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Abstract

AIM: To determine the relationship between parity,
glycemic control, cardiovascular risk factors and diabetes-
related chronic complications in women with type 1
diabetes.

METHODS: This was a multicenter cross-sectional study
conducted between December 2008 and December 2010 in
28 public clinics in 20 cities from the 4 Brazilian geographic
regions. Data were obtained from 1532 female patients,
59.2% Caucasians, and aged 25.2 = 10.6 years. Diabetes
duration was of 11.5 + 8.2 years. Patient’s information was
obtained through a questionnaire and a chart review.
Parity was stratified in five groups: Group 0 (nulliparous),
group 1 (1 pregnancy), group 2 (2 pregnancies), group
3 (3 pregnancies), group 4 (= 4 pregnancies). Test for
trend and multivariate random intercept logistic and linear
regression models were used to evaluate the effect of
parity upon glycemic control, cardiovascular risk factors
and diabetes-related complications.

RESULTS: Parity was not related with glycemic control
and nephropathy. Moreover, the effect of parity upon
hypertension, retinopathy and macrovascular disease
did not persist after adjustments for demographic and
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clinical variables in multivariate analysis. For retinopathy,
the duration of diabetes and hypertension were the most
important independent variables and for macrovascular
disease, these variables were age and hypertension.
Overweight or obesity was noted in a total of 538 patients
(35.1%). A linear association was found between the
frequency of overweight or obesity and parity (P = 0.004).
Using a random intercept multivariate linear regression
model with body mass index (BMI) as dependent variable
a borderline effect for parity (P = 0.06) was noted
after adjustment for clinical and demographic data.
The observed variability of BMI was not attributable to
differences between centers.

CONCLUSION: Our results suggest that parity has a
borderline effect on body mass index but does not have
an important effect upon hypertension and micro or
macrovascular chronic complications. Future prospective
evaluations must be conducted to clarify the relationship
between parity, appearance or worsening of diabetes-
related chronic complications.

Key words: Type 1 diabetes; Parity; Glycemic control;
Cardiovascular risk factors; Diabetes-related chronic
complications
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Core tip: To the best of our knowledge, this was the largest
study ever conducted with pregnant women with type 1
diabetes in Brazil and maybe in Latin America. Our results
suggest that parity did not have an important effect upon
hypertension and micro or macrovascular diabetes-related
chronic complications. Further prospective studies with a
larger number of patients must be addressed to clarify the
relationship between parity, appearance or worsening of
diabetes-related chronic complications.
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INTRODUCTION

There is a controversy about the impact of pregnancy
and parity on the appearance of diabetes-related chronic
complications or the progression of its course if they
are already present in women with preexisting type 1
diabetes (T1D)"2.

Some studies found a worsening of retinopathy during
pregnancy®>!, which was not confirmed by others!>**®,
The worsening of retinopathy could be explained by several
risk factors such as pregnancy per se, hypertension,
hyperglycemia, duration of diabetes and a rapid drop in
blood glucose levels aiming to reach normoglycemia™.
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Also the presence of increased circulating levels of
insulin-like growth factor (IGF-1) that occurs normally
during pregnancy could accelerate the progression of an
already existing retinopathy”’. The association between
pregnancy and nephropathy is related to an increased
albuminuria or alterations on glomerular filtration rate®.,
So far, the mechanisms linking pregnancy to both chronic
complications are still unclear and controversial. Some
studies showed an association between improvement
of glycemic control under intensive insulin therapy and
worsening of retinopathy but not nephropathy™?.

Other conditions involved in the pathophysiology of
diabetes-related chronic complications must be addressed
such as pre-pregnancy body mass index (BMI) and blood
pressure levels, which have been increasing in the last
three decades in some populations!'®. In a Swedish study,
it was found that the combination of T1D and overweight/
obesity confers a high risk for adverse outcomes, like
pre-eclampsia, that increases proportionally to BMIM*Y,
Otherwise, when women with T1D presenting the features
of metabolic syndrome become pregnant, they generally
have the coexistence of vascular complications!*?. It has
also been shown that women with T1D and pre-eclampsia
or pregnancy-induced hypertension present high risk of
severe retinopathy later in life™.

In the Eurodiab study a better glycemic control was
found among parous women than nulliparous, and
parity did not influence the levels of microalbuminuria
and preexisting retinopathy"*.. In a Finnish study it was
found a slower progression of retinopathy in parous
women than in nulliparous™’.

Considering the scarcity of data regarding the
relationship between parity, glycemic control and diabetes-
related chronic complications in women with T1D in Brazil,
the Brazilian Type 1 Diabetes Study Group (BrazDiab1SG)
conducted this survey aiming to analyze the impact of
parity in the above mentioned clinical conditions.

