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ORIGINAL INVESTIGATION

Sex difference in the risk 
for exercise-induced albuminuria correlates 
with hemoglobin A1C and abnormal exercise 
ECG test findings
Rafael Y. Brzezinski1, Inbal Etz‑Hadar1, Ayelet Grupper2, Michal Ehrenwald1, Itzhak Shapira1, David Zeltser1, 
Shlomo Berliner1, Ori Rogowski1, Roy Eldor3 and Shani Shenhar‑Tsarfaty1* 

Abstract 

Background: Albuminuria is an established marker for endothelial dysfunction and cardiovascular risk in diabetes 
and prediabetes. Exercise induced albuminuria (EiA) appears earlier and may be a more sensitive biomarker for renal 
endothelial damage. We sought to examine the association between EiA, parameters of the metabolic syndrome, 
A1C levels, exercise ECG test results and sex related differences in a large cohort of healthy, pre‑diabetic and diabetic 
subjects.

Methods: A total of 3029 participants from the Tel‑Aviv Medical Center Inflammation Survey cohort (mean age 
46 years, 73% men) were analyzed. Multiple physiologic and metabolic parameters including A1C were collected and 
albuminuria was measured in all subjects before and immediately after completing an exercise ECG test.

Results: Exercise increased urinary albumin to creatinine ratio (ΔEiA) by 2.8 (0–13.6) mg/g for median (IQR) compared 
to rest albuminuria (p < 0.001). An increase in ΔEiA was observed with accumulating parameters of the metabolic syn‑
drome. ΔEiA showed significant interaction with sex and A1C levels; i.e. women with A1C > 6.5% had an increased risk 
of higher ΔEiA (p < 0.001). Using a cutoff of ΔEiA > 13 mg/g (top quartile) we found that women with ΔEiA > 13 mg/g 
were at greater risk for abnormal exercise ECG findings, (OR = 2.7, p = 0.001).

Conclusion: Exercise promotes excessive urinary albumin excretion in dysmetabolic patients. In women, a significant 
correlation exists between ΔEiA and A1C levels. A cutoff of ΔEiA > 13 mg/g in women may be used to identify popu‑
lations at risk for abnormal exercise ECG test findings and perhaps increased cardiovascular risk. Future studies will be 
needed to further validate the usefulness of ΔEiA as a biomarker for cardiovascular risk in women with and without 
diabetes.
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Background
Diabetic nephropathy (DN) is the leading cause of renal 
disease in adults [1] and is characterized by two distinct 

biomarkers; estimated glomerular filtration rate (eGFR) 
and urinary albumin excretion (often assessed as albumin 
to creatinine ratio (UACR) ≥30 mg/g in a urine spot test). 
These two biomarkers provide the basis for the kidney 
disease: improving global outcomes (KDIGO) chronic 
kidney disease (CKD) classification [2]. DN, is associ-
ated with a significant increase in mortality, and has been 
identified as a leading cause of excess risk of death in 
patients with diabetes [3]. Nevertheless and despite clear 
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screening recommendations the number of patients with 
under diagnosed DN remains substantially high [4].

Several studies have shown that exercise unmasks albu-
minuria in normo-albuminuric diabetic individuals (exer-
cise induced albuminuria—EiA, measured as spot UACR 
before and after exercise), suggesting this as the earliest 
sign of DN [5, 6]. Exercise leads to albuminuria by both 
modulating glomerular passage and tubular reuptake of 
albumin [7, 8]. We have recently published a study show-
ing that EiA is independently correlated with a higher 
prevalence of metabolic syndrome in non-diabetic indi-
viduals, however the association among diabetic and pre-
diabetic patients in a sex related perspective has never 
been studied [9].

Clear sex related differences have been identified in 
cardiovascular disease (CVD) [10, 11]. The clinical pres-
entation of ischemic heart disease in women is very dif-
ferent from the classical presentation described in men 
and is therefore under diagnosed [12, 13]. This may result 
from pathophysiologic differences with a greater contri-
bution of microvascular myocardial damage to disease 
progression in women [14, 15]. Recent studies have dem-
onstrated sex differences in renal damage among healthy 
and diabetic individuals [16]. In non-diabetic individu-
als with chronic kidney disease, male sex has been iden-
tified as a risk factor for rapid decline in renal function 
as opposed to pre-menopausal women [17]. In diabetic 
individuals conflicting reports exist in different popula-
tions; a recent study among Japanese subjects with type 
2 diabetes identified a higher risk in women [18], whereas 
a report regarding European individuals indicated an 
increased risk for renal decline in men [19]. Thus, the 
influence of sex on the development of DN has yet to be 
established conclusively [16, 20–23].

We, therefore, sought to investigate the association 
between EiA, sex, metabolic and physiologic parameters 
in a large cohort of individuals (both healthy, pre-diabetic 
and diabetic) who participated in the Tel-Aviv Medical 
Center Inflammation Survey.

Methods
Population
We analyzed data that was collected between January 
2012 to September 2016 at the Tel-Aviv Medical Center 
Inflammation Survey, a registered databank of the Israeli 
Ministry of Justice [24–27]. The Tel-Aviv Medical Center 
Inflammation Survey encompasses a large cohort of sub-
jects who attended the Tel-Aviv Medical Center for rou-
tine annual checkups (including a physician’s interview 
and examination, blood and urine tests, and an exercise 
stress test). The study was approved by the local Ethics 
committee and informed consent was obtained from all 
participants.

