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Aims.We aimed to investigate the sex differences in the renal function decline among patients with type 2 diabeticmellitus (T2DM),
focusing on the differences in the risk factors at early stage of renal dysfunction.Methods. A clinic-based retrospective longitudinal
study (follow-up duration: 8.1 ± 1.4 years) was conducted to assess the sex differences in the annual estimated glomerular filtration
rate (eGFR) change in 344 (247 male and 97 female) Japanese T2DM patients. The sex differences in the risk factors of annual
eGFR decline were subjected to linear regression analyses. Results. The mean annual eGFR change was −3.5 ± 2.7%/year in females
and −2.0 ± 2.2%/year in males (𝑃 < 0.001). Baseline retinopathy and proteinuria were significantly associated with a larger eGFR
decline, irrespective of sex, while HbA1c and LDL-cholesterol levels were significantly associated with an eGFR decline in females
only. Interactive effects were observed between sex and the HbA1c, LDL-cholesterol, retinopathy, or proteinuria levels on the
annual eGFR decline. Conclusions. The increased susceptibility to poor metabolic control seemed to contribute to a higher risk
of renal dysfunction in females with T2DM. Our study highlights the importance of aggressive therapeutic intervention to improve
metabolic profiles at early stage, especially in females.

1. Introduction

Elucidating sex differences in diabetes is a necessary step
toward personalized medicine and improved public health
[1–3]. There is growing evidence to indicate that diabetic
females have a greater relative risk of cardiovascular disease
(CVD) than diabetic males [4–9]. The Japan Public Health
Centre-based prospective study revealed that diabetes was
associated with an increased risk of death by CVD: hazard
ratio (HR) 1.76 [95% confidence interval (CI), 1.53–2.02] for
males, and HR 2.49 [95% CI, 2.06–3.01] for females [9].
Several possible explanations for the increased risk in females
with diabetes were suggested, including the greater impact
of CVD risk factors and/or diabetes on CVD [6, 9–12], a
heavier burden of CVD risk factors due to disparities in

medical treatment [4, 5, 7, 9, 10, 12] and lower achievement
rates of target blood pressure values and lipid and glycemic
profiles, even when they are treated similarly to males [4, 7–
9, 13]. Furthermore, recent studies suggest that the increased
diabetes-related risk of CVD in females is strongly associated
with the chronic increase of their CVD risk profile, both in
impaired glucose tolerance (IGT) and in impaired fasting
glucose (IFG) states [4, 8, 10, 12, 14]. Donahue et al. reported
that females who progressed from normoglycemia to a
prediabetic state (fasting glucose: 100–125mg/dL) showed
greater endothelial dysfunction and a greater degree of
fibrinolysis/thrombosis than males [14]. These findings may
emphasize the importance of early aggressive therapeutic
interventions to prevent diabetic vascular complications in
females [8].
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Recently, there has been increasing interest in the sex
differences in the development of microvascular as well
as macrovascular complications in patients with diabetes.
We previously reported that Japanese females with type
2 diabetes mellitus (T2DM) exhibit a higher incidence of
diabetic retinopathy (DR) (HR, 1.85; 95% CI, 1.06–3.24) and
are at greater risk for progression to proliferative diabetic
retinopathy (PDR) [odds ratio (OR), 2.62; 95% CI, 1.38–4.98]
thanmales [15]. In that study, the incidence of PDRat baseline
was significantly higher in females than in males, and a delay
in diagnosis seemed to play a crucial role in the increased risk
of DR in females [15]. On the other hand, few studies have
focused on the association between sex and the development
of nephropathy in T2DM patients, and it remains to be
definitely determined whether a sex difference exists [10].
Several clinical reports suggest that, although the risk of
development and progression of nondiabetic renal disease is
lower in females than inmales, such protections against renal
dysfunction seem to disappear in hyperglycemic females [10,
16]. Based on the facts stated above, we hypothesized that
in females with T2DM a delayed diagnosis and a poorly
controlled risk profile may have a greater impact on the
progression of early stage nephropathy than that which is
observed in males.

On the basis of this information, the present exploratory
study investigated the sex differences in longitudinal renal
function among T2DM patients, with a focus on the differ-
ences in the risk factors at early stage of renal dysfunction.

2. Materials and Methods

2.1. Study Population. In this clinic-based retrospective lon-
gitudinal study, the records of 1,515 consecutive T2DM
patients who visited the Jinnouchi Clinic, Diabetes Care
Center in Kumamoto, Japan, between February 2002 and
January 2011 were reviewed. Among them, the patients who
had been treated at the clinic for less than five years, those
who were over 65 years of age at baseline, and/or those
with incomplete data were excluded. The study protocol
was approved by the institutional ethics committees and
written informed consent was obtained from each subject.
The study was performed in accordance with the Declaration
of Helsinki.