MATERIALS AND METHODS

Patients and methods
This was a multicenter, cross-sectional, observational
study conducted between December 2008 and December
2010 in 28 public secondary and tertiary care-level
clinics from the National Brazilian Health Care System,
located in 20 cities in all Brazilian geographic regions
(North/Northeast, Mid-West, Southeast, and South).
The details of the data collection methods have been
published previously!'®.. Two thousand and ten patients,
56% female (2010, 56% female) patients that were
diagnosed between 1960 and 2010 were included in the
study. Among the 2010 enrolled women, only those who
knew their age at menarche were included (n = 1532,
76.2%). Patients who did not have had menarche (n =
467, 23.2%) and women with incomplete information for
parity (n = 11, 0.5%) were excluded.

Each local ethics committees approved the study
(Appendix 1). All patients or their parents, when
necessary, signed a written informed consent agreeing
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with their participation in the study.

During a dlinical visit, a questionnaire was applied in
order to collect demographic, educational and economic
data. The following variables were assessed then: Age, age
at diagnosis, duration of diabetes, height (m), weight (kg),
blood pressure, parity, comorbidities, smoking status and
the use of metformin.

Data from the last clinical visit were obtained from
medical records such as levels of glycated hemoglobin
(HbA1c), fasting plasma glucose (FPG), total cholesterol,
low-density lipoprotein (LDL) cholesterol, high-density
lipoprotein (HDL) cholesterol, and triglycerides. Diabetes-
related chronic complications were screened in all
patients with diabetes duration longer than 5 years, such
as retinopathy (by fundoscopy; classified as absent,
non-proliferative or proliferative), clinical nephropathy
[according to American Diabetes Association (ADA)]
recommendations™”!, macrovascular diseases (clinical
coronary artery disease, stroke, and peripheral vascular
disease), and foot alterations. The following goals for
adequate metabolic control that are adopted by the ADA™”
were also adopted by the BrazDiab1SG: HbAlc at goal
was defined as HbA1c levels of < 58 mmol/mol (7.5%)
for patients with T1D between 13 and 19 years old; < 64
mmol/mol (8%) for patients between 6 and 12 years old;
between 58 mmol/mol (7.5%) and 69 mmol/mol (8.5%)
for patients < 6 years old; and < 53 mmol/mol (7%) for
adult patients™”. Poor glycemic control was considered as
having HbA1c levels higher than 75 mmol/mol (9%).

Hypertension was defined as a systolic blood pressure
(sBP) = 140 mmHg and/or diastolic blood pressure
(dBP) = 90 mmHg, use of antihypertensive agents or
self-reported for adults; in adolescents hypertension was
defined as a sBP or dBP = 95™ percentile for age, sex and
height!'”,

Overweight was defined as a BMI = 25 kg/m? and
obesity as a BMI = 30 kg/m? in adults™®. Overweight
was considered as a BMI of = 85" percentile for age and
gender, and obesity as a BMI of = 95" percentile for age
and gender for adolescents™,

In 1347 patients (88.0%), HbAlc was measured
using methods certified by the National Glycohemoglobin
Standardization Program (NGSP): High-performance
liquid chromatography in 733 patients (54.3%) and
turbidimetry in 614 patients (45.7%). Measurement of
HbA1c levels using methods that were not certified by
the NGSP and patients with no data on HbAlc levels or
use of methodology not certified by the NGSP were not
included in the analyses of glycemic control (n = 185,
12.0%). Enzymatic techniques were used to measure
FPG, triglycerides, HDL cholesterol, and total cholesterol.
Friedewald’s equation was used to calculate LDL chol-
esterol™?), Patients smoking more than one cigarette per
day at the time of the interview were considered as current
smokers.
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Sample calculation and economic status

The study sample calculation was done according to
a methodology described elsewhere!*®. Our sample
represented the distribution of T1D cases all over Brazil
that was estimated using the overall population distribution
reported in the 2000 Brazilian Institute of Geography and
Statistics Population Census (IBGE)”. These data were
combined with national estimates of diabetes prevalence
determined by a survey conducted in 1988 in order to
determine the minimum number of patients that should
be studied in each geographic region of the country®".,
Economic status was defined according to the Brazilian
Economic Classification Criteria'®”. This classification also
takes in account the education level: Illiterate/incomplete
primary education, complete primary education/
incomplete secondary education, complete secondary
education/incomplete high school, complete high school/
some college or college graduate. The following economic
status categories were considered: High, middle, low, and
very low”?,

Statistical analysis

The data were summarized as means (x SD) and
median (minimum-maximum) for continuous variables
and as counts (relative frequencies) for discrete variables.
Patients were stratified in five groups according to parity:
Group 0 (nulliparous), group 1 (1 pregnancy), group 2 (2
pregnancies), group 3 (3 pregnancies) and group 4 (= 4
pregnancies).