For the purpose of this study, urine samples for albumin 
and creatinine measurements were collected from par-
ticipants before and after an exercise stress test was per-
formed according to the Bruce protocol. A total of 3712 
subjects were included in our database. We excluded 185 
subjects due to lack of urinary tests (before or after the 
exercise test), and another 342 subjects without valid 
exercise tests results (test performed on a bicycle instead 
of a treadmill or an incomplete test). After these exclu-
sions, the final cohort comprised 3185 participants. 
Another 156 individuals had no valid measurements of 
urinary creatinine concentration before or after the exer-
cise, therefore, the values shown in Table 1 include only 
3029 subjects.

Study procedures
Blood samples were drawn upon the participants’ arrival 
to the center after a 12-h overnight fast. Only after the 
morning blood test participants were allowed to drink, 
and after the exercise test they were invited to eat break-
fast. Urine tests were analyzed by an ADVIA chemistry 
analyzer (Siemens Healthcare Diagnostics, Tarrytown, 
NY, USA), which is an improved albumin detection 
method with an extended analytic range of 3–420  mg/l 
and coefficient of variation of 2% [28]. It is accepted that 
a test for UACR is the standard method for assessing pro-
teinuria using a spot examination, as advised by National 
Kidney Foundation Kidney Disease Outcomes Quality 
Initiative guidelines [29]. Therefore, we performed cal-
culation of the UACR with a standard cutoff of 30 mg/g 
for moderate albuminuria. eGFR values were calculated 
using the CKD-EPI formula [30].

Separation of A1C from non-glycated hemoglobin of 
whole blood samples in EDTA was done by Tosoh’s G7 
HPLC (Tosoh Bioscience, Inc. San Francisco, CA, USA). 
The concentrations of glycated hemoglobin (A1C) and 
the concentration of total hemoglobin were measured, 
and the ratio reported as % A1C. A1C levels were cat-
egorized into three states, healthy;  <5.7%, pre-diabetic; 
5.7–6.4% and diabetic; >6.5% according to the American 
Diabetes Association (ADA) guidelines [31].

Evaluation and diagnosis of metabolic syndrome (and 
it’s components) was performed based on the joint 
interim statement of the International Diabetes Fed-
eration Task Force on Epidemiology and Prevention; 
National Heart, Lung, and Blood Institute; American 
Heart Association; World Heart Federation; Interna-
tional Atherosclerosis Society; and International Asso-
ciation for the Study of Obesity [32]. Briefly, elevated 
waist circumference was defined as ≥94  cm (37  in.) in 
men and ≥80 (31.5 in.) in women, as recommended for 
individuals of European and Middle Eastern descent. 
Elevated triglycerides were defined as  ≥150  mg/dl 
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(1.7  mmol/l) or on drug treatment for elevated triglyc-
erides. Reduced high-density lipoprotein-cholesterol 
(HDL) was defined as  <40  mg/dl (1.0  mmol/l) in men 
and  <50  mg/dl (1.3  mmol/l) in women. Elevated blood 
pressure was defined as ≥130  mmHg for systolic blood 
pressure or ≥85  mmHg for diastolic blood pressure or 
on antihypertensive drug treatment in a patient with a 
history of hypertension. Elevated fasting glucose was 
defined as ≥100  mg/dl (5.55  mmol/l). The diagnosis of 
metabolic syndrome was based on the existence of at 
least three abnormal findings out of the five mentioned 
above.

Exercise ECG stress test was preformed according to 
the Bruce protocol. ECG results were manually reviewed 
on the spot by a cardiologist. The remarks were filled into 
the patient’s file and were categorized into two groups. 
The first was labeled “negative exercise ECG findings”, 
stating that there were no significant findings in the 
patient’s test. The second group was titled “positive exer-
cise ECG findings”; stating that the patient’s test demon-
strated irregular findings possibly indicating myocardial 
ischemia or cardiac arrhythmia. These findings included 
ST segment depressions in variating lengths and position, 

T wave abnormality and incidence of ventricular prema-
ture contractions (VPCs).

All participants were asked if they had any previous 
diagnosis of diabetes or cardiac disease as part of their 
medical history questioner. 160 Patients (133 males and 
27 females) with reported history of ischemic heart dis-
ease were excluded from the ECG stress test analysis.

Statistical analysis
All continuous variables are displayed as means (SD) for 
normally distributed variables or median [interquartile 
range (IQR)] for variables with abnormal distribution., 
whereas categorical variables are displayed as numbers 
(%) of patients within each group. The different biomark-
ers in men and women were compared by a Student’s  t 
test for normally distributed variables and by the Mann–
Whitney U-test for non-normally distributed variables. 
To assess associations among categorical variables, we 
used a χ2-test. The values before and after the exercise 
test were compared using the Wilcoxon signed ranks test.

A one-way ANOVA test was used to evaluate the dif-
ference in ΔEiA according to number of metabolic syn-
drome components.

Table 1 Population characteristics by sex

Values are presented as mean ± SD, or median (interquartile range) for irregular distributed parameters

BMI body mass index, A1C hemoglobin A1C, BPM beats per minute, BP blood pressure, U urinary, METs metabolic equivalents, UACR urinary albumin to creatinine ratio, 
eGFR estimated glomerular filtration rate