2.2. Measurements and Definitions. The patient’s characteris-
tics at their first visit (baseline) and during follow-up were
obtained from their medical records. T2DM was diagnosed
according to the criteria of the Japan Diabetes Society (JDS)
[17] or based on the patient’s history of T2DM. The value
of hemoglobin A1c (HbA1c) was originally calculated using
the JDS method and then converted to the internationally
used HbA1c, as defined by the National Glycohemoglobin
Standardization Program [17]. The body mass index (BMI)
was calculated by dividing the weight in kilograms by the
square of the height in meters. Overweight was defined as
a BMI value of ≥25.0 kg/m2 [18]. Hypertension was defined
as a systolic blood pressure (SBP) value of ≥140mmHg, a
diastolic blood pressure (DBP) value of ≥90mmHg, and/or

a history of hypertension [19]. Dyslipidemia was defined
by the following serum concentrations: total-cholesterol,
≥5.2mmol/L; low-density lipoprotein (LDL) cholesterol,
≥3.4mmol/L; high-density lipoprotein (HDL) cholesterol,
<1.0mmol/L (in males) or <1.3mmol/L (in females); triglyc-
erides, ≥1.7mmol/L; and/or a history of dyslipidemia [19].
DR was diagnosed by a professional ophthalmologist using
direct ophthalmoscopy or fundus fluorescein angiography.
DR was classified, according to the criteria determined at
the third national ophthalmology conference held in 1985
[20], into the following stages: no retinopathy, nonprolif-
erative diabetic retinopathy (NPDR), or PDR. Proteinuria
was defined based on urine dipstick positivity. The estimated
glomerular filtration rate (eGFR) was calculated using the
Japanese eGFR-estimating equation: eGFR (mL/min/1.73m2)
= 194× SCr−1.094 ×Age−0.287 × 0.739 (if female).The Japanese
eGFR-estimating equation has a relatively little bias across
a wide range of GFR values in the Japanese population and
is thus recommended for use in Japanese individuals by the
Japanese Society of Nephrology [21, 22]. An eGFR decline of
>4% per year was considered to be a rapid decline in eGFR
[21, 23].

2.3. Statistical Analysis. The data are presented as the mean ±
standard deviation (SD) or standard error (SE) and number
(%). The continuous variables were compared by Student’s
𝑡-test or a one-way ANOVA; the categorical variables were
compared by Fisher’s exact test. For each patient, a univariate
linear regression model of time versus eGFR (least-squares
method) was created, and the slope of the regression line
was used to estimate the patient’s changes in eGFR over
the observational period, in accordance with the methods
of a previous study [21]. The eGFR slope was expressed as
percentage per year by dividing the slope by the baseline
eGFR value (i.e., the annual eGFR change). Sex differences in
annual eGFR decline were assessed using multivariate linear
regression analysis with calculation of unstandardized partial
regression coefficient (B) adjusted for age, DR, proteinuria,
diabetes duration, HbA1c, SBP, LDL-cholesterol, overweight,
and ever-smoking. Additionally, in order to identify the
possible predictors for annual eGFR decline, we performed
linear regression analyses in which the standardized par-
tial regression coefficient (𝛽) was calculated separately in
males and females.The baseline characteristics includingDR,
proteinuria, diabetes duration, HbA1c, SBP, LDL-cholesterol,
overweight, and ever-smoking were considered as the possi-
ble predictors of renal function decline. A 𝑃 value of <0.05
in the univariate model was adopted as the entry criterion
for variables to be included in the multivariable models.
All 𝛽 were adjusted for the patient’s age. Furthermore, the
interaction between sex and each of the factors with the
annual eGFRdeclinewas assessed using amultivariable linear
model. In thismodel, the effects of the combination of sex and
metabolic status abnormalities such as HbA1c (≥7.0%, i.e.,
≥53.0mmol/mol), LDL-cholesterol (≥3.4mmol/L), and SBP
(≥140mmHg) on the annual eGFRdeclinewere also assessed.
The longitudinal associations between sex and these clinical
parameters were analyzed using the generalized estimating
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equations approach. Autoregressive models were applied for
the analyses with the calculations of the B and the OR and
95% CI. All of these calculations were performed using the
data obtained over the entire observational period in each
patient. To verify the results of the above-mentioned analyses,
a supplementary analysis was performed using propensity
score (PS)matching in order to reduce selection bias and con-
founding bias [24]. The PS was constructed using a logistic
regression model. The variables included in the PS matching
model are age, diabetes duration, DR, HbA1c, proteinuria,
SBP, and LDL-cholesterol at baseline. Female patients were
matched in a 1 : 1 ratio with male patients, using the nearest
neighbor matching algorithm without replacement on the
logit of the PS using a caliper of width equal to 0.001 SD
of the logit of the PS. In addition, bootstrap analyses were
performed to validate the findings for sex differences in
renal function decline. One thousand replicated datasets
were generated by random sampling with replacement and
stratified according to the study population, including total
study patients (i.e., unmatched) and PS-matched patients, to
ensure a representative study population distribution using
the individual as the sampling unit. A two-tailed 𝑃 value of
<0.05 was considered to be statistically significant. Multiple
comparisons were corrected using Bonferroni’s method, and
𝑃 values of <0.05/n were considered to be statistically
significant after correcting for the number of comparisons.
PS matching was performed with a contributed R package
(“Matching”) using the R software program (version 3.0.0,
R Foundation for Statistical Computing, Vienna, Austria).
Other statistical analyses were performed using the SPSS
software package forWindows (Version 23.0, IBM Japan Ltd.,
Tokyo, Japan).

