 2 diabetes mellitus 
(T2DM) patients, each 3.01 mg/g (0.4 mg/mmol) rise in 
UACR has been shown to be linked to a 5.9% rise in the 
risk of cardiovascular events.12 While UACR is closely 
linked to CVD risk, whether age of natural menopause 
onset is linked to increases in UACR remains to be 
established.

As such, the present large cross-sectional analysis was 
designed to evaluate the association between UACR and 
age at natural menopause among different subgroups of 
postmenopausal women in China.

Patients and Methods
Study Participants
This cross-sectional analysis was conducted as a part of 
the ongoing longitudinal REACTION study, which aims to 
evaluate relationships between prediabetes, T2DM, and 
cancer rates in a Chinese population.13 In total, 47,808 
participants >40 years of age were recruited to this study 
from seven regional centers (Dalian, Guangzhou, 
Zhengzhou, Lanzhou, Luzhou, Wuhan, and Shanghai), of 
whom 33,129 were female (69.30%). Of these women, 
11,457 were excluded from this analysis as (1) they were 
premenopausal (n= 6675); (2) they did not have available 
menopause-related data (n=2252); or (3) they had under-
gone iatrogenic or unnatural menopause (n=2190; 
Figure 1). In addition, women diagnosed with primary 
kidney diseases (kidney stones [n=8], nephrotic syndrome 
[n=14], chronic kidney disease [n=198], and other kidney 
diseases [n=120]) were excluded, resulting in the inclusion 
of 21,672 total women in the final analytical cohort 
(Figure 1). The Committee on Human Research at Rui- 
Jin Hospital affiliated with the School of Medicine, 
Shanghai Jiao Tong University approved the present 
study, which was consistent with the Declaration of 
Helsinki. All patients provided informed consent to 
participate.

Data Collection
A standardized approach was used by trained researchers 
to collect all study data. Study participants completed 
a questionnaire regarding their age, sex, education level, 
medical history, medication usage, menopause status, and 
behavior (sleep quality, physical activity, and smoking and 
drinking status). Patients were instructed to take off their 
shoes, coats, and hats prior to the measurement of weight 
and height. Waist circumference (WC) was measured at 
the horizontal level of the midpoint of the ligature between 
the anterior superior spine and the inferior margin of the 
twelfth rib. Hip circumference (HC) was defined at the 
horizontal level of the most protruding part of the hip. 
Subject blood pressure (BP) was assessed thrice at 1-min-
ute intervals after a 5-minute rest period and averaged 
together. Venous blood was obtained after an overnight 
fast (≥10 h). Oral glucose tolerance tests were conducted 
using 75 g or 100 g of steamed bread for patients without 
T2DM and with T2DM, respectively. An automated enzy-
matic approach was used to measure fasting blood glucose 
(FBG), 2 h post-load blood glucose (PBG), triglycerides 
(TG), high-density lipoprotein cholesterol (HDL-C), low- 
density lipoprotein cholesterol (LDL-C), haemoglobin A1c 
(HbA1c), alanine transferase (ALT), aspartate transferase 
(AST), gamma-glutamyl transferase (GGT), and serum 
creatinine (Cr) at appropriate regional centers. Levels of 
urinary creatinine and albumin were analyzed using sterile 
first-void urine samples obtained in the morning.

Study Variable Definitions
Patient body mass index (BMI) was defined by dividing 
patient weight (kg) by the square of their height (m). The 
waist-to-hip ratio was calculated by dividing WC by HC. 
Patient estimated glomerular filtration rate (eGFR) was 
defined based upon the Chronic Kidney Disease 
Epidemiology Collaboration (CKD-EPI) criteria.14 