ANOVA test with Sidak correction was used. Test
for trend (linear association) was used to analyze the
association between parity and frequency of retinopathy,
albuminuria and hypertension. A multivariate random
intercept logistic regression model was performed with
retinopathy (yes/no) as the dependent (outcome) variable
and parity as the independent (exposure) variable.
Other independent variables, such as socioeconomic
status, ethnicity (Caucasian or non-Caucasian based on
self-reporting), age, duration of diabetes, HbA1c levels
and hypertension (yes/no) were also controlled in the
analysis. The same multivariate model was performed
with the following dependent variables: Hypertension
(yes/no), adding to the set of independent variables,
creatinine levels, BMI and smoking status and excluding
hypertension; macrovascular disease with the same
demographic variables above-mentioned as independent
variables adding to the model: Hypertension (yes/no),
HbA1lc and LDL-Cholesterol levels and smoking status
(yes/no). A random intercept multivariate linear regression
model was further applied to BMI as dependent variable
(three nested models were considered). All analyses
were performed using the SPSS version 17.0, SPSS,
Inc., Chicago, Illinois, United States, except the random
intercept models that were fitted using MLwWiN"*®". Odds
ratios (ORs) with 95%CIs, variance and standard error
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Table 1 Clinical and demographic data of the studied population

Variable
n 1532
Age, yr 252+10.6
Age at diabetes diagnosis, yr 114 +8.1
Age at menarche, yr 127+1.7
Duration of diabetes, yr 11.5+82
Ethnicity, n (%)"
Caucasian 907 (59.2)
Non-caucasian' 625 (40.7)
Geographic region, n (%)
Southeast 611 (39.9)
North/Northeast 454 (29.6)
South 367 (24.0)
Mid-west 100 (6.5)
Economic status
High 104 (6.7)
Medium 383 (25.0)
Low 533 (34.8)
Very low 512 (33.4)
Level of care, n (%)
Secondary 412 (26.9)
Tertiary 1117 (73.1)

Time of follow-up, yr 7.1 (<1 to 49)

Data are presented as number (percentage), mean + SD or median (minimum/
maximum). ! African-Brazilians, Mulattos, Asians, and Native Indians.

were calculated when indicated. A two-sided P value less
than 0.05 was considered significant.

The statistical review of the study was performed by
a biomedical statistician that is also a co-author (APL).

RESULTS

Overview of the studied population

Data were obtained from 1532 patients (excluded n =
478, 23.7%). The economic status of 1045 (68.2%) of
the patients was either very low or low. Table 1 lists the
demographic data of the studied population.

Overview of the studied population stratified according

to parity, demographics and socioeconomic status data

The comparison between the patients stratified according
to parity showed that patients from groups 0, 1 and 2
were younger than patients from group 4 (P < 0.001).
Patients from groups 0 and 1 had been diagnosed with
diabetes with lower age and had less duration of diabetes
than patients from the other groups (P < 0.001). A
difference between the five groups and geographic
regions of the country was observed, being the difference
accounted by Mid-West region, that had no patients in
group four. These data are described in Table 2.

Overview of the studied population stratified according
to parity, glycemic and cardiovascular risk factors
control

Overweight or obesity was noted in 538 patients (35.1%).
Patients from group 0 had lower BMI than patients from
the other groups. A linear association was found between
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the frequency of overweight or obesity and parity (P
= 0.004). Using a random intercept multivariate linear
regression model with BMI as dependent variable a
borderline effect for parity (P = 0.06) was noted after
adjustment for clinical and demographic data (model 2
and model 3). The significant effect of low insulin dose
and age persisted. The observed variability of BMI was
not attributable to centers. These data are described in
Table 3.

A lower level of HbAlc was found in patients from
group 2 in comparison to patients from group 0. No
differences between the five groups were observed for
the number of patients reaching the target of HbAlc. A
higher frequency of hypertension and higher levels of
sBP and dBP were observed in group 4 in comparison to
the other groups (P < 0.01 for all comparisons).

A higher HDL-cholesterol was observed in group 4 in
comparison to the other groups. No other difference in
lipid parameters was noted. Metformin was used by 162
(10.6 %) patients, and its use was related to parity (P =
0.02). The use of metformin was more frequently found
in patients from group 4 in comparison with patients from
groups 0, 1 and 3, respectively 9 (17.3%) vs 103 (10.2%)
vs 20 (8.4) vs 7 (7.4), P = 0.04. A higher insulin dose/
kg was used by patients from group 0 in comparison
to patients from the other groups. The demographic,
clinical, and laboratory data of patients stratified by parity
are described in Table 2.

Overview of the studied population stratified according
to parity and diabetes-related chronic complications
Overall, 1219 (79.7%) of the patients had criteria to be
screened for diabetes-related chronic complications. Parity
was related to the presence of diabetes-related chronic
complications both micro and macrovascular. Considering
women with information regarding retinopathy, (n =
1033, 84.7%) a lower frequency of non-proliferative
and proliferative retinopathy was noted in patients
from group 0 in comparison to the other groups (P <
0.01). A tendency for an association between parity and
nephropathy was observed (P = 0.08) in those patients
with information obtained in the previous year (n = 1041,
85.4%). These data are shown in Table 2.

