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Background: Emerging evidence suggests that reproductive hormones such as
prolactin and progesterone may influence glucose metabolism and insulin
sensitivity. However, data from sub-Saharan Africa, particularly Nigeria,
remains limited. Thus, this study assesses the impact of Type 2 Diabetes Mellitus
(T2DM) on serum prolactin and progesterone levels among female patients in
llorin, Nigeria.
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Methods: A cross-sectional case-control study was conducted among 90
participants recruited from General Hospital, llorin. Fasting plasma glucose
(FPG) was estimated using the glucose oxidase-peroxidase method, while serum
prolactin and progesterone levels were measured using enzyme-linked
immunosorbent assay (ELISA). Data were analyzed using SPSS version 25.
Statistical significance was set at p < 0.05.

Results: The mean FPG was significantly higher in T2DM patients (10.36 + 4.51
mmol/L) compared to controls (4.63 £ 0.50 mmol/L; p < 0.001). Serum prolactin
levels were significantly lower in T2DM patients (12.46 + 7.57 ng/mL)
compared to controls (18.03 £ 8.12 ng/mL; p < 0.05). Similarly, progesterone
levels were significantly lower in T2DM patients (1.59 + 0.33 ng/mL) compared
to controls (1.91 £ 0.34 ng/mL; p < 0.05). However, FPG showed a non-
significant negative correlation with prolactin and progesterone levels.

Conclusion: Female patients with T2DM had significantly lower prolactin and
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progesterone levels than healthy controls. These findings suggest a potential
association between reproductive hormone dysregulation and T2DM
pathophysiology in women.
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1. Introduction

Type 2 diabetes mellitus (T2DM) remains a major
global public health challenge characterized by
chronic  hyperglycemia resulting from insulin
resistance and  progressive  pancreatic  p-cell
dysfunction, with prevalence and projections
substantially higher than previously estimated.
International Diabetes Federation (IDF) data show the
global burden has grown significantly, with Saeedi et
al. (2019) reporting 463 million adults with diabetes in
2019, projected to reach 700 million by 2045. More
recent estimates indicate this trajectory is accelerating,
with Sun et al. (2021) documenting 536.6 million
people in 2021, rising to 783.2 million by 2045.
Motala et al. (2022) describe that Sub-Saharan Africa
(SSA) faces challenges from a rapid epidemiological
transition driven by urbanization, with a notable report
from Chilunga et al. (2023) that diabetes prevalence in
SSA increased by 83% between 1990 and 2021, with
projections of a 57% further increase by 2050.
Goedecke et al. (2022) emphasize that SSA has the
highest projected increase globally (129% by 2045),
with distinct pathophysiological mechanisms in Black
African populations.

Beyond classical metabolic disturbances, T2DM has
been increasingly linked to endocrine dysfunction,
including alterations in reproductive hormones.
Prolactin is an emerging endocrine regulator of type 2
diabetes risk, with physiological levels conferring
metabolic protection, whereas dysregulation increases
disease susceptibility. Recent evidence demonstrates
this relationship across multiple metabolic tissues. Wu
et al. (2024) established that prolactin has evolved
from a reproductive hormone to a key metabolic
regulator, with deviations in prolactin levels, both
elevated and reduced, associated with adverse glucose
and lipid metabolism. Macotela et al. (2020)
demonstrated that low circulating prolactin levels
represent a risk factor for T2D, whereas higher
physiological levels are metabolically beneficial.
Zhang et al. (2022) found that decreasing prolactin
quartiles were associated with increased future T2D
risk in women with a history of gestational diabetes.
Mechanistically, Park et al. (2011) showed that
prolactin dosage determines whether it improves or
impairs B-cell function and insulin sensitivity.
Zaidalkilani et al. (2024) characterized prolactin’s
dual effects, noting that normal physiological levels
are essential for insulin sensitivity and adipose tissue
regulation, whereas dysregulation contributes to the
pathogenesis of metabolic syndrome. These findings
suggest prolactin - warrants investigation as a
therapeutic target in T2DM prevention and
management.