Participant educational level was classified as being low 
(illiteracy or primary education only), intermediate (junior 
to senior secondary education or vocational education), or 
high (higher vocational or university education). Sleep 
quality was classified as being either poor or good. 
Hormone therapy was defined as a history of the use of 
oral contraceptives and/or hormone replacement therapy 
(estrogen vs estrogen and progesterone). Participant alco-
hol intake and smoking status were defined based upon 
whether they never drank/smoked, were current smokers/ 
drinkers, or had quit drinking/smoking. T2DM was 
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diagnosed as per WHO guidelines as a history of T2DM or 
an FBG ≥ 7.0 mmol/L or PBG ≥ 11.1 mmol/L. Impaired 
glucose regulation (IGR) was defined as 5.6 ≤ FPG < 7.0 
mmol/L and/or 7.8 ≤ PPG < 11.1 mmol/L. Hypertension 
was defined by a reported history thereof, SBP ≥ 140 
mmHg, or DBP ≥90 mmHg, whereas prehypertension 
was defined by 120 ≤ SBP < 140 mmHg or 80 ≤ DBP 
< 90 mmHg. Patients were defined as suffering from 
dyslipidemia as per the Joint Committee for Developing 
Chinese Guidelines on Prevention and Treatment of 
Dyslipidemia in Adults criteria or based upon a self- 
reported history of hyperlipidemia.15 CVD was defined 
by self-reported history of cardiovascular events or condi-
tions including myocardial infarction, stroke, and coronary 
heart disease. Any family history of cancer/T2DM was 
established using self-report questionnaires. The immuno-
turbidimetric method was used to measure urinary 

albumin, and the creatinine oxidase method was used to 
measure urinary creatinine. UACR was calculated based 
upon the ratio of urinary albumin to urinary creatinine, and 
was reported as a categorical variable (≥30 mg/g or 
<30 mg/g). The primary outcome for the present study 
was an increased UACR (≥30 mg/g).

Participant age of natural menopause was defined 
based upon self-reported questionnaires, and women 
were defined as being postmenopausal if they had not 
experienced a menstrual period within ≥12 months.16 As 
this study only included women who had experienced 
natural menopause, menopausal age was calculated as 
either the self-reported age at final menstrual period or 
the year final menstrual period minus birth year when 
subjects were unable to recall their exact age at time of 
menopause. These women were stratified into three 
groups based upon whether they experienced early, 

Figure 1 Flowchart of participants from the REACTION Study.
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normal, or late menopause (≤45, 46–50, and >50 years, 
respectively).17

Statistical Analyses
SPSS 22.0 (IBM, IL, USA) was employed for all statistical 
testing. The Kolmogorov–Smirnov test was employed to 
the normality of study data. Continuous data were given as 
mean±SD and median (interquartile range) when normally 
and non-normally distributed, respectively, whereas cate-
gorical variables are given as percentages. Continuous 
variables were compared via one-way ANOVAs or 
Kruskal–Wallis H-tests, while Pearson Chi-squared or 
Fisher’s exact tests were used to compare categorical 
data as appropriate. Analytical models were assessed for 
potential multicollinearity, but no evidence of such colli-
nearity was detected as evidenced by a variance inflation 
factor <5. Odds ratios (ORs) and 95% confidence intervals 
(CIs) were estimated using logistic regression analyses in 
order to assess the link between UACR and age at onset of 
natural menopause. Three different models were devel-
oped in an effort to appropriately adjust these analyses 
for potential confounding variables. Model 1 was adjusted 
for age and age at menarche. Model 2 was additionally 
adjusted for education level, sleep quality, CVD history, 
medication usage (hormone therapy, antihypertensive 
drugs, and hypoglycemic drugs), eGFR, and family history 
of cancer/diabetes. Model 3 was additionally adjusted for 
BMI, WC/HC, FBG, HDL-c, LDL-c, insulin, HbA1c, 
SBP, DBP, TG, ALT, AST, PBG, and GGT.

Subgroup analyses were conducted based upon patient 
age (<60 years, ≥60 years), BMI (<24 kg/m2, 
24–28 kg/m2, ≥28 kg/m2),18 eGFR (< 90 mL/ 
(min·1.73 m2), ≥90 mL/(min·1.73 m2)19), blood glucose, 
and BP as in prior studies. Interactions between age of 
menopause and potential confounding variables were 
assessed among different UACR groups. A two-sided 
P < 0.05 was the significance threshold.