3. Results

Among 1,515 patients with T2DM, the results of the subjects
who had been followed for less than five years (𝑁 = 946)
were considered to be inadequate for the assessment of
longitudinal changes of renal function. We further excluded
patients who were older than 65 years of age at baseline
(𝑁 = 174) and/or those with incomplete data (𝑁 = 51);
consequently 344 subjects (247 males and 97 females) were
included in the analysis. The mean observation period of the
344 subjects in the present study was 8.1 ± 1.4 years (2,800
person-years of follow-up).The baseline characteristics of the
study population are presented in Table 1. The prevalence of
DR, SBP, and LDL-cholesterol values was significantly higher
in females than in males. The mean annual change in eGFR
was−3.5±2.7%/year in females and −2.0±2.2%/year inmales
(𝑃 < 0.001), and female sex was significantly associated with
a larger decline of eGFR (B, −1.025; 95% CI, −1.645–−0.405).
A greater number of females were “rapid decliners” compared
to males (34.0% versus 17.4%, 𝑃 = 0.001). The eGFR values
at the endpoint were ≥60mL/min/1.73m2 in 285 subjects
(209 males and 76 females), 30–59.9mL/min/1.73m2 in 46
subjects (32 males and 14 females), and <30mL/min/1.73m2
in 13 subjects (6 males and 7 females). All of patients with
endpoint eGFR values of <30mL/min/1.73m2 were rapid
decliners.

Table 2 presents the results of the univariate and multi-
variable linear regression analyses, separated by sex. In both
sexes, the baseline DR and proteinuria were significantly
associated with a larger decline of eGFR after multivariable
adjustment. HbA1c and LDL-cholesterol were significantly
associated with an annual eGFR decline in females only.
Furthermore, interactive effects were observed between sex
and the DR, proteinuria, HbA1c, or LDL-cholesterol levels on
the annual eGFR decline (𝑃 < 0.05), indicating that females
with these risk factors were at a greater risk of eGFR decline.
The statistical significance of the associations of diabetes
duration and SBP with renal function decline disappeared
after the multivariable adjustment. Table 3 shows the effects
of the combination of sex and metabolic status abnormalities
on annual eGFR decline. Females with poor HbA1c and/or
LDL-cholesterol control showed a significantly greater annual
eGFR decline than males with good control; however, this
differencewas not observed in females with good control.The
combination of sex and SBP control did not have a statistically
significant effect on the annual eGFR decline. Table 4 shows
themean values formetabolic profiles during the observation
period and the longitudinal influence of female sex on the
mean values and the risks for abnormal metabolic profiles.
The mean LDL-cholesterol level in females remained higher
during the initial four years of the observation period.
Although the mean HbA1c level in females did not differ
markedly from that in males, the longitudinal association
analyses showed that females had poorer control of their
HbA1c and LDL-cholesterol levels compared to males during
the observation period.

Table 5 shows the clinical characteristics of 41 females
and 41 PS-matched males. The basal characteristics were not
different between themales and the females, and theirHbA1c,
LDL-cholesterol, and SBP level were not well controlled. The
females exhibited a greater annual eGFR decline than the
males (−3.3 ± 2.5%/year versus −1.7 ± 1.6%/year, 𝑃 = 0.001).

Lastly, bootstrap analyses were performed to verify the
sex differences in eGFR decline.The results using 1,000 repli-
cated datasets by the bootstrap approach further confirmed
that females exhibited a larger annual eGFR decline than
males in both unmatched (median B value, −1.025; 95% CI,
−1.597– − 0.457) and PS-matched populations (−3.3 ± 2.5%/
year versus −1.7 ± 1.6%/year, 𝑃 = 0.004).

4. Discussion

In the present study, females exhibited a significantly greater
decline in renal function than males, and the results from the
PS matching model supported this association. HbA1c and
LDL-cholesterol were significantly associated with annual
eGFR decline in females only. These preliminary findings
suggest that the association between poor metabolic control
and annual eGFR decline is more common in females.
Moreover, this study is, to our knowledge, the first report
to show that the association between retinopathy and rapid
renal function decline is more pronounced in females than
in males. It has been proposed that different mechanisms
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Table 1: The baseline characteristics of the overall study population and separated by sex.