Using a multivariate random intercept logistic
regression model with retinopathy as the dependent
variable no effect of parity was noted but the OR for
duration of diabetes and presence of hypertension
were 1.11 (95%CI: 1.08-1.14, P < 0.001) and 3.51
(95%CI: 2.42-5.08, P < 0.001), respectively. The other
independent variables did not reach statistical significance.
The same model with macrovascular disease as depe-
ndent variable also showed no effect of parity but the OR
for age was 1.067 (95%CI: 1.03-1.106, P < 0.0001),
while for HbA1c levels it was 1.166 (95%CI: 1.023-1.330,
P < 0.02) and for hypertension it was 2.29 (95%CI:
1.219-4.306, P < 0.02). The other independent variables
did not reach statistical significance.

In multivariate random intercept logistic regression
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Table 2 Clinical, demographic and laboratory data stratified by parity

Variable Parity
Group O Group 1 Group 2 Group 3 Group 4 'P-value
(nulliparous) (1 pregnancy) (2 pregnancies) (3 pregnancies) (= 4 pregnancies)
n (%) 1014 (66.2) 238 (15.5) 147 (9.6) 81 (5.3) 52 (3.4)
Demographic and economic status data
Age, yr 20.7+79 30.2+85 346+8.6 384+9.6 42.3 £10.7 < 0.001
<15 191 (18.7) 1(0.4) 0 0 0
15-30 706 (69.6) 117 (49.2) 42 (28.6) 12 (14.8) 6 (11.5)
=30 117 (11.5) 120 (50.4) 105 (71.4) 69 (85.2) 46 (88.5)
Duration of DM, yr 94+69 13.9+82 153 +£8.9 179+89 19.0+£10.7 < 0.001
Age at diagnosis, yr 112+ 64 162+ 84 19.2+8.1 20.5+9.3 233+88 <0.001
Ethnicity, yr (%) =* 0.7
Caucasian 606 (59.8) 144 (60.5) 83 (56.5) 47 (58.0) 27 (51.9)
Non-caucasian 408 (40.2) 94 (39.5) 64 (43.5) 34 (42.0) 25 (48.1)
Geographic region, n 0.001
Southeast 410 (40.4) 94 (39.5) 54 (36.7) 31 (38.3) 22 (42.3)
South 248 (24.5) 53 (22.3) 36 (24.5) 18 (22.2) 12 (23.1)
North/Northeast 309 (30.5) 69 (29.0) 39 (26.5) 19 (23.5) 18 (34.6)
Mid-West 47 (4.6) 22 (9.2) 18 (12.2) 13 (16.0) 0
Economic status (%) 0.5
High 72 (7.1) 16 (6.7) 8 (54) 5(6.2) 3(5.8)
Medium 273 (26.9) 56 (23.5) 29 (19.7) 18 (22.2) 7 (13.5)
Low 340 (33.5) 85 (35.7) 55 (37.4) 33 (40.7) 20 (38.5)
Very low 329 (32.4) 81 (34.0) 55 (37.4) 25 (30.9) 22 (42.3)
Glycemic control and insulin dose
HbA1c (%) 9.6+2.6 94+24 8.8+2.0 94+24 95+£2.0 0.02
HbA1lc (mmol/mol) 81.9+284 799 +26.3 734222 79.5+26.8 80.4+21.7
HbA1lc (good) 1 (%) 107 (11.9) 21 (10.3) 19 (14.6) 8 (11.3) 3 (6.5) 0.1
H1Ac (poor) 1 (%) 480 (53.5) 99 (48.8) 51 (39.2) 37 (52.1) 27 (58.7)
Insulin dose (U/kg per day) 0.98 +0.4 08+0.3 0.8+0.3 0.7+04 08+04 0.001
Metformin use, yr (%) 103 (10.2) 20 (8.4) 24 (16.3) 6 (7.4) 9 (17.3) 0.04
Cardiovascular risk factors
sBP (mmHg) 110.8 +14.6 117.5+15.7 119.6 £18.7 119.8 +18.9 124.0+214 <0.001
dBP (mmHg) 723+10.1 752+11.3 749 +11.5 759 +11.5 75.9 +10.2 <0.001
Hypertension, yr (%) 158 (16.6) 76 (32.2) 53 (36.3) 29 (35.8) 25 (48.1) <0.001
Cholesterol (mg/dL) 176.9 +43.7 186.4 +43.4 181.3 £41.6 182.3 £42.0 183.5 £ 44.5 0.055
Triglycerides (mg/dL) 98.7.4+75.0 102.0 £ 61.1 103.2 + 64.4 116.2 £110.6 105.8 £94.9 0.3
HDL cholesterol (mg/dL) 54.1+144 58.3+18.4 55.2+1538 55.3+153 615+17.4 0.01
Non-LDL cholesterol (mg/dL) 122.5+42.6 128.2+39.9 126.0 £41.0 1249 +41.2 122.8 +43.4 0.5
LDL cholesterol 103.8 +34.7 107.6 +35.5 105.5 £ 36.5 103.1 +£31.2 103.3 £37.6 0.7
BMI (kg/m’) 228+34 239+38 243+35 244+51 255+ 4.6 < 0.001
Overweight or obesity, 1 (%)' 338 (33.5) 153 (35.2) 56 (38.1) 36 (44.4) 25 (49.0) 0.004
*Retinopathy, yr (%) <0.001
Absent 649 (86.9) 154 (73.3) 104 (77) 60 (76.5) 32 (65.3)
Non-proliferative 50 (6.7) 36 (17.1) 15 (11.1) 11 (14.1) 10 (20.4)
Proliferative 48 (6.4) 20 (9.5) 16 (11.9) 7 (9.0) 7 (14 3)
*Nephropathy, yr (%) 0.08
Absent 527 (70.7) 128 (60.7) 91 (67.4) 49 (62.8) 30 (61.2)
Microalbuminuria 90 (12.1) 43 (20.4) 17 (12.6) 12 (18.8) 8 (28.0)
Clinical nephropathy 23 (3.1) 9(4.3) 8(5.9) 3(4.7) 2(5.0)
°Macrovascular complications, yes (%)’ 23 (3.1) 16 (7.6) 13 (9.6) 5(6.4) 7 (14.3) <0.001