Results
Study Participant Characteristics
In total, 21,672 postmenopausal women were enrolled in 
this analysis and were stratified based upon whether they 
experienced early, normal, or late menopause (≤45, 46–50, 
or >50 years, respectively; Table 1). The median baseline 
patient age was 59 (interquartile range: 55–65), and the 
median menopausal age of these participants was 50 
(interquartile range: 48–52). Of these patients, 13.1% 

(n = 2846), 49.9% (n = 10,809), and 37.0% (n = 8017) 
experienced early, normal, and late menopause, respec-
tively. More advanced menopausal age was associated 
with increased BMI (P < 0.0001), WC (P < 0.0001), BP 
(P < 0.0001), LDL-c (P < 0.0001), eGFR (P = 0.0027), 
hypertension incidence (P = 0.0003), and family history of 
cancer/diabetes (P < 0.0001). Earlier age of menopause, in 
contrast, was associated with a lower level of education 
(P < 0.0001) and with poorer quality of sleep (P = 0.0478). 
A higher frequency of women in the early menopause 
cohort exhibited a UACR ≥ 30 mg/g (Figure 2).

The Relationship Between Age of 
Menopause Onset and Risk of Elevated 
UACR
We next conducted a multifactor analysis to identify vari-
ables linked to elevated UACR in our study cohort, reveal-
ing BP, blood glucose, age, eGFR, BMI, and menopausal 
age to all be significantly linked to UACR (all P < 0.05) 
(Table 2). In a subsequent logistic regression analysis, 
early menopause (≤45 years) was linked to a higher risk 
of elevated UACR relative to normal menopause (46–50 
years) (OR: 1.18, 95% CI: 1.06–1.31), whereas late meno-
pause (>50 years) was linked to the opposite phenotype 
(OR: 0.87, 95% CI: 0.80–0.94) (Table 3). After adjusting 
for a range of confounding variables, this relationship 
between menopausal age and risk of UACR elevation 
was still robust in all three of our statistical models (≤45 
years: OR:1.18, 95% CI: 1.04–1.33; >50 years: OR:0.86, 
95% CI: 0.78–0.94). Specifically, we determined that 
every 1-year rise in menopausal age was linked to a 3% 
reduction in risk of UACR elevation (OR: 0.97, 95% CI: 
0.96–0.98).

The Relationship Between Menopausal 
Age and Risk of Increased UACR in 
Participant Subgroups
Multivariate adjusted ORs for women ≥60 years old that 
experienced early or late menopause were 1.18 (95% CI: 
1.00–1.38) and 0.87 (95% CI: 0.77–0.98), respectively. 
Similarly, the link between early menopause and increased 
was UACR was more robust in women who were obese 
(BMI≥28 kg/m2, OR: 1.52, 95% CI: 1.13–2.04), had 
a lower eGFR (≤90, OR: 1.22, 95% CI: 1.04–1.44), were 
prediabetic (5.6≤FPG<7.0 mmol/L or 7.8 ≤ PPG<11.1 
mmol/L, OR: 1.27, 95% CI: 1.05–1.53), or hypertensive 
(SBP ≥ 140 mmHg or DBP ≥90 mmHg, OR: 1.31, 95% 
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Table 1 Characteristics of Participants Categorized by Age at Natural Menopause

Characteristics Total ≤45 y (n=2846) 45–50 y (n=10,809) >50 y (n=8017) P value

Age (y) 59.14(55.10–65.37) 60.12(54.82–67.79) 58.89(54.50–65.63) 59.10(55.82–64.32) <0.0001

Age at menarche (y) 15.00(14.00–17.00) 15.00(14.00–17.00) 15.00(14.00–17.00) 15.00(14.00–17.00) <0.0001

Menopausal age (y) 50.00(48.00–52.00) 44.00(42.00–45.00) 49.00(48.00–50.00) 53.00(52.00–54.00) <0.0001

BMI (kg/m2) 24.22(22.03–26.58) 24.13(21.83–26.61) 24.12(21.93–26.44) 24.56(22.38–26.89) <0.0001

WC (cm) 85.00(78.30–92.00) 85.00(78.20–92.03) 85.00(78.20–91.50) 86.00(80.00–93.00) <0.0001