Progesterone influences glucose metabolism through
multiple mechanisms affecting insulin secretion, B-
cell function, and insulin sensitivity, though evidence
reveals complex and sometimes contradictory effects
across different physiological contexts. Multiple
studies demonstrate progesterone’s multifaceted role
in glucose homeostasis. Progesterone modulates
insulin secretion and B-cell function (Mauvais-Jarvis,
2016; Handgraaf & Philippe, 2019), with progesterone
receptor knockout mice showing improved glucose
tolerance and increased B-cell proliferation. However,
evidence of harmful effects also exists: progesterone
induces B-cell apoptosis through oxidative stress
mechanisms (Nunes et al., 2014) and antagonizes
insulin effects on peripheral tissues (Sutter-Dub &
Dazey, 1981). Additionally, progesterone impairs
peripheral insulin sensitivity through post-receptor
mechanisms in adipocytes (Sutter-Dub, 1986). These
divergent findings, ranging from p-cell protective
effects to apoptosis induction, underscore the
inconsistency noted across populations and suggest
progesterone’s effects may be context-dependent,
particularly during pregnancy when insulin demand
increases (Branisteanu & Mathieu, 2003; De Sa et al.,
2011).

Despite growing international evidence, limited data
exist regarding prolactin and progesterone alterations
among African women with T2DM. This study,
therefore, aimed to evaluate serum prolactin and
progesterone levels in female T2DM patients in llorin,
Nigeria, and explore their relationship with glycemic
status.

2. Materials and Methods

2.1 Study Design and Setting

This cross-sectional case-control study was conducted
at Kwara State General Hospital, llorin, Nigeria.

2.2 Study Population

A total of 90 female participants, comprising 70
diagnosed T2DM patients and 20 apparently healthy
age-matched controls, were recruited from General
Hospital llorin, Kwara State, Nigeria.

Inclusion Criteria

i. Reproductive-aged women diagnosed with T2DM.
ii. Apparently healthy, non-diabetic, age-matched
reproductive women as controls.

Exclusion Criteria

i. Pregnant women

ii. Patients with type 1 diabetes

iii. Women on hormonal contraceptives

iv. Individuals outside reproductive age were
excluded.
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2.3 Ethical Approval

Ethical approval was obtained from the Kwara State
Ministry of Health and the Management of General
Hospital, llorin (reference numbers
MOH/KS/EU/777/572 and
GHI/ADM/134/VOL.11/391, respectively), in
accordance with the principles of the World Medical
Association’s Declaration of Helsinki, 1964, revised
in 2013 (Millum et al., 2013). Both written and verbal
informed consent were obtained from all participants
after a comprehensive explanation of the study’s
objectives, potential risks and benefits, and assurances
regarding the confidentiality of their data.

2.4 Sample Collection and Laboratory Analysis
Following 10-12 hours of overnight fasting, 5 mL of
venous blood was collected, with 2 mL dispensed into
fluoride oxalate for fasting plasma glucose (FPG) and
3 mL into a gel-activator vacuum tube for serum
prolactin and progesterone. Blood samples were spun
at 3000 rpm for 5 minutes, and the plasma and serum
were separated into plain tubes for quantitative
analysis of FBG, serum prolactin and progesterone
levels.

2.5 Laboratory Analysis

Quantitative Estimation of Glucose Using the
Glucose Oxidase-Peroxidase Method (Trinder,
2002)

Principle

Glucose oxidase (GOD) catalyzes the oxidation of -
D-glucose present in the plasma to D-glucono-1,5-
lactone with the formation of hydrogen peroxide; the
lactone is then slowly hydrolyzed to gluconic acid.

The hydrogen peroxide produced is then broken down
to oxygen and water by a peroxidase enzyme. Oxygen
reacts with oxygen acceptors such as orthotoluidine,
which is converted to a colored compound, the amount
of which can be measured colorimetrically.

