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ABSTRACT

Background: The development of metabolic syndrome has been described in patients with type 1 diabetes mellitus as the
disease progresses over time. The purpose of this study is to assess the relationship between metabolic syndrome, albuminuria,
and glomerular filtration rate, as well as to determine the prevalence of metabolic syndrome, in a group of Mexican patients
with type 1 diabetes mellitus. Methods: We conducted a cross-sectional study that included patients with type 1 diabetes
mellitus who were diagnosed over 10 years ago and who are seen at the Diabetes Intensive Control Clinic of the Instituto
Nacional de Ciencias Medicas y Nutricion Salvador Zubiran in Mexico City. The presence of metabolic syndrome was determined
by using the National Cholesterol Education Program-Adult Treatment Panel lll (ATP Ill) criteria. Results. A total of 81 individuals
were studied. The prevalence of metabolic syndrome was 18.5% (n = 15). A higher albuminuria was found in subjects with meta-
bolic syndrome (34.9 mg/24 hours; 8.3-169.3) than in those without metabolic syndrome (9.0 mg/24 hours; 5.0-27.0; p = 0.02).
Glomerular filtration rate was lower in patients with metabolic syndrome (95.3 ml/minute; [64.9-107.2] vs. 110.2 ml/minute
[88.1-120.3]; p = 0.04). After classifying the population according to the number of metabolic syndrome criteria, a progressive
increase in albuminuria and a progressive decrease in glomerular filtration rate were found with each additional metabolic syndrome
criterion (p = 0.008 and p = 0.032, respectively). After adjusting for age, time from diagnosis, systolic blood pressure, triglycerides,
HDL-cholesterol, and treatment with angiotensin receptor blockers or angiotensin converting enzyme inhibitors, we found that
age, time from diagnosis, triglycerides, and HDL-cholesterol were independent factors associated with glomerular filtration rate
(R?2 = 0.286; p < 0.001). Conclusions: Metabolic syndrome was associated with a higher albuminuria and a reduction in
glomerular filtration rate in patients with type 1 diabetes mellitus. Metabolic syndrome was present in 18.5% of this group of
Mexican individuals with type 1 diabetes mellitus. (REV INVES CLIN. 2015;67:266-72)
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INTRODUCTION

Metabolic syndrome (MS) is characterized by the clus-
tering of cardiovascular risk factors. These include:
central obesity, impaired glucose metabolism, hyper-
tension, and dyslipidemial-. In the general population
and patients with type 2 diabetes (T2DM), MS is as-
sociated with adverse outcomes such as coronary ar-
tery disease and kidney disease>®.

Type 1 diabetes mellitus (T1DM) is caused by the im-
mune-mediated destruction of pancreatic g cells. In or-
der to obtain a good glycemic control and to reduce
chronic complications, intensive treatment is required.
This intensive treatment consists of the administration
of multiple insulin doses or a continuous insulin infu-
sion. Weight gain is an adverse effect of the intensive
insulin regimen?. Some patients with T1DM are char-
acterized by having a higher body mass index (BMI),
greater insulin requirements, and they usually have a
family history of T2DM. This profile is also associated
with a worse metabolic control, and may confer a
greater risk for developing cardiovascular disease. This
phenomenon has been called “double diabetes”8°.

Central obesity is related to insulin resistance and MS.
At present, these entities are more frequently found
in patients with TIDM71011 The presence of T1DM
and MS confers an increased risk not only for macro-
vascular disease, but also for microvascular complica-
tions, including diabetic nephropathy!2-15,

In a follow-up analysis of the Diabetes Control and
Complications Trial-Epidemiology of Diabetes Inter-
ventions and Complications (DCCT-EDIC) study!4, the
prevalence of MS increased over time in both conven-
tional and intensive treatment groups. The prevalence
of MS was 27%. Insulin resistance (estimated by glu-
cose disposal rate) at baseline was related to an in-
creased risk of developing both micro- and macrovas-
cular complications. However, MS was not related to
complications or to a worse glycemic control'“. In the
Finnish Diabetic Nephropathy Study (FinnDiane), the
prevalence of MS in men and women with T1DM was
38 and 40%, respectively®>. It increased with age, and
was related to nephropathy and a worse glycemic
control. Finally, in a prospective analysis of the Pitts-
burgh Epidemiology of Diabetes Complications cohort,
the prevalence of MS was 21% and MS was a predictor
of major complications®16.
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The aims of this study are to evaluate the association
of MS with albuminuria (ALB) and glomerular filtra-
tion rate (GFR), as well as to estimate the prevalence
of MS in a group of Mexican patients with T1IDM.