WC/HC 0.88(0.84–0.92) 0.88(0.84–0.93) 0.88(0.84–0.92) 0.88(0.84–0.93) <0.0001

SBP (mmHg) 130.67(118.00–145.67) 129.33(116.00–144.67) 130.00(117.67–145.00) 132.00(119.33–146.67) <0.0001

DBP (mmHg) 75.67(69.33–83.00) 74.67(68.67–82.00) 75.67(69.33–82.67) 76.00(69.67–83.33) <0.0001

FBG (mmol/L) 5.54(5.12–6.16) 5.59(5.17–6.20) 5.54(5.12–6.15) 5.55(5.13–6.17) 0.0061

PBG (mmol/L) 7.59(6.20–9.94) 7.80(6.30–10.46) 7.59(6.20–9.90) 7.43(6.14–9.80) 0.0001

HbA1c(%) 6.00(5.70–6.30) 6.00(5.70–6.40) 5.90(5.70–6.30) 6.00(5.70–6.30) 0.0237

Insulin (μU/mL) 7.60(5.50–10.50) 7.70(5.70–10.70) 7.60(5.50–10.50) 7.80(5.70–10.70) 0.0002

TG (mmol/L) 1.40(1.01–1.99) 1.44(1.02–2.04) 1.41(1.02–2.01) 1.44(1.05–2.03) 0.0328

LDL-c (mmol/L) 3.04(2.45–3.66) 2.90(2.31–3.56) 3.05(2.48–3.66) 3.14(2.56–3.74) <0.0001

HDL-c (mmol/L) 1.34(1.14–1.57) 1.32(1.11–1.53) 1.35(1.15–1.57) 1.35(1.15–1.57) <0.0001

ALT (mmol/L) 15.00(11.00–20.00) 14.00(10.00–20.00) 14.00 (11.00–20.00) 15.00 (11.00–21.00) 0.0187

AST (mmol/L) 20.00(17.00–25.00) 21.00 (17.00–25.00) 21.00 (17.00–25.00) 21.00 (18.00–25.00) <0.0001

GGT (mmol/L) 19.00(14.00–28.00) 19.00 (14.00–28.00) 19.00 (14.00–29.00) 20.00 (15.00–29.00) <0.0001

eGFR(mL/min/1.73m2) 0.0027

>90 11,789(54.44%) 1480(52.08%) 5848(54.13%) 4461(55.69%)

≤90 9867(45.56%) 1362(47.92%) 4955(45.87%) 3550(44.31%)

Education (%) <0.0001

Low 5208(24.14%) 854(30.16%) 2663(24.75%) 1691(21.17%)

Intermediate 14,526(67.32%) 1797(63.45%) 7254(67.42%) 5475(68.56%)

High 1844(8.55%) 181(6.39%) 843(7.83%) 820(10.27%)

Sleep quality (%) 0.0478

Good 16,621(76.69%) 2151(75.58%) 8252(76.34%) 6218(77.56)

Poor 5031(23.31%) 695(24.42%) 2557(23.66%) 1799(22.44%)

Smoking status (%) 0.3053

No smoking 21,105(98.23%) 10,528(98.16%) 2749(97.97) 7828(98.40%)

Smoking 324(1.51%) 163(1.52%) 51(1.82%) 110(1.38%)

Quit smoking 57(0.27%) 34(0.32%) 6(0.21%) 17(0.21%)

(Continued)
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CI: 1.09–1.57). The link between late menopause and 
lower rates of UACR elevation was more robust for 
women who exhibited a normal weight (BMI<24 kg/m2, 
OR: 0.78, 95% CI: 0.67–0.89), normal BP (SBP <120 and 
DBP <80 mmHg, OR: 0.73, 95% CI: 0.58–0.91), normal 
blood glucose (FBG <5.6 mmol/L and PBG< 7.8 mmol/L, 
OR: 0.82, 95% CI: 0.69–0.96), or had diabetes (FBG ≥ 7.0 
mmol/L or PBG ≥ 11.1 mmol/L, OR: 0.79, 95% CI: 0.67– 
0.94). No interactions among any of these variables were 
observed (Figure 3).