All subjects Males Females
𝑃 value

(𝑁 = 344) (𝑁 = 247) (𝑁 = 97)
Age (years) 50.8 ± 9.1 49.9 ± 9.5 53.2 ± 7.6 0.001
Age at diagnosis of diabetes (years) 45.6 ± 9.5 44.6 ± 9.7 48.0 ± 8.7 0.003
Diabetes duration (years) 5.3 ± 6.1 5.3 ± 6.3 5.2 ± 5.4 0.924
Diabetic retinopathy

No retinopathy (%) 279 (81.1) 210 (85.0) 69 (71.1) 0.008
NPDR (%) 56 (16.3) 33 (13.4) 23 (23.7)
PDR (%) 9 (2.6) 4 (1.6) 5 (5.2)

HbA1c (%) 9.7 ± 2.6 9.7 ± 2.7 9.8 ± 2.4 0.688
HbA1c (mmol/mol) 83.0 ± 28.5 82.6 ± 29.3 84.0 ± 26.5 0.692
eGFR (mL/min/1.73m2) 96.5 ± 24.0 95.1 ± 21.7 99.9 ± 28.9 0.140
Proteinuria (%) 98 (28.5) 72 (29.1) 26 (26.8) 0.693
SBP (mmHg) 139.5 ± 24.1 136.9 ± 22.6 146.2 ± 26.4 0.002
DBP (mmHg) 85.5 ± 13.6 85.0 ± 13.1 86.7 ± 14.7 0.279
Hypertension (%) 180 (52.3) 118 (47.8) 62 (63.9) 0.008
Total-cholesterol (mmol/L) 5.5 ± 1.1 5.4 ± 1.1 5.9 ± 1.0 <0.001
LDL-cholesterol (mmol/L) 3.3 ± 0.9 3.2 ± 0.9 3.6 ± 0.9 <0.001
HDL-cholesterol (mmol/L) 1.5 ± 0.4 1.4 ± 0.4 1.6 ± 0.4 <0.001
Triglycerides (mmol/L) 1.8 ± 1.7 2.0 ± 1.9 1.5 ± 0.8 0.002
Dyslipidemia (%) 278 (80.8) 190 (76.9) 88 (90.7) 0.004
BMI (kg/m2) 24.3 ± 4.3 24.1 ± 4.1 24.7 ± 4.7 0.227
Overweight (%) 134 (39.0) 89 (36.0) 45 (46.4) 0.086
Ever-smoker (%) 202 (58.7) 184 (74.5) 18 (18.6) <0.001
Therapy components

Hypoglycemic agents
Oral hypoglycemic agents (%) 97 (28.2) 58 (23.5) 39 (40.2) 0.003
Insulin (%) 20 (5.8) 15 (6.1) 5 (5.2) 1.000

Antihypertensive agents
ACE inhibitors or ARBs (%) 18 (5.3) 11 (4.5) 7 (7.4) 0.286
Others (%) 30 (8.7) 17 (6.9) 13 (13.4) 0.059

Hypolipidemic agents
Statins (%) 22 (6.4) 6 (2.4) 16 (16.7) <0.001
Fibrates (%) 12 (3.5) 4 (1.6) 8 (8.3) 0.005
Others (%) 4 (1.2) 3 (1.2) 1 (1.0) 1.000

Data are presented as means ± SD or number (%).
ACE: angiotensin-converting enzyme; ARB: angiotensin receptor blocker.

underlie the development of diabetic vascular complica-
tions in females and males [10, 25]. Previous studies have
revealed stronger relationships between retinopathy and
CVD [26] and between renal dysfunction and CVD [27] in
females. Taken together, the diabetic vascular complications
in females were considered to be highly related to each other
and there may be female-specific risks and/or a vulnerability
to vascular dysfunction underlying these relationships.

In this study, female sex was significantly associated with
a larger decline of eGFR (B, −1.025; 95% CI, −1.645–−0.405),
and rapid decliners were foundmore often in females (34.0%)
than inmales (17.4%). A recentmeta-analysis, which included
more than 200,000 individuals with type 1 diabetes, revealed
that the pooled female-to-male ratio of the standardized

mortality ratio for fatal renal disease was 1.44 (95% CI 1.02–
2.05) [11]. Females with T2DM have also been reported to be
at a higher risk of diabetic nephropathy and renal dysfunction
in previous studies [16, 25, 28, 29], while other studies have
indicated a higher risk in males [16, 30]. Although the reason
for the inconsistent results regarding sex differences in the
risk of renal dysfunction in T2DM patients is unclear, it may
be due to disparities in the participants’ background charac-
teristics and/or the various definitions of renal dysfunction.
de Hauteclocque et al. assessed rapid eGFR decline using
longitudinal serum creatinine data (as we did in our present
study) and showed that male gender was independently
associated with a rapid decline of renal function [30]. In
our study population, however, the baseline metabolic profile
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Table 2: The relationships between baseline variables and the annual eGFR change in males and females.