MATERIALS AND METHODS
Study description

A cross-sectional study was conducted at the Diabe-
tes Intensive Control Clinic of the Instituto Nacional
de Ciencias Medicas y Nutricion Salvador Zubiran in
Mexico City. Patients were recruited from January to
August 2013, if they met the following inclusion cri-
teria: T1DM with positive  cell antibodies, = 10 years
of evolution, and > 18 years of age. Exclusion criteria
were nephropathy secondary to rheumatologic dis-
eases, and patients taking nephrotoxic medications
on a long-term basis. Patients were not included in the
study if their data was incomplete. Figure 1 shows the
flow diagram of the patient selection process.

In all patients, height, weight, systolic blood pressure
(SBP), and diastolic blood pressure (DBP) were mea-
sured; laboratory analyses included glucose, creati-
nine, glycated hemoglobin (HbA1c), total cholesterol,
triglycerides, low-density lipoprotein (LDL)-cholesterol,
high-density lipoprotein (HDL)-cholesterol, aspartate
aminotransferase (AST), alanine aminotransferase
(ALT), and uric acid. Albuminuria (ALB) was measured
using a 24-hour urine collection. The basal insulin dose,
which is defined as the amount of constant long-acting
insulin that is needed to maintain stable blood glucose
levels in between meals and overnight, was also record-
ed. Body mass index was calculated as the weight in
kilograms divided by height in meters squared (kg/m?2).
The Chronic Kidney Disease Epidemiology Collabora-
tion (CKD-EPI) formulal” was used to estimate GFR.

Identification of metabolic syndrome

Individuals were divided into two groups, with and
without MS. The Adult Treatment Panel Ill (ATP III)
criteria were used!® to define MS. Body mass index was
used as a surrogate of waist circumference, which has
been previously validated!®1°. Considering that all pa-
tients had one MS criteria due to the presence of
T1DM, MS was defined by the presence of at least two
of the following additional criteria: hypertriglyceridemia
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Figure 1. Flow diagram of the patient selection process.
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> 150 mg/dl or use of medications, HDL-cholesterol
< 40 mg/dl in men or < 50 mg/dl in women, SBP >
130 and/or DBP = 85 mmHg or use of anti-hyperten-
sive medications, or BMI > 30 kg/m?2.

Diabetic nephropathy

The Kidney Disease Improving Global Outcomes (KDI-
GO) guidelines define chronic kidney disease as abnor-
malities of the kidney structure or function that have
been present for 43 months and that have health im-
plications2°. Chronic kidney disease is classified accord-
ing to the GFR in the following categories: G1, normal
or high GFR (= 90 ml/min); G2, mildly decreased (60-
89 ml/min); G3, mildly to moderately decreased (45-
59 ml/min); G3b, moderately to severely decreased
(30-44 ml/min); G4, severely decreased (15-29 ml/
min); and G5, < 15 ml/min. It also includes a classifi-
cation for albuminuria in the following categories: A1,
normal to mildly increased (< 30 mg/g); A2, moder-
ately increased (30-300 mg/g); and A3, severely in-
creased (> 300 mg/g).

Statistical analysis

Normally distributed data, evaluated using Shapiro-
Wilk’s test, are expressed as means and standard
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deviation (SD), whereas variables with a non-normal
distribution are reported as medians and interquartile
range (IQR). Chi Square, Student’s t, or Mann-Whit-
ney U tests were used to compare the groups. Non-
normal distributed variables were log transformed to
approximate normality before the subsequent analy-
ses. One-way ANOVA was used to compare ALB and
GFR in the population according to the MS criteria num-
ber. Univariate correlations were estimated with Pear-
son coefficients, and a linear regression analysis was
performed to determine the independent variables
associated with GFR. This model included as indepen-
dent variables age, time from diagnosis, SBP, triglyc-
erides, HDL-cholesterol, and treatment with angioten-
sin receptor blockers (ARB) or angiotensin converting
enzyme (ACE) inhibitors. Analyses were performed
using the SPSS Statistics 19.0 software package (SPSS,
Chicago, IL). A p value < 0.05 was considered statisti-
cally significant.