Characteristic Men Women p value

Number of subjects 2218 811

Age, years 46.97 ± 10.5 45.6 ± 10.3 0.001

BMI, kg/m2 26.4 ± 4.0 24.6 ± 4.4 <0.001

METs 12.3 ± 3.8 10.2 ± 4.6 <0.001

eGFR, ml/min/m2 82.7 ± 14.2 81.9 ± 16.2 0.178

HemA1c, % 5.4 ± 0.5 5.4 ± 0.4 0.014

Baseline U albumin, mg/l 2.9 (0.8 to 7.6) 3.4 (0.8 to 8.2) 0.136

Following exercise U albumin, mg/l 5.3 (1.4 to 17.8) 4.2 (1.1 to 10.5) 0.027

Change in U albumin mg/l 13.6 ± 54.3 6 ± 48.9 <0.001

Baseline UACR, mg/g 2.9 (1.3 to 6.8) 4.8 (1.9–11.2) <0.001

Following exercise UACR, mg/g 7.1 (2.5 to 22.3) 7.9 (2.9–22.3) 0.306

Change in UACR, mg/g 3.1 (0.1 to 14.7) 1.7 (−0.8 to 10.7) 0.003

Fasting glucose, mg/dl 88.4 ± 14.5 84.9 ± 12.4 <0.001

Diabetes diagnosis % 5% 3.7% 0.183

Systolic BP, mmHg 127.4 ± 14.3 118.8 ± 15.7 <0.001

Diastolic BP, mmHg 79.1 ± 9.7 74.3 ± 9.3 <0.001

Basal heart rate, BPM 68.7 ± 11.8 73.1 ± 11.7 <0.001

Total cholesterol, mg/dl 184.3 ± 32.5 190.9 ± 33.1 <0.001

High‑density lipoprotein‑cholesterol, mg/dl 48.8 ± 11.3 64.1 ± 16.4 <0.001

Low‑density lipoprotein‑cholesterol, mg/dl 112.1 ± 28.2 107.9 ± 28.0 <0.001

Triglycerides, mg/dl 118.8 ± 71.8 94.3 ± 47.0 <0.001

Blood creatinine, mg/dl 1.1 ± 0.1 0.8 ± 0.1 <0.001
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A general linear univariate model was used to evaluate 
the estimated effect of specified covariates: age, sex, body 
mass index, metabolic equivalents (METs) achieved dur-
ing the exercise stress test, eGFR and A1C levels using 
Parameter’s estimates; B (with 95% confidence intervals) 
for ΔEiA. Multivariate binary logistic regression was used 
to evaluate the odds ratio of positive ECG findings among 
subjects according to the presence of ΔEiA > 13 (mg/g) in 
men and women. The model was further adjusted for the 
following specified covariates: age > 46, BMI > 30, METs 
score, waist circumference, HDL, BP, glucose and triglyc-
erides. p values of <0.05 were considered statistically sig-
nificant. The IBM SPSS Statistics 22.0 statistical package 
was used to perform all statistical analyses (IBM Corpo-
ration, Armonk, New York, USA).

Results
3029 participants were included in the analysis. Partici-
pant characteristics are shown in Table 1. For the entire 
cohort, urinary albumin concentrations were elevated 
after exercise; the median urinary albumin concentra-
tion before and after exercise were 3 mg/l (IQR; 0.8–7.8) 
and 5 (IQR; 1.5–15.5) mg/l respectively (p < 0.001). The 
change in urinary albumin concentrations was 1.3 (−0.7 
to 8.6) mg/l for median (IQR). UACR values before and 
after exercise were 3.3 (1.4–7.8) and 7.5 (2.6–22.3) mg/g 
for median (IQR) respectively (p  <  0.001). The exer-
cise induced change in UACR (ΔEiA) was 2.8 (0–13.6) 
mg/g for median (IQR). To rule out the possibility of an 
increase in EiA due to dehydration, urine specific grav-
ity was analyzed before and after exercise. No signifi-
cant difference was demonstrated between before and 
after exercise values (1.0076 and 1.004 respectively, p 
value  =  0.184). Furthermore, no significant correlation 
with albumin concentrations or exercise induced change 
in albumin was noted (r = 0.024 and 0.022, p value >0.2 
for both).

A very weak positive correlation between A1C 
and baseline UACR was found for the entire cohort 
(r = 0.083, p < 0.001). This correlation increased slightly 
when albumin concentration was measured following 
exercise (r = 0.107, p value <0.001).

A one-way ANOVA test demonstrated significant dif-
ference in ΔEiA with accumulating parameters of the 

metabolic syndrome; mean ΔEiA = 9.5 ± 1.4, 13.5 ± 1.7, 
17.3  ±  2.9, 37.6  ±  7.7, 55.1  ±  14 (mg/g) (±SE) for 
patients with 0, 1, 2, 3, 4 or more metabolic syndrome 
components respectively, p  <  0.001. This analysis was 
repeated, excluding patients with one of the four different 
metabolic syndrome components at a time. A similar pat-
tern was demonstrated repeatedly with no significant dif-
ferences in ΔEiA between the groups of exclusion. In the 
waist circumference criteria excluded group (651 patients 
excluded), a similar pattern was observed but lower val-
ues were shown; mean ΔEiA  =  22.3  ±  6.2 (mg/g) for 
patients with the metabolic syndrome (three components 
or more) vs. 42.5 ±  6.8 (mg/g) for metabolic syndrome 
patients in the entire cohort (Fig. 1).

Sex effect
Men were older, had higher BMI, METs score during the 
exercise test, blood pressure measurements, LDL, A1C 
and fasting glucose levels alongside lower levels of HDL 
(Table 1). At rest, men presented with lower UACR values 
compared to women; 2.9 (1.3–6.8) vs. 4.8 (1.9–11.2) mg/g 
for median (IOR), p  <  0.001. Following exercise UACR 
values were similar; 7.1 (2.5–22.3) vs. 7.9 (2.9–22.3) mg/g 
for median (IQR), p =  0.306. The change in UACR val-
ues (ΔEiA) was significantly higher in men compared to 
women; 3.1 (0.1–14.7) vs. 1.7 (−0.8 to −10.7) mg/g for 
median (IQR).