Univariate analysis Multivariable analysis
𝛽
a

𝑃 value 𝛽
a

𝑃 value
Males

DR (yes/no) −0.264 <0.001 −0.161 0.019
Proteinuria (yes/no) −0.243 <0.001 −0.139 0.041
Diabetes duration (years) −0.158 0.017 −0.097 0.142
HbA1c (% or mmol/mol) −0.135 0.036 −0.084 0.182
SBP (mmHg) −0.136 0.032 −0.065 0.301
LDL-cholesterol (mmol/L) −0.006 0.920 — —
Overweight (yes/no) 0.062 0.332 — —
Ever-smoker (yes/no) −0.021 0.745 — —

Females
DR (yes/no) −0.465 <0.001 −0.248 0.022
Proteinuria (yes/no) −0.344 <0.001 −0.207 0.026
Diabetes duration (years) −0.256 0.013 −0.160 0.101
HbA1c (% or mmol/mol) −0.377 <0.001 −0.191 0.049
SBP (mmHg) −0.243 0.018 −0.127 0.154
LDL-cholesterol (mmol/L) −0.267 0.009 −0.182 0.041
Overweight (yes/no) 0.058 0.587 — —
Ever smoker (yes/no) 0.049 0.644 — —

aAdjusted for baseline age.

Table 3: The effects of the combination of sex and metabolic status-abnormalities on the annual eGFR decline.

Sex Clinical feature 𝑁 Annual eGFR change (%/year) 𝛽
a P value

Male HbA1c < 7.0% (53.0mmol/mol) 43 −1.4 ± 1.9 0 —
HbA1c ≥ 7.0% (53.0mmol/mol) 204 −2.2 ± 2.2 −0.055 0.464

Female HbA1c < 7.0% (53.0mmol/mol) 13 −2.7 ± 1.4 −0.083 0.139
HbA1c ≥ 7.0% (53.0mmol/mol) 84 −3.6 ± 2.9 −0.234 0.003

Male LDL-cholesterol < 3.4mmol/L 146 −2.1 ± 2.3 0 —
LDL-cholesterol ≥ 3.4mmol/L 101 −2.0 ± 2.0 0.030 0.577

Female LDL-cholesterol < 3.4mmol/L 38 −3.1 ± 1.8 −0.090 0.108
LDL-cholesterol ≥ 3.4mmol/L 59 −3.8 ± 3.2 −0.189 0.001

Male SBP < 140mmHg 147 −1.8 ± 2.0 0 —
SBP ≥ 140mmHg 100 −2.4 ± 2.4 −0.019 0.561

Female SBP < 140mmHg 40 −2.8 ± 2.6 −0.117 0.033
SBP ≥ 140mmHg 57 −4.0 ± 2.7 −0.207 <0.001

Data are presented as means ± SD.
aAdjusted for baseline age, diabetes duration, DR, proteinuria, overweight, ever-smoker, HbA1c (except for first model), LDL-cholesterol (except for second
model), and SBP (except for third model).

was obviously worse than in the population of this previous
study [30] and was comparable to or slightly worse than
those in the other studies that indicated a higher risk of renal
dysfunction in females with diabetes [25, 28]. It should also
be noted that we examined a relatively early stage of renal
dysfunction in this study. This is shown by the fact that only
17.2% of subjects exhibited an eGFR of <60mL/min/1.73m2
at the endpoint. Thus far, it has been reported that females
with T2DM have a higher risk of severe renal dysfunction
(renal impairment defined as a decrease in Cockcroft-Gault
estimated creatinine <60mL/min or a doubling of plasma

creatinine) [28] and advanced diabetic kidney disease (an
eGFR <30mL/min/1.73m2) [29].The present study provided
new information suggesting that among the Japanese T2DM
patients, inwhombaselinemetabolic profiles ofmost subjects
could not be controlled, females were at a higher risk of early-
stage renal dysfunction.

The females of the present study exhibited poorer
metabolic statuses during the observation period, and base-
line HbA1c and LDL-cholesterol levels were associated with
annual eGFR decline in females only. In order to diminish the
sex disparities in the baseline characteristics and to confirm
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Table 4: Metabolic profiles during the observation perioda.

Baselineb Year 1b Year 2b Year 3b Year 4b Year 5b Clinical parameters Abnormal levelc

Β
e SE P value ORe 95% CI P value

HbA1c (%)
Males 9.7 ± 0.2 7.5 ± 0.1 7.5 ± 0.1 7.5 ± 0.1 7.7 ± 0.1 7.7 ± 0.1 0 — — 1 — —
Females 9.8 ± 0.3 7.6 ± 0.1 7.5 ± 0.1 7.6 ± 0.1 7.4 ± 0.1 7.4 ± 0.1d 0.25 0.14 0.084 1.66 1.09–2.53 0.018

HbA1c
(mmol/mol)

Males 82.6 ± 1.9 58.8 ± 1.3 59.1 ± 1.1 58.9 ± 1.1 60.3 ± 1.1 61.0 ± 1.1 0 — — 1 — —
Females 84.0 ± 2.7 60.1 ± 1.6 58.7 ± 1.5 59.4 ± 1.6 58.0 ± 1.3 57.3 ± 1.3d 2.65 1.55 0.087 1.66 1.09–2.53 0.018