RESULTS

A total of 81 subjects with TIDM were studied. The
mean age was 36.6 + 11.3 years, 46% were women,
diagnosis of TIDM was made 19.7 * 8.4 years ago,
BMI 24 = 2.8 kg/m?, and HbAlc 8.1 + 1.6%. The
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Table 1. Characteristics of the study population according to the presence of metabolic syndrome

Without metabolic syndrome With metabolic syndrome p
(h = 66) (n=15)
Men/women, number (%) 29 (44)/37 (56) 6 (40)/9 (60) 0.32
Age, years 36.5+12.1 36.5+7.6 0.72
Time from diagnosis, years 19.7 £ 8.7 19.8 £7.7 0.87
Glucose, mg/dl 158.3 £ 84.6 188.0 £ 93.5 0.23
Creatinine, mg/dl 0.93+£0.72 0.98 £ 0.26 0.25
Uric acid, mg/dI 5627 52+£22 0.52
ALT, U/I 20.1£123 259 £123 0.05
AST, U/I 21.1+13.5 232 £5.6 0.22
HbAlc, % 8016 8.8+ 1.8 0.06
LDL-cholesterol, mg/dl 96.2 + 25.8 90.6 + 30.4 0.43

Variables expressed as mean + standard deviation, median (interquartile range), or n (%). ALT: alanine aminotransferase; AST: aspartate
aminotransferase; HbAlc: glycated hemoglobin; LDL: low-density lipoprotein.

Table 2. Metabolic syndrome components in the study population

Without metabolic syndrome With metabolic syndrome p
(n = 66) (n=15)
BMI, kg/m? 23.7 £ 26 253 +33 0.05
SBP, mmHg 1129 £ 129 122 £ 142 0.02
DBP, mmHg 715+ 8.5 76.6 £12.9 0.10
Triglycerides, mg/dl 74 (62-106) 162 (139-191) < 0.001
HDL-cholesterol, mg/dl 552 +116 412 + 6.8 < 0.001

Variables expressed as mean * standard deviation or median (interquartile range).
BMI: body mass index; SBP: systolic blood pressure; DBP: diastolic blood pressure; HDL: high-density lipoprotein.

overall prevalence of MS in the studied population was
18.5% (n = 15).

Table 1 shows the characteristics of the study popula-
tion with and without MS. The groups had no differ-
ence in age (p = 0.72) or duration of TIDM (p = 0.87).
The individual elements of MS in the study population
are shown in table 2. The BMI (p = 0.05), SBP (p = 0.02),
ALT (p = 0.05), and triglycerides (p < 0.001) were
greater in the group with MS, and HDL-cholesterol
(p < 0.001) was lower, as expected.

A larger percentage of individuals in the group with
MS received antihyperlipidemic agents, ARBs or ACE
inhibitors, and acetylsalicylic acid (ASA). The use of
metformin and basal insulin dose were similar in both
groups. The overall adherence to treatment, reported
by the participants, was > 80%. These data are shown
in table 3.
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Metabolic syndrome, albuminuria, and
glomerular filtration rate

Albuminuria was higher in subjects with MS compared
to those without MS (34.9 [8.3-169.3] vs. 9.0 [5.0-
27.01 mg/24 hour; p = 0.01) (Fig. 2). In addition, GFR
was significantly lower in the group with MS (95.3
[64.9-107.2]vs.110.2 [88.1-120.3] mI/min; p = 0.04)
(Fig. 3). When stratifying the population by the num-
ber of MS criteria present, a progressive increase in
ALB and a progressive decrease in GFR were found
with the addition of each MS criterion (p = 0.008 and
p = 0.032, respectively).

When categorizing GFR and albuminuria according to
the KDIGO classification, a higher number of patients
with MS were in stages A2 and A3 for albuminuria
compared with the group without MS (53.4 vs. 23.8%,
respectively; p = 0.016). No difference was observed
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Table 3. Treatment received by the study population

Without metabolic syndrome With metabolic syndrome p
(h = 66) (n=15)
Antihyperlipidemic drugs, n (%) 26 (40) 10 (66.7) 0.057
ARB or ACE inhibitors, n (%) 21 (32.3) 9 (60) 0.046
ASA, n (%) 12 (18.5) 6 (40) 0.077
Basal insulin dose, U/kg 0.42 +0.19 0.50 £ 0.19 0.19
Metformin use, number (%) 30 (46.9) 7 (46.7) 0.60

Variables expressed as n (%) or mean + standard deviation.

ARB: angiotensin receptor blocker; ACE: angiotensin converting enzyme; ASA: acetylsalicylic acid.

when establishing the GFR stage in patients with and
without MS (p = 0.306). However, the majority (73.4%)
of the individuals without MS were in stage G1 and a
significant proportion (40%) of individuals with MS
were in categories G2 and G3.

Independent contribution of metabolic
syndrome to glomerular filtration rate

In the univariate analyses, a significant correlation
between GFR and the following parameters was found:
age (r = —0.389), time from diagnosis (r = —0.383),
SBP (r = —0.243), triglycerides (r = -0.237), and HDL-
cholesterol (r = —0.220). These factors, in addition to
the treatment with ARBs or ACE inhibitors, were in-
cluded as independent variables in the multiple linear
regression model. The dependent variable was GFR.
Age, time of diagnosis, triglycerides, and HDL-choles-
terol remained significantly related to GFR (R?2=0.286;
p < 0.001).