General linear univariate model to predict baseline 
UACR, showed significant effect of eGFR, but no signifi-
cant effect of sex, age, A1C levels, BMI or METs compo-
nents (Table 2).

When searching for predictors of ΔEiA, we found 
a significant effect of sex, A1C and the interaction 
between them along with BMI, METs and baseline UACR 
(Table 2). Specifically, our data show that women with an 
A1C  >  6.5% are at increased risk for higher ΔEiA even 
after controlling for age, BMI, eGFR, baseline UACR 
and METs; B =  95.37, 95% CI 49.34–141.39, p  <  0.001 
(Table 2; Fig. 2b).

A ΔEiA > 13 mg/g was defined as a cutoff level based 
on it being the lower bound of the top quartile of the 
cohort [75% of the cohort demonstrated ΔEiA  <  13.6 
(mg/g)]. ΔEiA  >  13  mg/g was a significant predictor of 
positive (i.e. abnormal) exercise ECG findings in men and 

(See figure on next page.) 
Fig. 1 Change in urinary albumin to creatinine ratio following exercise (ΔEiA) according to number of metabolic syndrome components. a For 
the entire cohort, a significant increase of ΔEiA according to accumulating metabolic syndrome components was observed (p < 0.001). b For the 
entire cohort, reference line indicates mean ΔUACR = 42.5 SE ± 6.8 (mg/g) for metabolic syndrome patients (three components and higher). c After 
excluding patients with the waist criterion, lower levels were demonstrated, mean ΔUACR = 22.3, SE ± 6.2 (mg/g) for metabolic syndrome patients 
(p = 0.04). d Following exclusion of patients with the blood pressure criterion, e following exclusion of patients with the triglycerides criterion. f Fol‑
lowing exclusion of patients with the glucose criterion, g following exclusion of patients with the HDL criterion. No substantial differences from the 
entire cohort were demonstrated after these exclusions (d–g)
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women, with women demonstrating much higher rates 
(OR = 2.691, p = 0.001 vs. OR = 1.511 p = 0.036, respec-
tively). Among men, fasting glucose levels, Blood pres-
sure and age were also observed as significant predictors 
(Fig. 3).

The positive predictive value (PPV) of ΔEiA > 13 mg/g 
in predicting positive ECG findings was higher in women 
compared to men (38 and 27% respectively). The negative 
predictive value (NPV) was high among the entire cohort 
NPV = 81% (82% in men and 77% in women).

Discussion
CVD is the leading cause of morbidity and mortality 
among individuals with type 2 diabetes mellitus [33]. 
Among these patients, symptoms of coronary artery 

disease (CAD) are often absent even with advanced dis-
ease [34]. A wide variety of clinical strategies including 
exercise stress testing and various stress cardiac imag-
ing techniques have been proposed for identifying dia-
betic patients with CAD before clinical manifestation 
is present [34–37]. In line with these, we suggest here 
ΔEiA as a sensitive and early biomarker for cardiovascu-
lar risk stratification in healthy, pre-diabetic and diabetic 
individuals.

Our data link ΔEiA to metabolic risk and clearly dem-
onstrate a sex difference with regards to ΔEiA and the risk 
for an abnormal stress test. Women with diabetes are at a 
greater risk for higher ΔEiA which correlates with abnor-
mal ECG findings during an exercise stress test. These 
differences were not detected by traditional biomarkers 

Table 2 Parameter estimates of general linear univariate model to predict rest albuminuria and ΔEiA

The model estimates predictors for rest urinary albumin to creatinine ratio (Rest UACR) and ΔEiA (UACR following exercise minus UACR at rest). Presented are results 
of a general linear regression model with Rest UACR (left side) or ΔEiA (right side) as the dependent variable and sex, age, BMI, eGFR, A1C, METs, rest UACR and the 
interaction between sex and categories of A1C as independent variables. Sex and the interaction between sex and A1C were significant predictors at the exercise 
induced model but not at rest

Dependent variable Rest UACR ΔEiA

Predictors B CI (95%) p value B CI (95%) p value

Sex 32.95 −9.95 to 75.85 0.132 −89.98 −0.13 to −44.42 <0.001

Age −0.1 −0.39 to 0.18 0.488 −0.1 −0.41 to 0.2 0.522

BMI 0.31 −0.3 to 0.92 0.319 2 1.34 to 2.66 <0.001

eGFR −0.38 −0.57 to −0.19 <0.001 0.01 −0.2 to 0.21 0.956

A1C categorized −15.69 −55.28 to 23.91 0.437 −109.82 −151.86 to −67.78 <0.001

METs −0.48 −1.01 to 0.13 0.122 0.68 0.0–1.33 0.04

Baseline U albumin −0.05 −0.09 to −0.01 0.016

Sex*A1c categorized 32.24 −75.74 to 10.92 0.143 95.37 49.34–141.39 <0.001
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Fig. 2 Rest and exercise induced albuminuria (EiA) according to categorized A1C levels and Sex. a Mean rest urinary albumin to creatinine ratio 
(UACR) according to A1C levels was similar between men and women, p = 0.143. b Following exercise women with A1C > 6.5% presented with a 
greater change in UACR (ΔEiA), p < 0.001
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such as resting UACR and thus suggest a potential for 
ΔEiA as a biomarker for assessing CVD risk in women. 
Recent studies have shown similar patterns regarding 
exercise induced albuminuria and its correlation to the 
metabolic syndrome and diabetes in particular [5, 6, 9]. 
Our current study marks another step towards achieving 
a comprehensive understanding of dysmetabolic com-
plications, their onset and progression throughout the 
disease. ΔEiA increased with accumulating metabolic 
syndrome criteria even after eliminating the effect of 
each criterion separately (with the largest effect observed 
after eliminating waist circumference criterion). Conse-
quently, an increase in ΔEiA seems to be a characteristic 
disorder during progression of the metabolic syndrome.