LDL-cholesterol
(mmol/L)

Males 3.2 ± 0.1 3.0 ± 0.1 3.0 ± 0.1 3.0 ± 0.1 3.1 ± 0.1 3.1 ± 0.1 0 — — 1 — —
Females 3.6 ± 0.1d 3.4 ± 0.1d 3.5 ± 0.1d 3.5 ± 0.1d 3.3 ± 0.1d 3.2 ± 0.1 0.31 0.08 <0.001 1.96 1.39–2.76 <0.001

SBP (mmHg)
Males 136.9 ± 1.4 133.6 ± 1.3 133.6 ± 1.1 134.1 ± 1.2 136.4 ± 1.2 135.9 ± 1.1 0 — — 1 — —
Females 146.2 ± 2.7d 136.6 ± 2.4 135.9 ± 1.9 137.1 ± 1.7 134.5 ± 2.0 135.0 ± 1.8 −2.00 1.62 0.218 0.82 0.58–1.16 0.252

aThe longitudinal data were described only up to year 5 of the observation period, in which the sample size was sufficiently large to calculate the mean and SE
values for the metabolic profiles.
bData are presented as means ± SE.
cAbnormalities of HbA1c (≥7.0%, i.e. ≥53.0mmol/mol), LDL-cholesterol (≥3.4mmol/L), and SBP (≥140mmHg).
d
𝑃 < 0.05 versus males analyzed by Student’s 𝑡-test.

eLongitudinal analyses for the entire observational period (8.1 ± 1.4 years) were adjusted for age, diabetes duration, DR, proteinuria, overweight, ever-smoker,
HbA1c (except for first and second model), LDL-cholesterol (except for third model), and SBP (except for fourth model).

Table 5: The clinical characteristics of males and PS-matched
females.

Males Females
𝑃 value

(𝑁 = 41) (𝑁 = 41)
Annual eGFR change (%/year) −1.7 ± 1.6 −3.3 ± 2.5 0.001
Variables used in the PS matching

Age (years) 52.9 ± 7.4 51.1 ± 9.0 0.318
Diabetes duration (years) 4.9 ± 4.9 4.4 ± 4.9 0.703
DR (yes/no) 2 (4.9) 6 (14.6) 0.264
HbA1c (%) 9.5 ± 2.7 9.4 ± 2.2 0.915
HbA1c (mmol/mol) 80.1 ± 29.8 79.5 ± 24.0 0.915
Proteinuria (yes/no) 6 (14.6) 10 (24.4) 0.404
SBP (mmHg) 141.2 ± 21.8 143.0 ± 22.9 0.716
LDL-cholesterol (mmol/L) 3.3 ± 0.8 3.3 ± 0.6 0.969

Data are presented as means ± SD or number (%).

whether the decline in renal function in females is greater
than in males with similar baseline characteristics, we con-
ducted a supplementary analysis using a PS matching model.
In this supplementary analysis, where the baseline metabolic
statuses of the males and females were equally poor, we
confirmed that there was a greater annual eGFR decline in
the female subjects. It is well known that females (especially
younger females) are more insulin sensitive and are at lower
risk of vascular disease than males [8, 14]. Estrogen has
various vasoprotective effects (e.g., vasodilation, lipid profile
improvement, antioxidation, anti-inflammation, and antifi-
bronic effects) and plays an important role in this advantage

of females [7, 31]. In the kidney, estrogen activates metallo-
proteinase enzymes and nitric oxide synthesis, inhibits the
renin-angiotensin system and mesangial cell proliferation,
and reduces inflammation [29]. In hyperglycemic states such
as diabetes and prediabetes, however, these advantages of
estrogen appear to be diminished or abolished [6, 8, 14,
32]. Females with T2DM have been reported to exhibit a
reduced productivity of estrogen in comparison to healthy
counterparts, even in their twenties [7, 33]. Furthermore,
patients with diabetes appear to exhibit an impaired balance
of the estrogen receptors (ER𝛼 and ER𝛽). The increased
expression or activation of ER𝛽 over ER𝛼 could induce a
higher level of oxidative stress, a proinflammatory profile,
and the increased formation of atherosclerotic plaque [5].
It is considered that biologically, females in hyperglycemic
states tend to exhibit a greater arteriosclerotic risk profile and
greater endothelial dysfunction [6, 8, 14, 32], which suggests
that bothmay have contributed to the increased vulnerability
to vascular dysfunction (such as diabetic nephropathy) that
was observed in the females of this study.

