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Abstract 

Background  Women with type 1 diabetes depend on insulin injections throughout their life. However, the recom‑
mendation for strict metabolic control of diabetes requires the administration of supra-physiological doses of insulin, 
which might result in insulin-mediated stimulation of androgen synthesis. Hyperandrogenism in women with type 
1 diabetes may be associated with polycystic ovary syndrome (PCOS). This study was performed to investigate PCOS 
and its associated clinical symptoms and biochemical alterations in women with type 1 diabetes in the Palestinian 
Territories. This retrospective cohort study consists of 50 women with type 1 diabetes and 50 apparently healthy non-
diabetic controls. Questionnaire interviews were conducted. The diagnosis of PCOS was based on chronic anovulation 
and biochemical evidence of hyperandrogenism. Serum total testosterone, follicle-stimulating hormone (FSH), lutein‑
izing hormone (LH), and insulin were measured by ELISA.

Results  The mean waist-to-hip ratio and age at menarche were significantly higher in diabetic women than in non-
diabetic controls (81.9 ± 7.9 and 13.9 ± 1.6 years vs. 78.8 ± 5.7 and 13.2 ± 1.2 years, and P = 0.045, P = 0.020, respectively). 
Oligomenorrhea, acanthosis nigricans, seborrhea, and hirsutism were more frequent in diabetics. The levels of total 
testosterone and insulin were significantly higher in diabetics (0.58 ± 0.11 ng/ml and 15.8 ± 12.4 mlU/ml vs. 0.44 ± 0.11 
ng/ml and 10.8 ± 4.5 mlU/ml, P < 0.001 and P = 0.010, respectively). PCOS was present in 11 (22.0%) of diabetic women 
compared to 3 (6.0%) in non-diabetics (P = 0.044). Diabetic women with PCOS received higher doses of insulin 
than non-PCOS women (72.7 ± 23.9 vs. 55.0 ± 19.8 UI.cc/ml/day, P = 0.023). PCOS women showed more frequent oli‑
gomenorrhea (100% vs. 15.4%, P < 0.001) and higher levels of total testosterone and insulin (0.64 ± 0.09 and 23.1 ± 13.0 
vs. 0.53 ± 0.11 and 14.1 ± 11.8, P = 0.023 and P = 0.041, respectively). PCOS cases were significantly more frequent in dia‑
betic women receiving intensive insulin therapy than their counterparts with non-intensive insulin therapy (40.9% vs. 
7.1%, P = 0.012).

Conclusion  Intensive insulin treatment in type 1 diabetes potentiates the development of PCOS and its related clini‑
cal and biochemical features particularly oligomenorrhea, hyperinsulinemia, and hyperandrogenemia.
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Background
Type 1 diabetes is a common autoimmune chronic dis-
ease caused by the destruction of pancreatic endocrine 
β-cells resulting in insulin deficiency and hyperglycemia. 
In type 1 diabetic patients, insulin injections remain the 
“one-size-fits-all” daily therapeutic practice throughout 
their life. However, this option is not very effective and 
many patients may face a risk of some complications, as 
well as an overall decreased life expectancy [1, 2]. There-
fore, type 1 diabetes is more likely to be a personalized, 
monitored, and controlled condition. The current rec-
ommendation for strict metabolic control of type 1 dia-
betes requires the administration of supra-physiological 
doses of exogenous insulin, which might result in insulin-
mediated stimulation of androgen synthesis, as occurs in 
insulin-resistant states [3]. Elevated levels of androgens 
in women with type 1 diabetes may be associated with 
polycystic ovarian changes, including PCOS [4].

PCOS is the most common endocrine disorder in pre-
menopausal women, with a prevalence rate of approxi-
mately 5–20% based on the National Institute of Health 
(NIH) and Rotterdam criteria [5–7]. Women with PCOS 
are characterized by chronic ovulatory dysfunction, 
hyperandrogenemia, hyperinsulinemia, hypothalamic-
pituitary-ovarian axis dysfunction, menstrual irregu-
larities, deranged adipokine secretion from the adipose 
tissue, and/or small cysts on one or both ovaries [8, 9]. 
These specific alterations interact in different tissues, 
such as fat, liver, muscle, and ovaries, resulting in a vari-
ety of phenotypes of the syndrome [10], and it is prob-
ably the most frequent cause of hirsutism and infertility 
[11–13].