Recent studies have shown that elevated low grade 
albuminuria (<30  mg/g) in the currently defined “nor-
mal” range is a predictor of worse CV outcomes [38–40]. 
These findings coupled with the currently reported find-
ings linking high ΔEiA to increased CVD risk even in 
subjects with apparently normal albuminuria, call for a 
reassessment of our current definitions of “normal” range 
urinary albumin excretion.

The sex specific association between ΔEiA and an 
abnormal stress test ECG aligns with our current under-
standing of the role of microvascular heart disease in 
women with CVD. The observed link between these 
seemingly distinct processes is not surprising; measur-
ing the effect of exercise on albuminuria is a sensitive 
method of directly assessing the renal microvasculature’s 

ability to withstand a “hemodynamic stress test”. It is rea-
sonable to hypothesize that the metabolic process caus-
ing microvascular dysfunction would not be limited to 
the renal vasculature but affect other sensitive vascular 
beds including the heart. This concept has been recently 
demonstrated in other organs with microvascular disease 
such as retina and skin [41].

The major limitation of our study is the relative low 
event rate of major cardiovascular outcomes and evi-
dent renal damage in our cohort, limiting our assess-
ment of the importance of ΔEiA in CV and renal disease 
risk stratification. Moreover, the current study was not 
designed to investigate whether ΔEiA predicts future 
CVD events or renal damage. Future longer studies 
with sufficient follow up periods, looking at major car-
diovascular events (CV death, myocardial infarction and 
stroke) alongside incident albuminuria or reduced GFR, 
are needed to fully appreciate the potential of ΔEiA as a 
method for stratifying current and future CVD and CKD 
risk, and its clinical usefulness over widely used biomark-
ers such as resting UACR in women. However, the cur-
rent findings in a relatively young and apparently healthy 
cohort were not detected by standard UACR and empha-
size the ability to use ΔEiA as an early screening tool.

An additional limitation of our study is the relative wide 
definition of positive exercise ECG test findings; includ-
ing ischemia related findings (ST segment depressions 
and T wave abnormalities) alongside VPCs. Future stud-
ies regarding EiA and CVD should address the debatable 
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Fig. 3 Multivariate predictors of positive exercise ECG findings. a Women with elevated change in urinary albumin to creatinine ratio following 
exercise (ΔEiA > 13 mg/g) demonstrated higher rates of positive exercise ECG findings (OR = 2.691, 95% CI 1.46–4.94, p = 0.00)1. b In men, a similar 
pattern was shown but with substantially reduced effect (OR = 1.511, 95% CI 1.02–2.22, p = 0.036). *Variables entered to the model were as follow‑
ing: ΔUACR > 13 mg/g, age > 46, BMI > 30, METs score, metabolic syndrome components; waist criteria, HDL criteria, BP criteria, glucose criteria and 
triglycerides criteria
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inclusion of VPCs under the definition of a positive car-
diac stress test [42].

Another limitation of our study is the fact that a major-
ity of women with A1C > 6.5% were post-menopausal. It 
is possible that sex hormones contribute to the progres-
sion of diabetic complications, specifically microvascular 
related ones [43]. There are numerous studies supporting 
this concept suggesting an influence of sex hormones on 
the renin-angiotensin system, endothelial function, and 
NO production (in relation to oxidative stress level) [44, 
45]. A more focused investigation is needed to fully assess 
the contribution of sex hormones to ΔEiA and CVD.

A reduction in albuminuria is related to favorable cardi-
ovascular outcomes [39, 46]. Early treatment of diabetic or 
hypertensive patients with angiotensin-converting enzyme 
inhibitors, angiotensin receptor blockers, β-blockers, 
 Ca2+  channel blockers, DPP-4 inhibitors, GLP-1 agonists 
and more recently SGLT-2 inhibitors was effective in low-
ering rest albuminuria [47–51]. Our data suggests that 
stress test-induced albuminuria may serve as a power-
ful screening tool to detect a high-risk subpopulation of 
women who require careful follow-up and possible refine-
ment of preventive treatment. On the contrary, the rela-
tively high negative predictive value demonstrated in our 
findings suggest that evaluating ΔEiA could also serve as 
an important screening tool through which unnecessary 
and costly ECG exercise tests could be avoided in women.

Conclusions
Our findings demonstrate excessive urinary albumin 
excretion following exercise among dysmetabolic patients. 
In women, ΔEiA is correlated with A1C levels. ΔEiA could 
possibly serve as a new screening tool for identifying 
female population at risk for abnormal exercise ECG test 
findings. The usefulness of ΔEiA as a biomarker for car-
diovascular risk stratification among healthy and diabetic 
individuals will need to be validated in future studies.

Abbreviations
CVD: cardiovascular disease; CAD: coronary artery disease; EiA: exercise 
induced albuminuria; A1C: glycated hemoglobin; UACR: urinary albumin 
to creatinine ratio; ΔEiA: UACR following exercise minus UACR at rest; DN: 
diabetic nephropathy; eGFR: estimated glomerular filtration rate; KDIGO: 
kidney disease: improving global outcomes chronic kidney disease classifica‑
tion; CKD: chronic kidney disease; ADA: American Diabetes Association; HDL: 
high‑density lipoprotein‑cholesterol; METs: metabolic equivalents score; VPC: 
ventricular premature contractions; SD: standard deviation; ANOVA: analysis 
of variance; CI: confidence Interval; OR: odds ratio; BMI: body mass index; IQR: 
inter quartile range; PPV: positive predictive value; NPV: negative predictive 
value; CVD: cardiovascular disease.