The present study is associated with some limitations.
First, the retrospective study design and small sample size
are crucial limitations. To reduce the selection bias, we
conducted a supplementary analysis using the PS matching
model, a technique that has been used in other recent
retrospective studies [24]. Although inexact or incomplete
matching might have affected the results of this study, we
matched male patients with 42.3% of the female patients,
with a median standardized difference after matching of
0.08, which indicates a satisfactory matching. In addition,
we verified our findings using the bootstrap approach to
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address the small sample size. These validation results also
indicated a greater decline in renal function in females
than in males. Second, in the present study, we used the
Japanese eGFR-estimating equation, not theCKDEpidemiol-
ogyCollaboration (CKD-EPI) equation.However, evenwhen
analyzing our data using the CKD-EPI equation for Japanese
population [34], females still exhibited a significantly greater
decline in renal function than males (−2.4±2.8%/year versus
−1.6 ± 1.7%/year, 𝑃 = 0.009). The findings obtained using
the CKD-EPI equation were generally comparable to those
using the Japanese eGFR-estimating equation (Supplemental
Tables 1–3; see Supplementary Material available online at
http://dx.doi.org/10.1155/2016/4626382). Third, the patients
of our study population, which were from a diabetes care
center, basically had poor metabolic control at their first visit.
The higher risk of rapid renal function decline in females
appears to manifest in such situations due to their biological
vulnerability. Thus, it should be taken into account that it
remains unknown whether female sex is a risk factor for
renal dysfunction in other populations, especially diabetic
patients whose metabolic profiles are well controlled. Fourth,
information regarding the menopause status of the patients
was not available in the present study. However, if we are
to assume that menopause occurs between the ages of 45
and 55, then the pre- and postmenopause age groups were
not independently associatedwith rapid eGFRdecline. Lastly,
we could not assess the relationship between albuminuria
and a rapid eGFR decline due to a lack of data. Therefore,
further investigations in larger populations, which include
longitudinal and quantitative data on albuminuria and serum
creatinine levels and other laboratory/descriptive informa-
tion, are needed to verify our findings.

5. Conclusions

In summary, this exploratory longitudinal study showed that
females exhibited a greater decline in renal function than
males. An increased susceptibility to poor metabolic control
might contribute to a higher risk of renal dysfunction in
females with T2DM. Although further investigations are
needed to verify these preliminary findings, we provided
useful information on sex differences in renal dysfunction
in patients with T2DM. Our study highlights the impor-
tance of the aggressive therapeutic interventions to improve
metabolic profiles at an early stage, especially in females.

Competing Interests

The authors have no competing interests to disclose.

Acknowledgments

The authors thank all of the patients that participated in
the study. This work was supported by grants-in-aid (nos.
23510348, 25860117, and 26360049) for scientific research
from the JapaneseMinistry of Education, Science, Sports and
Culture.

References

[1] National Institutes of Health Office of Research on Women’s
Health, Moving into the Future with New Dimensions and
Strategies: A Vision for 2020 forWomen’s Health Research, Office
of Research on Women’s Health, National Institutes of Health,
U.S. Department of Health andHuman Services, Bethesda, Md,
USA, 2010.

[2] F. Mauvais-Jarvis, “Elucidating sex and gender differences
in diabetes: a necessary step toward personalized medicine,”
Journal of Diabetes and its Complications, vol. 29, no. 2, pp. 162–
163, 2015.

[3] T. Ohta, Y. Katsuda, K. Miyajima et al., “Gender differences
in metabolic disorders and related diseases in spontaneously
diabetic Torii- Lepr𝑓𝑎 rats,” Journal of Diabetes Research, vol.
2014, Article ID 841957, 7 pages, 2014.

[4] S. A. E. Peters, R. R. Huxley, and M. Woodward, “Diabetes
as risk factor for incident coronary heart disease in women
compared with men: a systematic review and meta-analysis of
64 cohorts including 858,507 individuals and 28,203 coronary
events,” Diabetologia, vol. 57, no. 8, pp. 1542–1551, 2014.

[5] A. P. V. Dantas, Z. B. Fortes, and M. H. C. de Carvalho,
“Vascular disease in diabetic women: why do they miss the
female protection?” Experimental Diabetes Research, vol. 2012,
Article ID 570598, 10 pages, 2012.

[6] S. G. Wannamethee, O. Papacosta, D. A. Lawlor et al., “Do
women exhibit greater differences in established and novel
risk factors between diabetes and non-diabetes than men? the
British Regional Heart Study and BritishWomen’s Heart Health
Study,” Diabetologia, vol. 55, no. 1, pp. 80–87, 2012.

[7] G. Penno, A. Solini, E. Bonora et al., “Gender differences in car-
diovascular disease risk factors, treatments and complications
in patients with type 2 diabetes: the RIACE Italian multicentre
study,” Journal of Internal Medicine, vol. 274, no. 2, pp. 176–191,
2013.

[8] S. A. E. Peters, R. R. Huxley, and M. Woodward, “Diabetes
as a risk factor for stroke in women compared with men: a
systematic review and meta-analysis of 64 cohorts, including
775 385 individuals and 12 539 strokes,”The Lancet, vol. 383, no.
9933, pp. 1973–1980, 2014.