The definition of PCOS requires the presence of two of 
three of the following criteria: clinical and/or biochemi-
cal hyperandrogenism, oligo-anovulation, and polycystic 
ovaries in ultrasound; ≥ 12 follicles measuring 2–9 mm 
in diameter, and/or an ovarian volume > 10 mL in at least 
one ovary [14]. Hyperandrogenism is a cardinal clinical 
and biochemical characteristic of PCOS and is a central 
component in both the androgen excess and PCOS (AE-
PCOS) Society and earlier NIH diagnostic criteria [15]. 
In adult women affected by type 1 diabetes, the global 
prevalence of PCOS is relatively high to be about 24% 
[4]. Although PCOS is extensively studied worldwide in 
patients with type 2 diabetes, limited data are available 
on such condition in type 1 diabetes. In the Palestinian 
Territories, Gaza Strip, the present study is the first to 
assess PCOS in women with type 1 diabetes. The present 
investigation is designed (I) to study socio-demographic 
and clinical data, anthropometric parameters, menstrual 
status, and apparent symptoms in type 1 diabetic com-
pared to non-diabetic women; (II) to determine hormo-
nal levels of total testosterone, FSH, LH, and insulin in 

both diabetic and non-diabetic women; (III) to find out 
the distribution of PCOS among diabetic and non-dia-
betic women; (IV) to compare clinical and biochemical 
features of diabetic women with and without PCOS; and 
(V) to assess the relation of insulin therapy with PCOS 
and apparent symptoms in diabetic patients.

Methods
Study population and ethical considerations
This is a retrospective cohort study comprising 50 type 
1 diabetic and 50 non-diabetic females matched for age 
and body mass index (BMI). A non-probability accidental 
sample of type 1 diabetic women, previously diagnosed 
according to the World Health Organization diagnostic 
criteria for diabetes [16], was selected from the Medi-
cal Relief Center in Gaza Governorate. The sample size 
calculations were based on the formula for case–con-
trol studies. EPI-INFO statistical package version 3.5.1 
was used with 95% Cl, 80% power, 50% proportion as 
conservative, and OR > 2. The sample size in the case of 
a 1:1 ratio of case–control was found to be 47:47. For a 
no-response expectation, the sample size was increased 
to 50 women with type 1 diabetes. The control also con-
sisted of 50 non-diabetic women [17]. Women with type 
2 diabetes or other forms of diabetes, pregnant or lactat-
ing women, women who used sex steroids, women with 
androgenic ovarian or adrenal tumors or other endo-
crinopathies, women who had abnormal thyroid func-
tion, and women who have had recent ovarian surgery 
were excluded from this study. On the other hand, the 
inclusion criteria were women aged between 15 and 38 
years and women suffering from PCOS based on chronic 
anovulation (oligomenorrhea: < 8 cycles/year) and bio-
chemical evidence of hyperandrogenism [18, 19].

Questionnaire interviews
All interviews were conducted face-to-face by the 
researcher herself with both diabetic and non-diabetic 
women. The questionnaire was based on the questions 
of a previous study with some modifications [20]. Most 
questions were yes/no questions, which offer a dichoto-
mous choice [21]. The questionnaire was validated and 
then piloted with eight patients who were not included in 
the study. The questionnaire included questions on soci-
odemographic and clinical data, the status of the men-
strual cycle, apparent symptoms, and insulin therapy.