Quantitative Estimation of Serum Progesterone
and Prolactin Using the Enzyme-Linked
Immunosorbent Assay (ELISA) Method

Principle

The wells' surfaces are pre-coated with purified
progesterone and prolactin antigens. When patient
serum is added to the wells, the astrovirus-specific
human immunoglobulin G (IgG) antibodies present
bind to the antigens, while unbound materials are
subsequently washed away. Following this, an enzyme
conjugate is added, which binds to the antibody-
antigen complex. Any excess enzyme conjugate is also
washed away before the thiomethyl benzoate (TMB)
chromogenic substrate is added. The enzyme
conjugate's catalytic reaction is then stopped, and the
color intensity is proportional to the concentration of
1gG-specific antibodies in the sample. Which was then
measured using a microplate reader, and the results
were compared to the calibrators and controls plotted
on the standard curves.

2.6 Data Analysis

Data were analyzed using SPSS version 25. Results
were expressed as mean + standard deviation (SD).
Independent sample t-tests compared means between
groups. Pearson correlation assessed relationships
between variables. Statistical significance was set at p
< 0.05.

3. Results
Table 3.1: Socio-Demographic Characteristics of Study Participants
Variables Type 2 DM patients Controls P-Value
N =70 N=20
Age (years)
18-30 6(8.6) 12(60.0)
31-40 33(47.1) 6 (30.0)
41-50 31 (44.3) 2(10.0)
Mean + SD 39.1745.10 29.80+7.89 0.001*
BMI (kg/m?)
Normal weight (18-24.9) 54 (77.1) 20(100.0)
Overweight (25.0-29.9) 15 (21.4) 0(0.0)
Obese (30.0-34.9) 1(1.5) 0(0.0)
Mean + SD 23.78+2.57 21.274£1.76 0.04*

BMI: Body Mass Index; kg/mz Kilogram per square meter; Mean + SD: Mean + Standard Deviation; Values in

parentheses are in percentages; *: significance at p < 0.05

The socio-demographic profile of the study population
(Table 3.1) revealed significant baseline disparities

between patients with Type 2 Diabetes Mellitus
(T2DM) and the healthy control group. The T2DM
cohort was significantly older than the controls (39.17
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+ 5.10 vs. 29.80 + 7.89 years; p = 0.001), with the
majority of diabetic participants (91.4%) aged 31-50
years, whereas 60% of the control group were aged
18-30 years. Furthermore, the T2DM group exhibited
a significantly higher mean body mass index (BMI)
compared to the control group (23.78 + 2.57 vs. 21.27

+ 1.76 kg/m?; p = 0.04). While the mean values for
both groups remained within the normal range, the
clinical distribution of BMI showed that 22.9% of the
T2DM patients were overweight or obese, whereas the
control participants were exclusively (100%) of
normal weight.

Table 3.2: Comparison of FBG, Prolactin, and Progesterone Between Female Type 2 Dm Patients and Controls

Parameters Type 2 DM patients Controls P-value
Mean £ SD Mean + SD

Fasting Blood Sugar (mmol/L) 10.36+4.51 4.63+0.50 0.001*

Prolactin (ng/mL) 12.46+7.57 18.03+8.1 0.005*

Progesterone (hg/mL) 1.59+0.33 1.91+0.34 0.001*

ng/ml: nanogram per milliliter; *: significant at p < 0.05

The biochemical profile comparison between female
patients with Type 2 Diabetes Mellitus (T2DM) and
healthy controls revealed significant endocrine and
metabolic disruptions, as summarized in Table 3.2.
Patients with T2DM exhibited significantly elevated
fasting blood glucose levels (10.36+4.51 mmol/L)
compared to the control group (4.63+0.50 mmol/L; p
= 0.001), indicating poor glycemic control.
Furthermore, the hormonal analysis indicated a
significant reduction in both prolactin (12.46+7.57

ng/mL vs. 18.03+8.12 ng/mL; p = 0.005) and
progesterone levels (1.59+0.33 ng/mL vs. 1.91+0.34
ng/mL; p = 0.001) in the diabetic cohort.