In contrast, in univariate analyses, albuminuria was
only associated with glycated hemoglobin concentra-
tion (r = 0.315). Therefore, a multiple lineal regres-
sion model could not be performed.

DISCUSSION

This study demonstrated that the presence of MS in
individuals with T1DM is related to a higher ALB and
lower GFR. A progressive increase in ALB and a de-
crease in GFR could be observed when MS criteria
were added. Furthermore, the individual MS elements
had a significant and independent association with
GFR. The prevalence of MS in this population of T1IDM
patients was 18.5%.
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The relationship between MS and the risk of chronic
kidney disease and/or ALB has been previously de-
scribed?!. In a study performed in Australia, individuals
with T1DM and MS required significantly higher insulin
doses, had longer duration of diabetes, and had more
macrovascular and microvascular complications?2. Sim-
ilarly, the FinnDiane study found that MS in patients
with T1DM was related to a worse glycemic control
and diabetic nephropathy?®. In the Pittsburgh Epide-
miology of Diabetes Complications Study, MS pre-
dicted major complications in T1DM?, Finally, in the
Metascreen survey, MS was an independent indicator
of the presence of nephropathy in T1IDM?23. Our study
provides confirmatory data in a Mexican population
with T1DM. In contrast, in a subsequent analysis of
the DCCT study, the presence of MS was a poor pre-
dictor of macro and microvascular complications. Like-
wise, the Fremantle Diabetes Study concluded that
the presence of MS has a limited prognostic value for
cardiovascular death in patients with T1IDM13,

The effect of the addition of MS elements on ALB
levels may be explained by the interrelationship of
these elements linked by a common factor that is in-
sulin resistance?“. In previous studies, including the
DCCT, higher insulin resistance at baseline was related
to increased subsequent risk of both micro- and mac-
rovascular complications'425. The DCCT has proven
that intensive glycemic control in patients with T1DM
is strongly related to significant clinical benefits!2.
The adverse effects of trying to achieve a better gly-
cemic control by increasing insulin doses include a
greater risk of hypoglycemia, development of obesity,
and MS. However, the benefits of improved glycemic
control appear to outweigh the risks related to the
development of the MS®. In fact, in the DCCT study,
even though the intensive treatment was related to a
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Figure 2. Box plot graph showing albuminuria according to
the presence of metabolic syndrome, p = 0.02.
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higher subsequent prevalence of MS, subjects with MS
appeared to have a better glycemic control*4. In this
study, individuals with MS had a worse glycemic con-
trol. Differences in the amount of basal insulin used
between the groups were not found. A high proportion
of patients were taking metformin as an adjunct ther-
apy to reduce insulin requirements and weight gain2e.
However, the proportion of patients using metformin
in the groups with and without MS was similar.

The prevalence of MS found in this study is lower com-
pared to previous reports, including the DCCT (22%)
and FinnDiane (39%) studies. An important factor to
take into consideration is that the individuals included
in this report were selected from the Diabetes Inten-
sive Control Clinic, which is composed of patients who
attend the clinic at least once a month, perform daily
self-monitoring of glucose, and have a good adherence
to treatment. In addition, the population in this clinic
is young. These factors may have decreased the pre-
valence of MS and diabetes complications in this study.

Limitations of this report include the small and highly
selected sample. As mentioned before, insulin resistance
may have an independent relationship with diabetic ne-
phropathy, and quantification could not be done. In ad-
dition, glomerular filtration rate was not estimated by
measuring creatinine in a 24-hour urine collection. How-
ever, the CKD-EPI equation that has been previously
validated!” was used. Due to the cross-sectional
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Figure 3. Box plot graph showing glomerular filtration rate
estimated by the Chronic Kidney Disease Epidemiology
Collaboration equation according to the presence of meta-
bolic syndrome, p = 0.04.
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design, we did not analyze the changes of variables
associated with the development of nephropathy such
as glycated hemoglobin, weight, hypertension, and
dyslipidemia, among others. Finally, causality between
the MS and diabetic nephropathy cannot be estab-
lished. Nevertheless, a slower renal function decline in
T2DM patients when the elements of MS were ade-
quately treated has been previously described?’.

In conclusion, the presence of MS is related to ALB and
GFR in individuals with T1DM. A higher ALB level and
lower GFR in individuals with MS was found, and there
was a significant deterioration of both parameters
when elements of MS were added.
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