Body mass index, waist‑to‑hip ratio, oligomenorrhea 
and hirsutism assessment
The BMI measurements were taken for both diabetic 
and non-diabetic women, and the BMI was calculated 
as kilogram (kg) body weight/height in meters squared 
[22]. The body weight and height were measured using a 
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carefully calibrated balance (Detecto, CAP-180 kg, USA) 
and a vertical measuring rod, respectively. The waist cir-
cumference was measured to the nearest 0.5 cm using a 
flexible measuring tape at the narrowest circumference 
between the lower costal margin and the iliac crest in the 
standing position. The hip circumference measurement 
was obtained at the maximum perimeter at the level of 
the femoral trochanters. The waist-to-hip ratio was cal-
culated as the ratio of these two circumferences [23]. Oli-
gomenorrhea was defined as less than 8 menstrual cycles 
per year [24]. Hirsutism was assessed by determining the 
presence of terminal hair using the modified Ferriman-
Gallway score [25].

Blood sample collection, processing and hormonal assay
A fasting overnight venous blood sample (5 mL) was col-
lected by a well-trained medical technologist from each 
participant on days 3–5 of their menstrual cycle into a 
plain vacutainer tube without anticoagulant, under qual-
ity control and safety procedures. The tubes were allowed 
to stand for 20 min at room temperature, and then the 
serum was separated for hormonal determination by 
centrifugation at 3000 rpm for 10 min using a Rotina 46 
Hettich Centrifuge, Japan. Serum total testosterone, FSH, 
and LH levels were measured following the previously 
described methods [26–28], respectively, using enzyme-
linked immunosorbent assay (ELISA) TECO kits. Serum 
insulin was also determined by ELISA using the DRG kit, 
Germany [29].

Data analysis
The IBM SPSS program for Windows (Statistical Pack-
age for the Social Sciences Inc., Chicago, Illinois, USA), 
version 22.0, was used for data analysis in this study. The 
frequency of the study variables and the cross-tabulation 
were presented. The chi-square (χ2) test was used to iden-
tify the significance of the relations, associations, and 
interactions among various variables. Yates’s continuity 
correction test, χ2

(corrected), was used when not more than 
20% of the cells had an expected frequency of less than 
5. The independent sample t-test procedure was used to 
compare the means of the quantitative variables in the 
separated cases into two qualitative groups, such as the 
relationship between hormones in diabetic and non-dia-
betic women. In all the abovementioned tests, P-values 
less than 0.05 were regarded as the statistically significant 
limit. A range of minimum and maximum values was 
used. The percentage difference was calculated accord-
ing to the formula: The percentage difference equals the 
absolute value of the change in value divided by the aver-
age of the 2 numbers, all multiplied by 100. Percent dif-
ference = (| (V1 − V2) | / ((V1 + V2)/2)) × 100.

Results
Sociodemographic and clinical data of the study 
population
Table  1 shows no significant difference between the 
mean ages of non-diabetic controls and diabetic patients 

Table 1  Sociodemographic and clinical data of the study 
population

CVD cardiovascular disease, No. number, SD standard deviation. *P-value of χ2 
(corrected) test, P < 0.05: significant, P > 0.05: not significant

Variable Non-diabetic 
controls 
(No. = 50)

Diabetic 
patients 
(No. = 50)

Test P-value

Age (years)

  Mean ± SD 23.8 ± 5.2 23.3 ± 5.7 T 0.401 0.689

  Range (min–
max)

16–37 15–38

Marital status, No. (%)

  Single 35 (70.0) 30 (60.0) χ2 1.099 0.294

  Married 15 (30.0) 20 (40.0)

Have children

  Yes 10 (66.7) 11 (55.0) 0.486 0.486

  No 5 (33.3) 9 (45.0)

First delivery after marriage (years)

  Mean ± SD 1.2 ± 0.5 2.5 ± 1.9 χ2 2.197 0.049

Education, No. (%)

  University 35 (70.0) 19 (38.0) χ2 9.698 0.021*

  Secondary 12 (24.0) 20 (40.0)

  Preparatory 1 (2.0) 8 (16.0)

  Primary 2 (4.0) 3 (6.0)

Employment, No. (%)

  Yes 17 (34.0) 6 (12.0) χ2 6.832 0.009

  No 33 (66.0) 44 (88.0)

Family history of diabetes, No. (%)