Figure 3.1 below demonstrates that the majority of
female patients with type 2 diabetes mellitus had
prolactin concentrations within the normal reference
range (4.6-25 ng/mL), accounting for 84% of the
study population, while a smaller proportion (16%)
presented with low prolactin levels (<4.6 ng/mL).

Figure 3.1: Pattern of Prolactin Levels in Female Type 2 DM

Prolactin
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Figure 3.2 below demonstrates that all female
participants with type 2 diabetes mellitus had
progesterone levels within the normal reference range

(0.2-2.1 ng/mL), representing 100% of the study
population.

Figure 3.2: Pattern of Progesterone Levels in Female Type 2 DM

Progesterone

B Normal (0.2-2.1 ng/ml)

Table 3.3: Relationship between Fasting Blood Glucose, Serum Prolactin and Progesterone

Parameters FBG Prolactin Progesterone | P-value Remarks
(r) (r) (r)

FBG - -0.019 -0.163 0.877 NS
Prolactin -0.019 - -0.032 0.795 NS
Progesterone -0.163 -0.032 - 0.179 NS

NS: Non-significance; r: Pearson Correlation Coefficient

As shown in Table 3.3, a Pearson correlation analysis 4. Discussion

was conducted to evaluate the relationships between
fasting blood glucose (FBS), serum prolactin, and
progesterone levels. The results indicate that FBS
maintained a non-significant negative correlation with
both prolactin (r =-0.019, p = 0.877) and progesterone
(r = -0.163, p = 0.179). Similarly, the association
between prolactin and progesterone was weak and
non-significant (r = -0.032, p = 0.795). Collectively,
these data demonstrate that there are no statistically
significant linear dependencies among the glycemic
and hormonal parameters evaluated in this study
population.

This study demonstrated significantly lower prolactin
and progesterone levels among female T2DM patients
compared to healthy controls. Lower prolactin levels
in female T2DM patients represent a robust finding
supported by multiple population-based studies,
though the progesterone association requires further
investigation. The prolactin-diabetes association is
well-established across diverse populations. Four
independent studies, accounting for over 8,000
participants, consistently demonstrated significantly
lower prolactin in T2DM patients compared to
controls. A meta-analysis of 19,873 participants
confirmed that higher prolactin within physiological
ranges was associated with reduced prevalent T2DM
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risk (OR 0.46-0.52 in women) (Faria de Castro et al.,
2020). Prospective cohort studies in US women
(n=8,615) similarly showed inverse associations with
incident diabetes (Li et al., 2018). These findings
suggest that lower physiological prolactin levels may
be associated with increased diabetes risk.

Prolactin has been shown to promote [-cell
proliferation and insulin secretion through prolactin
receptor-mediated mechanisms. Reduced prolactin
levels may therefore contribute to impaired B-cell
adaptation and worsening glycemic control. Genetic
studies demonstrate that prolactin receptor (PRLR)-
deficient mice exhibit 26-42% reductions in f-cell
mass and blunted glucose-stimulated insulin secretion
(Freemark et al., 2002), with a 30% reduction in B-cell
mass evident in newborns (Auffret et al., 2013).
Mechanistically, PRLR signaling promotes p-cell
proliferation through mTOR pathway activation while
protecting against apoptosis (Ramos-Martinez et al.,
2022). Clinically, a large cross-sectional study of
2,377 participants found that high circulating prolactin
is associated with significantly lower diabetes
prevalence (adjusted odds ratio 0.38-0.47 across
sexes), whereas low prolactin levels represent an
independent risk factor for metabolic disease (Wang et
al., 2013; Macotela et al., 2020). These findings
establish reduced prolactin as a contributor to impaired
B-cell adaptation and glycemic dysregulation.
Similarly, decreased progesterone levels observed in
this study contrast with some reports linking elevated
progesterone to insulin resistance. These discrepancies
may  reflect  population-specific  differences,
menopausal status variation, or methodological
heterogeneity. There is a limited number of studies
relating progesterone to T2DM. However, data on
gestational diabetes show lower progesterone
associated with increased GDM risk (Li et al., 2020),
with the findings not directly transferable to T2DM.
The mechanistic basis for progesterone’s role in
T2DM pathogenesis remains unexplored in available
literature, underscoring the need for more dedicated
investigation for confirmation.