Authors’ contributions
RB, RE, SST, and SB participated in study conception and design. IE, DZ and IS 
performed the acquisition of data. SST, RB and RE participated in analysis and 
interpretation of data. RB, RE and SST drafted the manuscript and AG, ME, SST, 
OR and SB helped in critical review of the manuscript. All authors read and 
approved the final manuscript.

Author details
1 Department of Internal Medicine “C”, “D” and “E”, Tel Aviv Sourasky Medical 
Center and Sackler Faculty of Medicine, Tel Aviv University, 6 Weizmann Street, 
64239 Tel Aviv, Israel. 2 Nephrology Department, Tel‑Aviv Sourasky Medical 
Center and Sackler Faculty of Medicine, Tel‑Aviv University, Tel‑Aviv, Israel. 
3 Diabetes Unit, Institute of Endocrinology, Metabolism and Hypertension, Tel 
Aviv Sourasky Medical Center, Tel Aviv, Israel. 

Acknowledgements
RYB was supported by “ROM‑ science and medicine pre‑MD/PhD program” 
fellowship.

Competing interests
The authors declare that they have no competing interests.

Availability of data and materials
The data that support the findings of this study are available from the cor‑
responding author upon reasonable request.

Consent for publication
If the manuscript is accepted, we approve it for publication in Cardiovascular 
Diabetology.

Ethics approval and consent to participate
This study was conducted after the acquisition of written informed consent 
from the participating patients and upon the approval by the ethics commit‑
tee of the Tel Aviv Sourasky Medical Center Institutional Review Board (Helsinki 
Committee).

Funding
This study was supported by a grant from the Israel Hamer, Frida Hamer and 
Chaia Hamer Foundation (The Sackler Faculty of medicine).

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub‑
lished maps and institutional affiliations.

Received: 29 April 2017   Accepted: 7 June 2017

References
 1. Kowalski A, Krikorian A, Lerma EV. Diabetic nephropathy for the primary 

care provider: new understandings on early detection and treatment. 
Ochsner J. 2014;14:369–79.

 2. Stevens PE, Levin A. Kidney disease: improving global outcomes chronic 
kidney disease guideline development work group members. Evaluation 
and management of chronic kidney disease: synopsis of the kidney 
disease: improving global outcomes 2012 clinical practice guideline. 
Ann Intern Med. 2013;158:825–30. http://annals.org/article.aspx?
doi=10.7326/0003‑4819‑158‑11‑201306040‑00007.

 3. Alegre‑Díaz J, Herrington W, López‑Cervantes M, Gnatiuc L, Ramirez 
R, Hill M, et al. Diabetes and cause‑specific mortality in Mexico City. 
N Engl J Med. 2016;375:1961–71. http://www.nejm.org/doi/10.1056/
NEJMoa1605368.

 4. Glassock RJ. Is the presence of microalbuminuria a relevant marker of 
kidney disease? Curr Hypertens Rep. 2010;12:364–8.

 5. Climie RE, Srikanth V, Keith LJ, Davies JE, Sharman JE. Exercise excess pres‑
sure and exercise‑induced albuminuria in patients with type 2 diabetes 
mellitus. Am J Physiol Circ Physiol. 2015;308:1136.

 6. Kruger M, Gordjani N, Burghard R. Postexercise albuminuria in children 
with different duration of type‑1 diabetes mellitus. Pediatr Nephrol. 
1996;10:594–7.

 7. Poortmans JR, Brauman H, Staroukine M, Verniory A, Decaestecker 
C, Leclercq R. Indirect evidence of glomerular/tubular mixed‑type 
postexercise proteinuria in healthy humans. Am J Physiol‑Ren Physiol. 
1988;254:277.

http://annals.org/article.aspx%3fdoi%3d10.7326/0003-4819-158-11-201306040-00007
http://annals.org/article.aspx%3fdoi%3d10.7326/0003-4819-158-11-201306040-00007
http://www.nejm.org/doi/10.1056/NEJMoa1605368
http://www.nejm.org/doi/10.1056/NEJMoa1605368


Page 9 of 9Brzezinski et al. Cardiovasc Diabetol  (2017) 16:79 

 8. Wagner R, Machann J, Lehmann R, Rittig K, Schick F, Lenhart J, et al. 
Exercise‑induced albuminuria is associated with perivascular renal 
sinus fat in individuals at increased risk of type 2 diabetes. Diabetologia. 
2012;55:2054–8.

 9. Greenberg S, Shenhar‑Tsarfaty S, Rogowski O, Shapira I, Zeltser D, 
Weinstein T, et al. Exercise‑induced albuminuria is related to metabolic 
syndrome. Am J Physiol Physiol. 2016;310:1192.

 10. Gulati M. Improving the cardiovascular health of women in the nation. 
Circulation. 2017;135:495–8.

 11. Lew J, Sanghavi M, Ayers CR, McGuire DK, Omland T, Atzler D, et al. Sex‑
based differences in cardiometabolic biomarkers clinical perspective. 
Circulation. 2017;135.