  Yes 12 (24.0) 25 (50.0) χ2 7.250 0.007

  No 38 (76.0) 25 (50.0)

Duration of diabetes (years)

  < 7 - 27 (54.0) - - -

  7–14 13 (26.0)

  > 14 10 (20.0)

  Mean ± SD 7.8 ± 5.9

  Range (min–
max)

1–22

Retinopathy, No. (%)

  Yes 9 (18.0) 10 (20.0) χ2 0.065 0.799

  No 41 (82.0) 40 (80.0)

CVD, No. (%)

  Yes 1 (2.0) 3 (6.0) χ2 0.260 0.610*

  No 49 (98.0) 47 (94.0)

Neuropathy, No. (%)

  Yes 4 (8.0) 7 (14.0) χ2 0.409 0.522*

  No 46 (92.0) 43 (86.0)
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(23.8 ± 5.2 vs. 23.3 ± 5.7 years, P = 0.689). More than half 
of married women have children. However, the mean 
period of first delivery after marriage was significantly 
longer in diabetic women compared to non-diabetic 
women (2.5 ± 1.9 vs. 1.2 ± 0.5 years, P = 0.049). Analy-
sis of the educational status showed that the differ-
ence between various educational levels of diabetic and 
non-diabetic women was significant (χ2

(corrected) = 9.698, 
P = 0.021). Regarding employment, the difference 
between the two groups was significant (χ2 = 6.832, 
P = 0.009), with an increase in diabetes among unem-
ployed women. Half of diabetic women had a family 
history of diabetes, compared to almost a quarter of non-
diabetic women (χ2 = 7.250, P = 0.007). The mean diabetic 
duration was 7.8 ± 5.9 years, with a range of 1–22 years. 
Self-reported complications, including retinopathy, car-
diovascular disease, and neuropathy, were higher among 
diabetic women compared to non-diabetic women, but 
the differences were not significant (P > 0.05).

Anthropometric measurements of the study population
As indicated in Table  2, there was no significant differ-
ence between diabetic and non-diabetic women for 
BMI. Waist-to-hip ratio was significantly higher in dia-
betic compared to non-diabetic controls (81.9 ± 7.9 vs. 
78.8 ± 5.7, P = 0.045). Although the number of diabetics 
who have an android body type was higher than that of 
non-diabetics, no significant difference was detected 
(χ2 = 1.961, P = 0.161).

Status of menstrual cycle, apparent symptoms and insulin 
therapy
Table  3 reveals that the mean age at menarche was 
significantly higher in diabetic women compared to 
non-diabetic women (13.9 ± 1.6 vs. 13.2 ± 1.2 years, 
P = 0.020). Seventeen (34.0%) of diabetics reported 

oligomenorrhea versus 9 (18.0%) of non-diabetics 
(χ2 = 3.326, P = 0.068). Acanthosis nigricans was pre-
sent only in the diabetic group (χ2

(corrected) = 4.433, 
P = 0.035). Seborrhea was significantly higher in dia-
betics (χ2

(corrected) = 4.640, P = 0.031). Hirsutism was 
also more frequent in diabetics, but the difference was 
not significant (χ2

(corrected) = 2.367, P = 0.124). Concern-
ing insulin therapy, Table  4 points out that 28 (56.0%) 
diabetic patients received < 3 insulin injections/day 
(conventional or non-intensive treatment), whereas 22 
(44.0%) received ≥ 3 insulin injections/day (intensive 

Table 2  Anthropometric measurements of the study population

BMI body mass index; people with BMI = 18.5–24.9 were considered to have normal weight and people with BMI = 25.0–29.9 were considered overweight (WHO, 
2014), Android body type: Apple shape; No. number, SD standard deviation; P < 0.05: significant, P > 0.05: not significant

Anthropometric parameter Non-diabetic controls 
(No. = 50)

Diabetic patients 
(No. = 50)

Test P-value

BMI

  Mean ± SD 25.1 ± 4.9 26.1 ± 4.5 T 0.973 0.333

  Range (min–max) 16–37 18–36

Waist-to-hip ratio

  Mean ± SD) 78.8 ± 5.7 81.9 ± 7.9 T 2.033 0.045

  Range (min–max) 67–95 70–113

Android body type, No. (%)