The data are presented as 1 (%) mean + SD or median (minimum/maximum). ‘The P value is related to the comparison among all groups (ANOVA);

*African-Brazilians, Mulattos, Asians, Native Indians; **°Retinopathy, nephropathy and macrovascular complications were considered in patients with
criterion to be screened (duration of diabetes = 5 years, n = 1219); ‘Overweight or obesity were considered together. HbAlc: Glycated hemoglobin; LDL:

Low-density lipoprotein; HDL: High-density lipoprotein; BMI: Body mass index.

model with hypertension as the dependent variable the
OR for age was 1.041 (95%CI: 1.021-1.061, P < 0.001)
for duration of diabetes was 1.031 (95%CI: 1.012-1.056,
P < 0.005), for BMI was 1.069 (95%CI: 1.029-1.110, P =
0.005), and for plasma creatinine level was 2.280 (95%CI:
1.722-3.017, P < 0.001). The other independent variables
did not reach statistical significance.

A small variability attributable to centers was noted only
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for macrovascular disease with a variance and standard
error of 0.376 (0.276).

DISCUSSION

Our study showed an association between parity with
retinopathy, macrovascular disease and hypertension
that disappeared after adjustment for variables that
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Table 3 Effect of parity on body mass index evaluated by random intercept multivariate linear regression and adjusted for clinical

and demographic data

Variable Model 1 Model 2 Model 3 P value
Parity
Nulliparous (reference)
1 0.400 (0.278) 0.291 (0.276) 0.291 (0.277) NS
2 0.366 (0.350) 0.320 (0.347) 0.326 (0.350) NS
3 0.171 (0.456) 0.119 (0.453) 0.111 (0.454) NS
=4 1.013 (0.563) 1.029 (0.558) 1.051 (0.560) 0.06
Age 0.081 (0.014) 0.069 (0.014) 0.069 (0.014) NS
Duration of diabetes (yr) 0.007 (0.015) 0.011 (0.015) 0.013 (0.015) NS
Insulin dose (U/kg per day) -1.237 (0.253) -1.239 (0.254) (< 0.001)
Metformin use (yr) -0.960 (0.678) -0.994(0.679) NS
Economic status (classes) NS
High (reference)
Medium 0.677 (0.392)
Low 0.551 (0.386)
Very low 0.353 (0.397)
Ethnicity (non-caucasian) -0.028 (0.201) NS
Intercept 23.233 (0.166) 23.281 (0.171) 23.814 (0.377)
Variability attributable to centers
Variance 0.296 (0.148) 0.340 (0.161) 0.321 (0.155)
Variability attributable to patients
Variance 12.475 (0.456) 12.251 (0.448) 12.226 (0.447)
-2 x loglik 8.192.640 8167.357 8.163.366

Data are presented as B coefficient or variance (standard error); continuous independent variables are centered on the mean. Model 1: Adjusted for age

and duration of diabetes; Model 2: Adjusted for age, duration of diabetes, insulin dose and metformin use; Model 3: Adjusted for age, duration of diabetes,

insulin dose, metformin use, economic status and ethnicity. NS: Not significant.

could influence these outcomes, such as age, duration of
diabetes, plasma creatinine levels, HbA1lc, daily insulin
dose and use of metformin. However a borderline effect
of parity upon BMI was observed.

The impact of pregnancy and parity on the appearance
of diabetes-related chronic complications or the pro-
gression of its course is still a matter of controversy'.
Some studies have found no difference in the prevalence
of diabetes-related chronic complications between
nulliparous and parous women®*, less progression of
retinopathy in multiparous than in nulliparous women'™’
and even a limitations of the progression of nephropathy
and retinopathy probably due to a better glycemic
control found in parous women compared to nulliparous
woment*¥,

An unexpected finding was that a lower daily insulin
dose was associated with a higher BMI. The use of
metformin had no effect on BMI probably because the
majority of women with increased BMI were under the
use of metformin; the use of metformin in patients
with T1D has not its clear benefits well established
but a decrease in insulin daily dose has generally been
described™’.