[9] M. Kato, M. Noda, T. Mizoue et al., “Diagnosed diabetes and
premature death among middle-aged Japanese: results from
a large-scale population-based cohort study in Japan (JPHC
study),” BMJ Open, vol. 5, no. 4, Article ID e007736, 2015.

[10] F. Franconi, I. Campesi, S. Occhioni, and G. Tonolo, “Sex-
gender differences in diabetes vascular complications and
treatment,” Endocrine, Metabolic and Immune Disorders—Drug
Targets, vol. 12, no. 2, pp. 179–196, 2012.

[11] R. R. Huxley, S. A. E. Peters, G. D. Mishra, and M. Woodward,
“Risk of all-cause mortality and vascular events in women
versus men with type 1 diabetes: a systematic review and meta-
analysis,” The Lancet Diabetes and Endocrinology, vol. 3, no. 3,
pp. 198–206, 2015.

[12] P. Anagnostis, A. Majeed, D. G. Johnston, and I. F. Godsland,
“Mechanisms in endocrinology: cardiovascular risk in women
with type 2 diabetesmellitus and prediabetes: is it indeed higher
than men?” European Journal of Endocrinology, vol. 171, no. 6,
pp. R245–R255, 2014.

[13] A. Ferrara, C. M. Mangione, C. Kim et al., “Sex disparities in
control and treatment of modifiable cardiovascular disease risk
factors among patients with diabetes: translating Research Into



8 Journal of Diabetes Research

Action for Diabetes (TRIAD) study,” Diabetes Care, vol. 31, no.
1, pp. 69–74, 2008.

[14] R. P. Donahue, K. Rejman, L. B. Rafalson, J. Dmochowski,
S. Stranges, and M. Trevisan, “Sex differences in endothelial
function markers before conversion to pre-diabetes: does the
clock start ticking earlier among women? The Western New
York Study,” Diabetes Care, vol. 30, no. 2, pp. 354–359, 2007.

[15] A. Kajiwara, H. Miyagawa, J. Saruwatari et al., “Gender differ-
ences in the incidence and progression of diabetic retinopathy
among Japanese patients with type 2 diabetes mellitus: a clinic-
based retrospective longitudinal study,” Diabetes Research and
Clinical Practice, vol. 103, no. 3, pp. e7–e10, 2014.

[16] C. Maric and S. Sullivan, “Estrogens and the diabetic kidney,”
Gender Medicine, vol. 5, no. 1, pp. S103–S113, 2008.

[17] Y. Seino, K. Nanjo, N. Tajima et al., “Report of the Committee
on the classification and diagnostic criteria of diabetes mellitus:
The Committee of the Japan Diabetes Society on the diagnostic
criteria of diabetes mellitus,” Diabetology International, vol. 1,
no. 1, pp. 2–20, 2010.

[18] National Institute of Diabetes, Digestive, and Kidney Diseases,
Overweight and Obesity Statistics, 2016, http://www.niddk.nih
.gov/health-information/health-statistics/documents/stat904z
.pdf.

[19] National Heart Lung and Blood Institute, “High Bood Choles-
terol: What you need to know,” January 2016, https://www
.nhlbi.nih.gov/files/docs/public/heart/wyntk.pdf.

[20] R. Klein, B. E. K. Klein, Y. L.Magli et al., “An alternativemethod
of grading diabetic retinopathy,” Ophthalmology, vol. 93, no. 9,
pp. 1183–1187, 1986.

[21] H. Yokoyama, S. Kanno, S. Takahashi et al., “Risks for glomeru-
lar filtration rate decline in association with progression of
albuminuria in type 2 diabetes,” Nephrology Dialysis Transplan-
tation, vol. 26, no. 9, pp. 2924–2930, 2011.

[22] S. Matsuo, E. Imai, M. Horio et al., “Revised equations for
estimated GFR from serum creatinine in Japan,” American
Journal of Kidney Diseases, vol. 53, no. 6, pp. 982–992, 2009.

[23] A. A. Tahrani, K. Dubb, N. T. Raymond et al., “Cardiac auto-
nomic neuropathy predicts renal function decline in patients
with type 2 diabetes: a cohort study,”Diabetologia, vol. 57, no. 6,
pp. 1249–1256, 2014.

[24] R. Lorusso, S.Gelsomino, F. Luca et al., “Type 2 diabetesmellitus
is associated with faster degeneration of bioprosthetic valve:
results from a propensity score—matched Italian multicenter
study,” Circulation, vol. 125, no. 4, pp. 604–614, 2012.

[25] G. Coll-de-Tuero, M. Mata-Cases, A. Rodriguez-Poncelas et
al., “Chronic kidney disease in the type 2 diabetic patients:
prevalence and associated variables in a random sample of 2642
patients of a Mediterranean area,” BMC Nephrology, vol. 13,
article 87, 2012.

[26] A. Juutilainen, S. Lehto, T. Rönnemaa, K. Pyörälä, and M.
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