  Yes 5 (10.0) 10 (20.0) χ2 1.961 0.161

  No 45 (90.0) 40 (80.0)

Table 3  Status of menstrual cycle and apparent symptoms 
among the study population

No. number, SD standard deviation; *P-value of χ2
(corrected) test, P < 0.05: 

significant, P > 0.05: not significant

Variable Non-diabetic 
controls 
(No. = 50)

Diabetic 
patients 
(No. = 50)

Test P-value

Age at menarche (years)

  Mean ± SD 13.2 ± 1.2 13.9 ± 1.6 t 2.368 0.020

  Range (min–
max)

11–16 11–18

Oligomenorrhea, No. (%)

  Yes 9 (18.0) 17 (34.0) χ2 3.326 0.068

  No 41 (82.0) 33 (66.0)

Acanthosis nigricans, No. (%)

  Yes 0 (0.0) 6 (12.0) χ2 4.433 0.035*

  No 50 (100) 44 (88.0)

Seborrhea, No. (%)

  Yes 2 (4.0) 10 (20.0) χ2 4.640 0.031*

  No 48 (96.0) 40 (80.0)

Hirsutism, No. (%)

  Yes 3 (6.0) 9 (18.0) χ2 2.367 0.124*

  No 47 (94.0) 41 (82.0)
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treatment). The mean insulin dose/day was 57.8 ± 22.9 
UI.cc/ml, with a range of 17–130 UI.cc/ml.

Hormonal levels of the study population
The mean levels of hormones in both diabetic and non-
diabetic women are presented in Table  5. The total tes-
tosterone and insulin hormones were significantly higher 
in diabetic women with respect to non-diabetic women 
(0.58 ± 0.11 ng/ml and 15.8 ± 12.4 mlU/ml vs. 0.44 ± 0.11 

ng/ml and 10.8 ± 4.5 mlU/ml, P < 0.001 and P = 0.010, 
respectively). On the other hand, FSH and LH levels 
showed no significant differences between diabetic and 
non-diabetic groups.

Distribution of PCOS, and clinical and biochemical features 
of diabetic women with and without PCOS
Table 6 shows that PCOS was present in 11 (22.0%) out of 
50 diabetic women compared to 3 (6.0%) in non-diabetics 
(χ2

(corrected) = 4.070, P = 0.044). Clinical and biochemical 
features of diabetic women with and without PCOS are 
compared in Table 7. A significantly higher insulin dose 
was received by PCOS women than non-PCOS women 
(72.7 ± 23.9 vs. 55.0 ± 19.8 UI.cc/ml/day, P = 0.023). Oli-
gomenorrhea was found in all PCOS women in 11 (100%) 
compared to 6 (15.4%) of non-PCOS women (χ2 (cor-

rected) = 23.735, P < 0.001). Testosterone and insulin levels 
were significantly higher in women with PCOS compared 
to their counterparts without PCOS (0.64 ± 0.09 and 
23.1 ± 13.0 vs. 0.53 ± 0.11 and 14.1 ± 11.8, P = 0.023 and 
0.041, respectively).

Relation of insulin therapy with PCOS and apparent 
symptoms in diabetic women
In Table 8, a significant increase has been observed in 
PCOS frequency among women receiving intensive 
insulin therapy (9 out of 22 “40.9%”) compared to 2 

Table 4  Insulin therapy among diabetic patients

Insulin injection frequency/day: < 3: conventional or non-intensive 
treatment, ≥ 3: intensive treatment, other treatment included glucophage; No., 
number; SD, standard deviation

Treatment Diabetic 
patients 
(No. = 50)

Insulin injection frequency/day No. (%)

  < 3 28 (56.0)

  ≥ 3 22 (44.0)

Dose (UI.cc/ml/day)

  Mean ± SD 57.8 ± 22.9

  Range (min–max) 17–130

Other treatment No. (%)