Nevertheless, it is important to emphasize that the
absence of data on body weight before each pregnancy
and consequently the weight gain during each pregnancy
does not allow us to take any conclusions about this
relationship. However, recently a study®®® has shown
that around 20% of T1D patients have been diagnosed
with overweight/obesity. Although weight before the
diagnosis of diabetes was not recorded in our sample,
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more than one-third of the nulliparous women had
overweight or obesity. Overweight and obesity are
related to insulin resistance which is strongly associated
with cardiovascular disease™’. We have found no effect
of parity on cardiovascular disease in our study.
Considering microvascular complications, retinopathy
was the most prevalent diabetes-related chronic
complication associated with parity but after adjustments
for other clinical and demographic variables this
association did not show to be significant. Indeed, the
most significant variables related to retinopathy were
duration of diabetes and the presence of hypertension. The
majority of the studies relating pregnancy with retinopathy
were prospective and the results were controversial™>*.
The DCCT™ and the Eurodiab™ compared women
with incident pregnancies during the study period with
women who did not conceive. The DCCT study showed a
transient worsening of retinopathy, which disappeared 12
mo post-partum and the Eurodiab study did not find any
relationship between retinopathy and pregnancy. Indeed,
in the Eurodiab study™ the duration of diabetes and the
level of HbAlc were the most important predictors of
the occurrence of retinopathy. Two other recent studies
showed that progression of sight-threatening retinopathy
during pregnancy some years post-partum was related to
duration of diabetes, to the presence of macular edema
and higher blood pressure levels during pregnancy but
not to HbA1c levels™®®, Rosenn et al*®! performed a
large retrospective study with 776 nulliparous women and
582 parous women with T1D and have found an inverse
association with parity and the presence of retinopathy.
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Considering nephropathy, our data is in accordance
with the findings of Reece et al” that conducted a study
with 31 pregnancies complicated by nephropathy and
have found a significant increase in maternal blood
pressure, proteinuria and nephrotic syndrome in 71%
of pregnancies but no adverse effects of pregnancy
on the natural course of the underlying renal disease.
Miodovnik et af**! have followed a group of 182 pregnant
women with T1D, with and without nephropathy. They
have found that pregnancy does not increase the risk of
nephropathy and does not accelerate its progression.

These studies regarding the progression of retinopathy
and nephropathy were prospective. So, our results must
then be interpreted with caution due to its cross-sectional
design, that does not allow us to deny a causal relationship
between parity and occurrence/worsening of retinopathy
and nephropathy in our population. Nevertheless, many
women had already retinopathy and nephropathy
and also important risk factors for the development or
progression of both complications such as the presence of
overweight or obesity, hypertension, as described in other
studies[8,10—13,29,30] .

We should also take in account that for hypertension
parity did not reach statistical significance in multivariate
analysis. Indeed, age, duration of diabetes BMI, ethnicity
(Caucasian) and plasma creatinine levels were the most
important factors.

The main strength of our large sample size is that it
represents the diverse, young Brazilian population with
T1D, with a multi-ethnic and different socioeconomic
backgrounds. Also a uniform, standardized recruitment
protocol in all participating centers was used.

Finally, some limitations must be addressed in our
study. The mean age of our patients is around 25 years,
which could represent a short time frame to the appearance
of diabetes-related chronic complications. Additionally, we
do not have data about how long patients had the diagnosis
of diabetes at the time of each pregnancy, occurrence of
stillbirth, prematurity, neonatal mortality and no information
concerning screening for retinopathy and nephropathy
during pregnancies.

In conclusion, our data did not find an effect of
parity upon diabetes-related chronic complications and
hypertension, but a borderline effect on BMI. These
findings should allow us not to discourage women without
severe and progressive diabetes-related complications
to become pregnant if they reach and maintain a good
glycemic control. Further prospective studies must be
addressed to clarify the mechanisms underlying the
relationship between parity, and the appearance or
worsening of diabetes comorbidities and the effect of
parity on diabetes-related chronic complications.
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COMMENTS

Background
It is generally believed that pregnancy itself or an increasing number of
pregnancies might worsen diabetes-related chronic complications.

Research frontiers
So far, the mechanisms linking pregnancy to both chronic complications are still
unclear and controversial.

Innovations and breakthroughs

For a long time women with diabetes have been discouraged to become
pregnant regarding the possibility that an already existing complication might
worsen and new complications might appear during pregnancy. This study has
shown no relationship between higher parity and the worsening or appearance
of diabetes-related chronic complications.

Applications

This study showed an association between parity with retinopathy, macrovascular
disease and hypertension that disappeared after adjustment for variables that
could influence these outcomes, such as age, duration of diabetes, plasma
creatinine levels, HbA1c, daily insulin dose and use of metformin.

Peer-review

The manuscript is well written, and the study results and evaluation means
are well defined in detail. It provides additional information on a controversial
area, while suitably mentioning the shortcomings of the study as well. It will be
of good concern to clinicians/researchers working on this subject, while further
research will still be needed for clarification of the mentioned links, as the
authors also mention.