 12. Wenger NK. You’ve come a long way, baby. Circulation. 2004;109:558–60.
 13. Mackay MH, Ratner PA, Johnson JL, Humphries KH, Buller CE. Gen‑

der differences in symptoms of myocardial ischaemia. Eur Heart J. 
2011;32:3107–14. http://eurheartj.oxfordjournals.org/cgi/doi/10.1093/
eurheartj/ehr358.

 14. Sara JD, Widmer RJ, Matsuzawa Y, Lennon RJ, Lerman LO, Lerman A. 
Prevalence of coronary microvascular dysfunction among patients with 
chest pain and nonobstructive coronary artery disease. JACC Cardiovasc 
Interv. 2015;8:1445–53.

 15. Taqueti VR, Shaw LJ, Cook NR, Murthy VL, Shah NR, Foster CR, et al. 
Excess Cardiovascular risk in women relative to men referred for 
coronary angiography is associated with severely impaired coronary 
flow reserve, not obstructive disease clinical perspective. Circulation. 
2017;135:566–77. http://circ.ahajournals.org/lookup/doi/10.1161/
CIRCULATIONAHA.116.023266.

 16. Kautzky‑Willer A, Harreiter J, Pacini G. Sex and gender differences in risk, 
pathophysiology and complications of type 2 diabetes mellitus. Endocr 
Rev. 2016;37:278–316.

 17. Cobo G, Hecking M, Port FK, Exner I, Lindholm B, Stenvinkel P, et al. Sex 
and gender differences in chronic kidney disease: progression to end‑
stage renal disease and haemodialysis. Clin Sci (Lond). 2016;130:1147–63.

 18. Kajiwara A, Kita A, Saruwatari J, Miyazaki H, Kawata Y, Morita K, et al. Sex 
differences in the renal function decline of patients with type 2 diabetes. 
J Diabetes Res. 2016;2016.

 19. de Hauteclocque A, Ragot S, Slaoui Y, Gand E, Miot A, Sosner P, et al. The 
influence of sex on renal function decline in people with type 2 diabetes. 
Diabet Med. 2014;31:1121–8.

 20. Franconi F, Campesi I, Occhioni S, Tonolo G. Sex‑gender differences in 
diabetes vascular complications and treatment. Endocr Metab Immune 
Disord Drug Targets. 2012;12:179–96.

 21. Maric C. Sex, diabetes and the kidney. Am J Physiol Physiol. 2009;296:680.
 22. Ruggenenti P, Gambara V, Perna A, Bertani T, Remuzzi G. The nephropathy 

of non‑insulin‑dependent diabetes: predictors of outcome relative to 
diverse patterns of renal injury. J Am Soc Nephrol. 1998;9:2336–43.

 23. Sibley SD, Thomas W, de Boer I, Brunzell JD, Steffes MW. Gender and 
elevated albumin excretion in the diabetes control and complications 
trial/epidemiology of diabetes interventions and complications (DCCT/
EDIC) cohort: role of central obesity. Am J Kidney Dis. 2006;47:223–32.

 24. Milwidsky A, Steinvil A, Shapira I, Letourneau‑Shesaf S, Limor R, Green‑
berg S, et al. Multiplicity of dysmetabolic components in males is associ‑
ated with elevated cardiac troponin t concentrations. J Metab Syndr. 
2014;3:1–5. http://www.omicsgroup.org/journals/multiplicity‑of‑dysmet‑
abolic‑components‑in‑males‑2167‑0943.1000151.php?aid=28302.

 25. Rogowski O, Shapira I, Peretz H, Berliner S. Glycohaemoglobin as a deter‑
minant of increased fibrinogen concentrations and low‑grade inflam‑
mation in apparently healthy nondiabetic individuals. Clin Endocrinol. 
2008;68:182–9.

 26. Rogowski O, Shapira I, Shirom A, Melamed S, Toker S, Berliner S. Heart rate 
and microinflammation in men: a relevant atherothrombotic link. Heart. 
2007;93:940–4.

 27. Steinvil A, Shirom A, Melamed S, Toker S, Justo D, Saar N, et al. Relation of 
educational level to inflammation‑sensitive biomarker level. Am J Cardiol. 
2008;102:1034–9.

 28. Datta P, Dasgupta A. An improved microalbumin method (microALB_2) 
with extended analytical measurement range evaluated on the ADVIA 
chemistry systems. J. Clin. Lab. Anal. 2009 [cited 2016 Oct 5];23:314–8. 
Available from: http://www.ncbi.nlm.nih.gov/pubmed/19774630.

 29. Foundation NK. KDOQI clinical practice guideline for diabetes and CKD: 
2012 update. Am J Kidney Dis. 2012;60:850–86.

 30. Levey AS, Stevens LA, Schmid CH, Zhang YL, Castro AF, Feldman HI, et al. 
A new equation to estimate glomerular filtration rate. Ann Intern Med. 
2009;150:604–12.

 31. Association AD. Standards of medical care in diabetes‑2017. Diabetes 
Care. 2017;2017(40 Suppl 1):S1–20.

 32. Alberti KGMM, Eckel RH, Grundy SM, Zimmet PZ, Cleeman JI, Donato KA, 
et al. Harmonizing the metabolic syndrome. Circulation. 2009;120:1640–5.

 33. Morrish NJ, Wang SL, Stevens LK, Fuller JH, Keen H. Mortality and causes 
of death in the WHO multinational study of vascular disease in diabetes. 
Diabetologia. 2001;44(Suppl 2):S14–21.

 34. Bates RE, Omer M, Abdelmoneim SS, Arruda‑Olson AM, Scott CG, Bailey 
KR, et al. Impact of stress testing for coronary artery disease screening in 
asymptomatic patients with diabetes mellitus: a community‑based study 
in Olmsted County, Minnesota. Mayo Clin Proc. 2016;91:1535–44.