Discussion
Overall, the present cross-sectional analyses revealed that 
early menopause (≤45 years old) was linked to 
a significantly higher risk of having an elevated UACR, 
whereas the opposite was true for late menopause (>50 
years old). This relationship was significant even 

following adjustment for a wide range of confounding 
variables and after conducting subgroup analyses based 
upon participant age, BMI, BP, blood glucose, and 
eGFR. This is the first large-scale multi-center study to 
our knowledge to have surveyed the relationship between 
menopausal age and UACR among postmenopausal 
Chinese women.

Menopausal age has also been linked to DNA damage 
repair,20,21 such that earlier menopause onset may be indi-
cative of accelerated somatic aging and a predictor of 
overall health status during later life.22 Multiple analyses 
to date have explored the association between menopausal 
age and cardiovascular disease-related outcomes. For 
example, Muka et al4 conducted a meta-analysis of 32 
studies (310,000 women), revealing early menopause 
(<45 years) to be linked to a higher risk of coronary artery 
disease relative to menopause onset at 45 years of age or 

Table 1 (Continued). 

Characteristics Total ≤45 y (n=2846) 45–50 y (n=10,809) >50 y (n=8017) P value

Drinking status (%) 0.6932

No drinking 19,035(88.52%) 2488(88.45%) 9485(88.46%) 7062(88.63%)

Drinking 2400(11.16%) 320(11.38%) 1201(11.20%) 879(11.03%)

Quit drinking 68(0.32%) 5(0.18%) 36(0.34%) 27(0.34%)

Prevalence of diseases (%)

Diabetes mellitus 2618(12.13%) 400(14.13%) 1253(11.64%) 965(12.07%) 0.0014

Hypertension 5268(25.12%) 630(23.23%) 2562(24.52%) 2076(26.58%) 0.0003

Dyslipidemia 2126(10.22%) 264(9.83%) 986(9.52%) 876(11.29%) 0.0004

CVD 1080(5.19%) 172(6.39%) 508(4.91%) 400(5.16%) 0.0085

Tumor 649(3.02%) 99(3.52%) 324(3.02%) 226(2.84%) 0.1943

Medication (%)

Antihypertensive drugs 3379(15.6%) 382(13.4%) 1622(15.0%) 1375(17.2%) <0.0001

Hypoglycemic drugs 2191(18.98%) 328(20.10%) 1050(18.00%) 813(19.92%) 0.0261

Lipid-lowering drugs 99(0.46%) 10(0.35%) 47(0.43%) 42(0.52%) 0.4484

Hormone therapy 798(4%) 115(4.4%) 400(4.1%) 283(3.9%) 0.5423

Family history (%)

Family history of diabetes 3722(17.33%) 410(14.54%) 1789(16.70%) 1523(19.15%) <0.0001

Family history of tumor 3201(14.9%) 361(12.81%) 1545(14.43%) 1295(16.29%) <0.0001

Note: The data were expressed as median (interquartile range) for skewed distributed continuous variables and numbers (percentages) for categorical variables. 
Abbreviations: BMI, body mass index; WC, waist circumference; WC/HC, waist-to-hip ratio; SBP, systolic blood pressure; DBP, diastolic blood pressure; FBG, 0-hour 
fasting blood glucose; PBG, 2-hour postprandial blood glucose; HbA1c, glycated hemoglobin; TG, triglyceride; LDL-c, low-density lipoprotein cholesterol; HDL-c, high- 
density lipoprotein cholesterol; ALT, alanine aminotransferase; AST, aspartate aminotransferase; GGT, gamma-glutamyltranspeptidase; eGFR, estimated glomerular filtration 
rate; CVD, cardiovascular diseases.
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older. Similarly, another study observed elevated cardio-
vascular risk among those who experienced premature 
menopause even after adjusting for other risk factors.23 

Early menopause may thus increase cardiovascular risk, 
rather than merely being a consequence of such risk.2 

Microalbuminuria is a key biomarker of renal vascular 
damage and an important predictor of CVD.24 Few studies 
to date, however, have explored the potential relationship 
between menopausal age and microalbuminuria as 
a metric for CKD risk. In one study of postmenopausal 
women in South Korea, the prevalence of proteinuria fell 
with increasing reproductive period such that it was lowest 
(2.3%) when this period was >45 years.25