REFERENCES

1 The Diabetes Control and Complications Trial Research
Group. Effect of pregnancy on microvascular complications in
the diabetes control and complications trial. The Diabetes Control
and Complications Trial Research Group. Diabetes Care 2000; 23:
1084-1091 [PMID: 10937502 DOI: 10.2337/diacare.23.8.1084]

2 Viaidrasmiki M, Anttila M, Pirttiaho H, Hartikainen AL. Are
recurrent pregnancies a risk in Type 1 diabetes? Acta Obstet Gynecol
Scand 2002; 81: 1110-1115 [PMID: 12519106 DOI: 10.1034/
j-1600-0412.2002.811203 .x]

3 Serup L. Influence of pregnancy on diabetic retinopathy. Acta
Endocrinol Suppl (Copenh) 1986; 277: 122-124 [PMID: 3464145
DOLI: 10.1530/acta.0.111s0122]

4 Horvat M, Maclean H, Goldberg L, Crock GW. Diabetic retinopathy
in pregnancy: a 12-year prospective survey. Br J Ophthalmol 1980;
64: 398-403 [PMID: 7387964 DOI: 10.1136/bj0.64.6.398]

5 Jovanovic-Peterson L, Peterson CM. Diabetic retinopathy. Clin
Obstet Gynecol 1991; 34: 516-525 [PMID: 1934703 DOI: 10.1097
/00003081-199134030-00005]

6 Lapolla A, Cardone C, Negrin P, Midena E, Marini S, Gardellin
C, Bruttomesso D, Fedele D. Pregnancy does not induce or worsen
retinal and peripheral nerve dysfunction in insulin-dependent
diabetic women. J Diabetes Complications 1998; 12: 74-80 [PMID:
9559484 DOLI: 10.1016/S1056-8727(97)00002-0]

7 Ringholm L, Vestgaard M, Laugesen CS, Juul A, Damm P,
Mathiesen ER. Pregnancy-induced increase in circulating IGF-I is
associated with progression of diabetic retinopathy in women with
type 1 diabetes. Growth Horm IGF Res 2011; 21: 25-30 [PMID:
21212010 DOL: 10.1016/j.ghir.2010.12.001]

8 Reece EA, Coustan DR, Hayslett JP, Holford T, Coulehan J,
O’Connor TZ, Hobbins JC. Diabetic nephropathy: pregnancy
performance and fetomaternal outcome. Am J Obstet Gynecol
1988; 159: 56-66 [PMID: 3394754 DOI: 10.1016/0002-9378(88)9
0494-2]

9 Dahl-Jergensen K, Brinchmann-Hansen O, Hanssen KF, Sandvik

June 25, 2016 | Volume 7 | Issue 12 |



12

16

JRaishideng®

L, Aagenaes O. Rapid tightening of blood glucose control leads to
transient deterioration of retinopathy in insulin dependent diabetes
mellitus: the Oslo study. Br Med J (Clin Res Ed) 1985; 290:
811-815 [PMID: 3919804 DOI: 10.1136/bmj.290.6471.811]
Klemetti MM, Teramo K, Nuutila M, Tikkanen M, Hiilesmaa
V, Laivuori H. Blood pressure levels but not hypertensive
complications have increased in Type 1 diabetes pregnancies
during 1989-2010. Diabet Med 2013; 30: 1087-1093 [PMID:
23659525 DOLI: 10.1111/dme.12224]

Persson M, Pasupathy D, Hanson U, Westgren M, Norman M.
Pre-pregnancy body mass index and the risk of adverse outcome
in type 1 diabetic pregnancies: a population-based cohort study.
BMJ Open 2012; 2: 000601 [PMID: 22334581 DOI: 10.1136/
bmjopen-2011-000601]

Wender-Ozegowska E, Zawiejska A, Michalowska-Wender
G, Iciek R, Wender M, Brazert J. Metabolic syndrome in type
1 diabetes mellitus. Does it have any impact on the course of
pregnancy? J Physiol Pharmacol 2011; 62: 567-573 [PMID:
222043805]

Gordin D, Kaaja R, Forsblom C, Hiilesmaa V, Teramo K, Groop
PH. Pre-eclampsia and pregnancy-induced hypertension are
associated with severe diabetic retinopathy in type 1 diabetes later
in life. Acta Diabetol 2013; 50: 781-787 [PMID: 22955518 DOI:
10.1007/500592-012-0415-0]

Chaturvedi N, Stephenson JM, Fuller JH. The relationship between
pregnancy and long-term maternal complications in the EURODIAB
IDDM Complications Study. Diabet Med 1995; 12: 494-499 [PMID:
7648822 DOI: 10.1111/j.1464-5491.1995.tb00530.x]

Kaaja R, Sjoberg L, Hellsted T, Immonen I, Sane T, Teramo K.
Long-term effects of pregnancy on diabetic complications. Diabet
Med 1996; 13: 165-169 [PMID: 8641123 DOI: 10.1002/(SICI)109
6-9136(199602)13:2<165::AID-DIA61>3.0.CO;2-E]