 35. Rassi CHRE, Churchill TW, Tavares CAF, Fahel MG, Rassi FPO, Uchida AH, 
et al. Use of imaging and clinical data to screen for cardiovascular disease 
in asymptomatic diabetics. Cardiovasc Diabetol. 2016;15:28.

 36. Chhabra L, Ahlberg AW, Henzlova MJ, Duvall WL. Temporal trends of 
stress myocardial perfusion imaging: Influence of diabetes, gender and 
coronary artery disease status. Int J Cardiol. 2016;202:922–9.

 37. Zhen Z, Chen Y, Shih K, Liu J‑H, Yuen M, Wong DS‑H, et al. Altered 
myocardial response in patients with diabetic retinopathy: an exercise 
echocardiography study. Cardiovasc Diabetol. 2015;14:123. http://www.
cardiab.com/content/14/1/123.

 38. Sung K, Ryu S, Lee J, Lee SH, Cheong E, Hyun Y, et al. Urine albumin/cre‑
atinine ratio below 30 mg/g is a predictor of incident hypertension and 
cardiovascular mortality. J Am Heart Assoc. 2016;5:e003245.

 39. Ärnlöv J, Evans JC, Meigs JB, Wang TJ, Fox CS, Levy D, et al. Low‑grade 
albuminuria and incidence of cardiovascular disease events in nonhyper‑
tensive and nondiabetic individuals. Circulation. 2005;112:969–75.

 40. Kweon SS, Shin MH, Lee YH, Choi JS, Nam HS, Park KS, et al. Higher normal 
ranges of urine albumin‑to‑creatinine ratio are independently associated 
with carotid intima‑media thickness. Cardiovasc Diabetol. 2012;11:112.

 41. Sörensen BM, Houben AJHM, Berendschot TTJM, Schouten JSAG, Kroon 
AA, van der Kallen CJH, et al. Prediabetes and type 2 diabetes are associ‑
ated with generalized microvascular dysfunction: the Maastricht study. 
Circulation. 2016;134:1339–52.

 42. Luebbert J, Auberson D, Marchlinski F. Premature ventricular complexes 
in apparently normal hearts. Card Electrophysiol Clin. 2016;8:503–14.

 43. Maric C, Sullivan S. Estrogens and the diabetic kidney. Gend Med. 
2008;5(Suppl A):103.

 44. Clotet S, Riera M, Pascual J, Soler MJ. RAS and sex differences in diabetic 
nephropathy. Am J Physiol‑Ren Physiol. 2016;253:135–43.

 45. Schneider MP, Ritt M, Raff U, Ott C, Schmieder RE. Gender is related to 
alterations of renal endothelial function in type 2 diabetes. Nephrol Dial 
Transpl. 2009;24:3354–9.

 46. Ibsen H, Olsen MH, Wachtell K, Borch‑Johnsen K, Lindholm LH, Mogensen 
CE, et al. Reduction in albuminuria translates to reduction in cardiovas‑
cular events in hypertensive patients: losartan intervention for endpoint 
reduction in hypertension study. Hypertension. 2005;45:198–202.

 47. Christensen CK, Krusell LR. Acute and long‑term effect of antihyper‑
tensive treatment on exercise induced microalbuminuria in essential 
hypertension. J Clin Hypertens. 1987;3:704–12.

 48. Romanelli G, Giustina A, Cimino A, Valentini U, Agabiti‑Rosei E, Muiesan 
G, et al. Short term effect of captopril on microalbuminuria induced by 
exercise in normotensive diabetics. BMJ. 1989;298:284–8.

 49. Zinman B, Wanner C, Lachin JM, Fitchett D, Bluhmki E, Hantel S, et al. 
Empagliflozin, cardiovascular outcomes, and mortality in type 2 diabetes. 
N Engl J Med. 2015;373:2117–28.

 50. Marso SP, Daniels GH, Brown‑Frandsen K, Kristensen P, Mann JFE, Nauck 
MA, et al. Liraglutide and cardiovascular outcomes in type 2 diabetes. N 
Engl J Med. 2016;375:311–22.

 51. Mosenzon O, Leibowitz G, Bhatt DL, Cahn A, Hirshberg B, Wei C, et al. 
Effect of saxagliptin on renal outcomes in the SAVOR‑TIMI 53 trial. Diabe‑
tes Care. 2017;40:69–76.

http://eurheartj.oxfordjournals.org/cgi/doi/10.1093/eurheartj/ehr358
http://eurheartj.oxfordjournals.org/cgi/doi/10.1093/eurheartj/ehr358
http://circ.ahajournals.org/lookup/doi/10.1161/CIRCULATIONAHA.116.023266
http://circ.ahajournals.org/lookup/doi/10.1161/CIRCULATIONAHA.116.023266
http://www.omicsgroup.org/journals/multiplicity-of-dysmetabolic-components-in-males-2167-0943.1000151.php%3faid%3d28302
http://www.omicsgroup.org/journals/multiplicity-of-dysmetabolic-components-in-males-2167-0943.1000151.php%3faid%3d28302
http://www.ncbi.nlm.nih.gov/pubmed/19774630
http://www.cardiab.com/content/14/1/123
http://www.cardiab.com/content/14/1/123

	Sex difference in the risk for exercise-induced albuminuria correlates with hemoglobin A1C and abnormal exercise ECG test findings
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusion: 

	Background
	Methods
	Population
	Study procedures
	Statistical analysis

	Results
	Sex effect

	Discussion
	Conclusions
	Authors’ contributions
	References