There may be a number of mechanistic explanations 
for the observed relationship between age at menopause 
onset and microalbuminuria risk. Menopause is asso-
ciated with an up to 80% reduction in estrogen levels, 
and the early loss of such estrogen may result in pro-
longed RAS activation, inflammation, immunological/ 
endothelial dysfunction, and consequent damage to the 
vascular system.26,27 Such dysregulation may be facili-
tated in part by the transmembrane G protein-coupled 
estrogen receptor.27 Estrogen signaling can also protect 
kidney cells from oxidative damage and suppress renal 
superoxide generation,28 such that postmenopausal 
women exhibit higher levels of oxidative stress and 
inflammatory cytokine production.29 Oxidative stress 
can drive the apoptotic death of podocytes, causing glo-
merular sclerosis and signal transduction that can result 
in interstitial fibrosis as a consequence of the secretion of 
renal tubular extracellular matrix factors.30 Kattah et al31 

found that hormone replacement therapy was associated 
with a lower risk of UACR in a meta-analysis. In light of 
this association, we adjusted for hormone therapy in the 
present analysis. Large-scale genome-wide association 
studies have further led to the identification of multiple 
genetic loci associated with age of menopause onset that 
were associated with genome stability, inflammation, and 
oxidative stress.32 As such, both environmental and 
genetic risk factors may drive the incidence of early 
menopause,33 which in turn represents an important bio-
marker of elevated risk of a range of adverse health 

Table 2 Multiple Factors Related to UACR

OR (95% CI) P value

Menopausal age (y) <0.0001

≤45 1.11(0.99–1.25)

45–50 1.00

>50 0.86(0.79–0.94)

BP (mmHg) <0.0001

SBP <120 and DBP <80 1.00

120≤SBP<140 and/or 80≤DBP 

<90

1.09(0.97–1.22)

SBP≥140 or DBP≥90 1.78(1.60–1.99)

Blood glucose(mmol/L) <0.0001

FBG <5.6 and PBG <7.8 1.00

5.6≤FBG<7.0 or 7.8≤PBG<11.1 1.12(1.02–1.23)

FBG≥7.0 or PBG≥11.1 1.67(1.50–1.85)

eGFR(mL/min/1.73m2) <0.0001

>90 1.00

≤90 1.22(1.11–1.33)

Age (y) 1.03(1.03–1.04) <0.0001

HDL-c (mmol/L) 0.72(0.63–0.83) <0.0001

LDL-c (mmol/L) 0.80(0.76–0.84) <0.0001

TG (mmol/L) 1.09(1.06–1.13) <0.0001

AST (mmol/L) 1.00(1.00–1.01) 0.0085

GGT (mmol/L) 1.00(1.00–1.00) 0.0002

BMI(kg/m2) 1.031(1.022–1.041) <0.0001

Abbreviations: UACR, urinary albumin-creatinine ratio; SBP, systolic blood pres-
sure; DBP, diastolic blood pressure; FBG, 0-hour fasting blood glucose; PBG, 2-hour 
postprandial blood glucose; eGFR, estimated glomerular filtration rate; LDL-c, low- 
density lipoprotein cholesterol; HDL-c, high-density lipoprotein cholesterol; TG, 
triglyceride; AST, aspartate aminotransferase; GGT, gamma-glutamyltranspeptidase; 
BMI, body mass index.

Figure 2 Percentage of urinary albumin-creatinine ratio (UACR) levels at diverse 
nature menopausal ages.

Diabetes, Metabolic Syndrome and Obesity: Targets and Therapy 2021:14                                         submit your manuscript | www.dovepress.com                                                                                                                                                                                                                       

DovePress                                                                                                                         
853

Dovepress                                                                                                                                                              Yao et al

http://www.dovepress.com
http://www.dovepress.com


outcomes. The observed link between age at natural 
menopause onset and increased risk of microalbuminuria 
in the present study may be attributable to any of the 
above mechanisms.