Gomes MB, Coral M, Cobas RA, Dib SA, Canani LH, Nery M,
de Freitas MC, Faria M, Felicio JS, da Silva SC, Pedrosa H, Costa
e Forti A, Rea RR, Pires AC, Montenegro Junior R, Oliveira JE,
Rassi N, Negrato CA. Prevalence of adults with type 1 diabetes
who meet the goals of care in daily clinical practice: a nationwide
multicenter study in Brazil. Diabetes Res Clin Pract 2012; 97:
63-70 [PMID: 22397904 DOI: 10.1016/j.diabres.2012.02.008]
American Diabetes Association. Clinical Practice Recom-
mendations. Diabetes Care 2013; 34: S11-S66

World Health Organization. Obesity: preventing and managing
the global epidemic. Report of a World Health Organization
Consultation. Geneva: World Health Organization, WHO Obesity
Technical Report Series, 2000: 284

Friedewald WT, Levy RI, Fredrickson DS. Estimation of the

WJD | www.wjgnet.com

259

Gomes MB et /. Parity in women with type 1 diabetes

20

21

22

23

24

25

26

27

28

29

30

concentration of low-density lipoprotein cholesterol in plasma,
without use of the preparative ultracentrifuge. Clin Chem 1972; 18:
499-502 [PMID: 4337382]

Instituto Brasileiro de Geografia e Estatistica (IBGE). Censo
2000. [accessed 2008 Aug]. Available from: URL: http://www.
ibge.gov.br/censo/

Malerbi DA, Franco LJ. Multicenter study of the prevalence of
diabetes mellitus and impaired glucose tolerance in the urban
Brazilian population aged 30-69 yr. The Brazilian Cooperative
Group on the Study of Diabetes Prevalence. Diabetes Care 1992;
15: 1509-1516 [PMID: 1468278 DOI: 10.2337/diacare.15.11.1509]
ABEP. Brazilian Economic classification criteria, 2010. [accessed
2008 Aug]. Available from: URL: http: //www.abep.org/novo/
Content.aspx?Section]D=84

Rasbash J, Charlton C, Browne WJ , Healy M, Cameron B. 2009
MLwiN Version 2.1. Bristol: Centre for Multilevel Modelling,
University of Bristol, 2009

Hemachandra A, Ellis D, Lloyd CE, Orchard TJ. The influence
of pregnancy on IDDM complications. Diabetes Care 1995; 18:
950-954 [PMID: 7555555 DOI: 10.2337/diacare.18.7.950]

Vella S, Buetow L, Royle P, Livingstone S, Colhoun HM, Petrie
JR. The use of metformin in type 1 diabetes: a systematic review of
efficacy. Diabetologia 2010; 53: 809-820 [PMID: 20057994 DOI:
10.1007/500125-009-1636-9]

Newfield RS, Cohen D, Capparelli EV, Shragg P. Rapid weight
gain in children soon after diagnosis of type 1 diabetes: is there
room for concern? Pediatr Diabetes 2009; 10: 310-315 [PMID:
19067888 DOI: 10.1111/j.1399-5448.2008.00475.x]

Matheus AS, Tibiri¢a E, da Silva PB, de Fatima Bevilacqua
da Matta M, Gomes MB. Uric acid levels are associated with
microvascular endothelial dysfunction in patients with Type 1
diabetes. Diabet Med 2011; 28: 1188-1193 [PMID: 21658123 DOI:
10.1111/.1464-5491.2011.03349.x]

Vestgaard M, Ringholm L, Laugesen CS, Rasmussen KL, Damm
P, Mathiesen ER. Pregnancy-induced sight-threatening diabetic
retinopathy in women with Type 1 diabetes. Diabet Med 2010; 27:
431-435 [PMID: 20536515 DOI: 10.1111/5.1464-5491.2010.02958 ]
Rosenn BM, Miodovinik M. Pregnancy and complications of
diabetes mellitus: maternal and fetal complications, edn 2. In
Diabetes mellitus: A Fundamental and clinical Text. Philadelphia,
PA: Lippincott, Williams, and Wilkins, 2000: 865-866

Miodovnik M, Rosenn BM, Khoury JC, Grigsby JL, Siddiqi TA.
Does pregnancy increase the risk for development and progression
of diabetic nephropathy? Am J Obstet Gynecol 1996; 174:
1180-1189; discussion 1189-1191 [PMID: 8623845 DOI: 10.1016/
S0002-9378(96)70660-9]

P- Reviewer: Sanlioglu AD, Vorobjova T  S- Editor: Kong JX
L- Editor: A E- Editor: LuYJ

June 25, 2016 | Volume 7 | Issue 12 |



JRnishideng®

Published by Baishideng Publishing Group Inc
8226 Regency Drive, Pleasanton, CA 94588, USA
Telephone: +1-925-223-8242
Fax: +1-925-223-8243
E-mail: bpgoffice@wijgnet.com
Help Desk: http://www.wijgnet.com/esps/helpdesk.aspx
http:/ /www.wjgnet.com

© 2016 Baishideng Publishing Group Inc. All rights reserved.