  Yes 6 (12.0)

  No 44 (88.0)

Table 5  Hormonal levels of the study population

T testosterone total testosterone, FSH follicle stimulating hormone, LH luteinizing hormone, No. number; all values are presented as mean ± SD; P < 0.05: significant, 
P > 0.05: not significant

Hormone Non-diabetic controls 
(No. = 50)

Diabetic patients 
(No. = 50)

% difference t P-value

T testosterone (ng/ml) 0.44 ± 0.11 0.58 ± 0.11 26.3 6.112  < 0.001

  Range (min–max) 0.2–0.7 0.39–0.80

FSH (mlU/ml) 5.6 ± 1.9 6.6 ± 4.3 18.0 1.512 0.135

  Range (min–max) 2.1–12.7 0.1–18.7

LH (mlU/ml) 6.1 ± 2.9 6.9 ± 5.1 12.3 1.070 0.288

  Range (min–max) 0.7–13.7 0.3–25.1

Insulin (mlU/ml) 10.8 ± 4.5 15.8 ± 12.4 37.6 2.667 0.010

  Range (min–max) 4.9–24.8 2.2–59.2

Table 6  Distribution of polycystic ovary syndrome (PCOS) among the study population

No. number; P-value of χ2
(corrected) test, P < 0.05: significant

PCOS Non-diabetic controls (No. = 50) Diabetic patients (No. = 50) χ2 P-value

No. % No. %

Have PCOS (oligomenorrhea + hyper‑
androgenism)

3 6 11 22 4.070 0.044

Have no PCOS 47 94 39 78
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out of 28 (7.1%) women receiving non-intensive insulin 
therapy (χ2

(corrected) = 6.336, P = 0.012). Although acan-
thosis nigricans, seborrhea, and hirsutism were more 
prevalent among diabetic women receiving intensive 
insulin therapy, no significant differences were achieved 
between the two groups (P > 0.05).

Discussion
PCOS is the most common gynecological endocrinopa-
thy. Despite the heavy burden and impact of PCOS on 
reproduction and public health, there are underdiagno-
sis and underreporting of the disease in the Palestinian 
Territories. Very few studies have targeted the prevalence 
and characteristics of metabolic syndrome in Palestin-
ian women with PCOS [20]. However, to the best of our 
knowledge, there has been no previous study investigat-
ing PCOS in type 1 diabetic Palestinian women. The pre-
sent study is a retrospective cohort design comprised of 
50 type 1 diabetic women aged 23.3 ± 5.7  years and 50 
healthy women aged 23.8 ± 5.2 years who served as con-
trols. The mean period of first delivery after marriage 
was significantly longer in diabetic women compared to 
non-diabetics. This result coincides with previous stud-
ies reporting that type 1 diabetic women had higher 
levels of sexual dysfunction and distress compared with 
healthy control subjects [30, 31]. The negative impact 
of type 1 diabetes on pregnancy, particularly in women 
with poor glycemic control, was also documented [32, 
33]. An analysis of the educational status indicated that 
type 1 diabetes is more prevalent among the less edu-
cated women. The incidence of type 1 diabetic complica-
tions was reported to be two to three times greater for 
type 1 diabetic individuals without a college degree com-
pared to those with a college degree [34]. Type 1 diabetes 
was also found to be more frequent among unemployed 
women and women with a family history of the disease. 
Researchers provided evidence that diabetes affects 
patients, employers, and society not only by reducing 
employment but also by contributing to work loss and 
health-related work limitations for those who remain 
employed [35, 36]. Family history of type 1 diabetes not 
only contributes to the higher frequency of the disease 
but also is extended in children [37, 38].

In the present study, neither BMI nor body type showed 
a significant difference between diabetic and non-dia-
betic females. However, the waist-to-hip ratio was sig-
nificantly higher in diabetics. This result is supported by 
the finding that the waist-to-hip ratio decreased during 
puberty in normal control girls but not in type 1 diabetic 
girls [39]. The waist-to-hip ratio was addressed as a pre-
dictor of incident diabetes in young adults [40].