Obesity is often correlated with greater insulin resis-
tance, which has the potential to harm renal podocytes and 
thereby disrupt renal hemodynamics. Herein, we found 
menopausal age and UACR to be more strongly correlated 
with one another in obese women relative to women with 
lower BMI values. Risk of UACR elevation was also 
significantly higher among women who experienced 
early menopause with an eGFR ≤90 mL/min per 
1.73 m2, prediabetes, or hypertension. Appropriate screen-
ing and preventative measures should therefore be taken 
by these women.

Limitations and Future Directions
This study has a number of strengths. For one, it was 
a large-scale study of representative populations from 
seven different regions. In addition, we adjusted our sta-
tistical models for many different potential confounding 
factors and explored the relationship between age of 
menopause and UACR in a range of different subgroups. 
However, there are multiple limitations to this study. First, 
as age of menopause onset was established using self- 
reported questionnaires, our data are potentially suscepti-
ble to recall bias. However, prior work suggests that the 
validity and reproducibility of self-reported age of meno-
pause are generally satisfactory.34,35 Second, we are 
unable to exclude the possibility that other confounding 
factors may have influenced the analyzed relationships in 

Table 3 Adjusted Odds Ratios (95% Confidence Intervals) for UACR According to Age at Natural Menopause

Menopausal Age Nonadjusted Model 1 Model 2 Model 3

OR (95% CI) P value OR (95% CI) P value OR (95% CI) P value OR (95% CI) P value

All subjects <0.0001 <0.0001 <0.0001 <0.0001

≤45 y 1.18(1.06–1.31) 0.0027 1.14(1.02–1.27) 0.0205 1.19(1.06–1.34) 0.0025 1.18(1.04–1.33) 0.0097

45–50 y 1.00 1.00 1.00 1.00

>50 y 0.87(0.80–0.94) 0.0006 0.87(0.80–0.94) 0.0008 0.85(0.78–0.93) 0.0004 0.86(0.78–0.94) 0.0009

Continuous menopausal 
age

0.98(0.97–0.99) <0.0001 0.97(0.97–0.98) <0.0001 0.97(0.96–0.98) <0.0001 0.97(0.96–0.98) <0.0001

Notes: Nonadjusted model. Model 1 was adjusted for age and age at menarche; model 2 was additionally adjusted for education level, sleep quality, cardiovascular history, 
medication usage (hormone therapy, antihypertensive drugs, and hypoglycemic drugs), eGFR, and family history of cancer/diabetes; model 3 was additionally adjusted for 
BMI, WC/HC, FBG, PBG, insulin, HbA1c, SBP, DBP, TG, LDL-c, HDL-c, AST, ALT, and GGT.

Figure 3 Odds ratios for logistic regression model 3 of the association between nature menopausal ages and urinary albumin-creatinine ratio (UACR) in postmenopausal 
women with different subgroups. 
Abbreviations: BMI, body mass index; eGFR, estimated glomerular filtration rate; FBG, 0-hour fasting blood glucose; PBG, 2-hour postprandial blood glucose; BP, blood 
pressure; SBP, systolic blood pressure; DBP, diastolic blood pressure.
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the present study, such as estrogen levels or parity.36 Third, 
urinary albumin levels were measured using a single urine 
sample collected in the morning, whereas measuring mul-
tiple samples would have provided greater result stability. 
That being said, individual spot urine samples have been 
shown to correlate well with the results of multiple or 24 
h urine sample collection protocols, suggesting that this 
single-sample approach is sufficient for large-scale epide-
miological studies.37 As this was a cross-sectional study, 
we were also not able to draw any conclusions with 
respect to causality. Future prospective studies will be 
essential in order to understand the mechanistic link 
between microalbuminuria and age of menopause onset.

Conclusion
In conclusion, early-onset menopause (≤45 years) was 
linked to a significantly higher microalbuminuria risk in 
postmenopausal women. Further work will be required to 
explore the mechanistic basis for this relationship and to 
understand whether the timing of menopause can offer 
value as a means of predicting and preventing microalbu-
minuria. Research is needed to understand the mechanisms 
underlying these associations and explore whether the 
timing of natural menopause can add value to microalbu-
minuria prediction and prevention.
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