The status of the menstrual cycle showed that diabetic 
females had a later onset of menarche and a more fre-
quent oligomenorrhea than non-diabetics. Similar results 
were obtained by other authors [41, 42]. The concept that 
the younger the age at onset of diabetes, the higher the 
age at menarche coincides with our result that around 
half of patients had diabetes for more than 7 years [43]. 
The apparent symptoms of acanthosis nigricans, seb-
orrhea, and hirsutism were more prevalent in diabetic 

Table 7  Clinical and biochemical features of diabetic women 
with and without polycystic ovary syndrome (PCOS)

No. number; *P-value of χ2
(corrected) test, P < 0.05: significant, P > 0.05: not 

significant

Variable With PCOS 
(No. = 11)

Without 
PCOS 
(No. = 39)

Test P-value

Waist-to-hip ratio

  Mean ± SD 84.0 ± 5.6 80.3 ± 5.4 t 1.736 0.091

Insulin dose (UI.cc/ml/day)

  Mean ± SD 72.7 ± 23.9 55.0 ± 19.8 t 2.350 0.023

Age at menarche (years)

  Mean ± SD 14.5 ± 1.9 13.6 ± 1.2 t 1.631 0.110

Oligomenorrhea, No. (%)

  Yes 11 (100) 6 (15.4) χ2 23.735  < 0.001*

  No 0 (0.0) 33 (84.6)

T testosterone (ng/ml)

  Mean ± SD 0.64 ± 0.09 0.53 ± 0.11 t 2.350 0.023

Insulin (mlU/ml)

  Mean ± SD 23.1 ± 13.0 14.1 ± 11.8 t 2.104 0.041

Table 8  Relation of insulin therapy with polycystic ovary 
syndrome (PCOS) and apparent symptoms in diabetic patients

Non-intensive insulin treatment: < 3 insulin injections/day, intensive insulin 
treatment: ≥ 3 insulin injections/day; No., number; P-value of χ2

(corrected) test, 
P < 0.05: significant, P > 0.05: not significant

Variable Non-intensive 
insulin therapy 
(No. = 28)

Intensive insulin 
therapy (No. = 22)

χ2 P-value

Have PCOS, No. (%)

  Have 2 (7.1) 9 (40.9) 6.336 0.012

  Have not 26 (92.9) 13 (59.1)

Acanthosis nigricans, No. (%)

  Yes 2 (7.1) 4 (18.2) 0.568 0.451

  No 26 (92.9) 18 (81.8)

Seborrhea, No. (%)

  Yes 3 (10.7) 7 (31.8) 2.237 0.135

  No 25 (89.3) 15 (68.2)

Hirsutism, No. (%)

  Yes 2 (7.1) 6 (27.3) 2.368 0.124

  No 26 (92.9) 16 (72.7)
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females compared to non-diabetics. Such symptoms were 
reported among women with type 1 diabetes [44, 45]. 
Intensive insulin therapy in type 1 diabetic women stim-
ulates granulosa, theca, and stromal ovarian cells, lead-
ing to ovarian hyperandrogenism which is believed to 
increase the incidence of menstrual disturbance as well 
as the prevalence of acanthosis nigricans, seborrhea, and 
hirsutism; the main clinical manifestations of PCOS [46, 
47]. This hypothesis is supported, in part, by the present 
result that 44.0% of diabetic women had received inten-
sive insulin treatment. In this context, a high frequency of 
hyperandrogenism and PCOS in type 1 diabetic women 
was reviewed and found to be associated with intensive 
insulin treatment [48].

The tested hormones showed higher levels in diabetic 
women than in non-diabetic controls. However, this 
change was significant for total testosterone and insu-
lin. These results are in agreement with those discussed 
by other researchers, who suggested that the ovary is 
more likely to be the main source of androgen excess in 
hyperandrogenic type 1 diabetic patients [49, 50]. Hyper-
insulinemia derived from the supraphysiological doses of 
exogenous insulin needed to achieve adequate glycemic 
control in diabetic women confirms the idea that hyper-
insulinism may facilitate LH-mediated androgen synthe-
sis in the ovary [49].

PCOS was significantly more frequent among diabetic 
women compared to non-diabetic controls. Systematic 
reviews and meta-analyses showed that PCOS and its 
related traits are frequent findings in women with type 1 
diabetes; approximately one in every four type 1 diabetic 
women has PCOS [16, 51]. The prevalence of PCOS in 
our population sample of women with type 1 diabetes 
was 22.0%, which is around to that reported by Spanish 
and Egyptian Scientists (24.0% and 28.0%, respectively) 
[4, 52], but lower than that mentioned by French authors 
(47.9%) [53]. This variation may be attributed to the 
use of different diagnostic criteria for PCOS and multi-
ple genetic and environmental factors that may play an 
important role in the occurrence of PCOS. Additionally, 
the relatively small sample size used in this study may 
constitute a limitation. However, global research linking 
PCOS and type 1 diabetes is limited, and this is the first 
study to investigate PCOS in type 1 diabetic Palestinian 
women.

Clinical and biochemical features of diabetic women 
with PCOS showed a higher mean waist-to-hip ratio than 
diabetic women without PCOS. A significantly higher 
insulin dose was received by PCOS women. The age at 
menarche was delayed, and a significantly more frequent 
oligomenorrhea was found in PCOS women. The waist-
to-hip ratio was addressed as an anatomical predictive 
marker of the risk of PCOS [54]. It is also accepted that 

the age at menarche is experienced later in type 1 dia-
betic women with PCOS [3]. Oligomenorrhea is also 
one of the essential diagnostic criteria for PCOS [55]. 
Therefore, it is not surprising to find a significantly higher 
frequency of oligomenorrhea in women with PCOS. Oli-
gomenorrhea may be attributed in part to ovarian hyper-
androgenemia resulting from higher doses of exogenous 
insulin received by PCOS women with the aim of meta-
bolic control and preventing the long-term complications 
of maintained hyperglycemia. The higher levels of insulin 
and testosterone registered in PCOS women in the pre-
sent study support this scenario. Hyperinsulinemia and 
hyperandrogenemia in PCOS women have been reported 
elsewhere in the literature [3, 51]. However, hormonal 
interplay in diabetic women with PCOS needs further 
investigation.

When related to insulin therapy, PCOS cases were sig-
nificantly more frequent in diabetic women receiving 
intensive insulin therapy than their counterparts with 
non-intensive insulin therapy. Such a result is in line with 
that previously reported in adolescents [56]. Type 1 dia-
betic patients frequently treated with intensive insulin 
therapy usually develop supraphysiological insulin levels 
in the systemic circulation, which could potentially facili-
tate ovarian androgen synthesis and make them more 
likely to display PCOS-related symptoms. Again, such 
frequent insulin therapy-PCOS interaction reinforces the 
previous scenario and may explain the higher frequency 
of PCOS apparent symptoms among diabetic women 
receiving intensive insulin therapy. Finally, one can say 
that hyperandrogenism is the backbone of the develop-
ment of PCOS and its related features in type 1 diabetic 
females treated with frequent insulin therapy.

Conclusions
Type 1 diabetic women showed a longer period of first 
delivery after marriage than non-diabetic controls. Type 
1 diabetes was more prevalent among the less educated, 
the unemployed, and women with a family history of the 
disease. The waist-to-hip ratio and mean age at menarche 
were higher in diabetics. Oligomenorrhea, acanthosis 
nigricans, seborrhea, and hirsutism were more frequent 
in diabetics. The levels of total testosterone and insulin 
were higher in diabetics. Polycystic ovary syndrome was 
significantly more frequent among diabetic women com-
pared to non-diabetic controls. Diabetic women with 
PCOS received higher doses of insulin than non-PCOS 
women. PCOS women showed more frequent oligome-
norrhea and higher levels of testosterone and insulin. 
PCOS cases were significantly more frequent in diabetic 
women receiving intensive insulin therapy than their 
counterparts with non-intensive insulin therapy.
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