In addition, no significant correlation was observed
between prolactin/progesterone levels and FBG. This
finding aligns with Macotela et al's (2020)
framework, which reported that prolactin regulates
metabolic homeostasis through multiple tissue-
specific mechanisms (pancreas, liver, adipose tissue,
hypothalamus) rather than simple adiposity-dependent
pathways. Also, this is in concordance with
Jayashankar et al. (2022) and Li et al. (2018), who
found inverse associations between prolactin and
glucose parameters, supporting metabolic complexity.
Conversely, it is in contrast with Sattar et al. (2016),
who reported a significant positive correlation

between fasting serum glucose and prolactin, and Liu
et al. (2021), who demonstrated that FBG was
significantly associated with prolactin in multivariate
analysis. Suggesting that hormonal alterations may
operate through insulin sensitivity, lipid metabolism,
or inflammatory pathways independent of body
composition measures.

5. Conclusion

This study showed that female patients with T2DM
demonstrated significantly lower serum prolactin and
progesterone levels compared to non-diabetic
controls. These findings suggest that reproductive
hormone dysregulation may be associated with T2DM
in women. Routine endocrine evaluation may be
beneficial in comprehensive diabetes management.

6. Limitations of this Study

The cross-sectional design limits causal inference.
Additionally, the relatively small control group may
affect statistical power. Longitudinal studies are
recommended to clarify temporal relationships and
mechanistic pathways.

7. Acknowledgements
7.1 Conflict of Interest
The authors declare no conflict of interest.

7.2 Funding
None

References

Auffret, J., Freemark, M., Carré, N., Mathieu, Y.,
Tourrel-Cuzin, C., Lombes, M., Movassat, J.,
& Binart, N. (2013). Defective prolactin
signaling  impairs  pancreatic  B-cell
development during the perinatal period.
American Journal of Physiology.
Endocrinology and metabolism, 305(10),
E1309-E1318.
https://doi.org/10.1152/ajpendo.00636.2012

Branisteanu, D. D., & Mathieu, C. (2003).
Progesterone in gestational diabetes mellitus:
guilty or not guilty?. Trends in
Endocrinology & Metabolism, 14(2), 54-56.
https://doi.org/10.1016/s1043-
2760(03)00003-1

Chilunga, F. P., Mtintsilana, A., Aovare, P., Msengi,
G., Mkoma, G. F., & Nakanga, W. (2023).
Tackling the diabetes surge in sub-Saharan
Africa through novel youth-centric strategies.
The Lancet. Diabetes & endocrinology,
11(12), 886-889.
https://doi.org/10.1016/S2213-
8587(23)00315-7

Al-Hikmah Journal of Health Sciences (AJOHS) Vol. 5 No. 2, Jun. 2026 48

* P-ISSN: 2811-1516



https://doi.org/10.1016/s1043-
https://doi.org/10.1016/s1043-
https://doi.org/10.1016/S2213-
https://doi.org/10.1016/S2213-

A.O. Busari et al. (2026). Al-Hikmah Journal of Health Sciences, 5(2), 43-50.

De Sa, P. M., Qadir, M. M. F., & Mauvais-Jarvis, F.
R. A. N. C. K. (2021). 226-LB: Elimination
of the progesterone receptor in B cells
improves B-cell function and glucose
tolerance during pregnancy and diet-induced
insulin resistance in female mice. Diabetes,
70(Supplement_1), 226-LB.

Faria de Castro, L., Alves dos Santos, A., Augusto
Casulari, L., Ansaneli Naves, L., & Amorim
Amato, A. (2020). Association between
variations of physiological prolactin serum
levels and the risk of type 2 diabetes: A
systematic review and meta-analysis.
Diabetes Research and Clinical Practice,

166, 108247.
https://doi.org/10.1016/j.diabres.2020.10824
7

Freemark, M., Avril, 1., Fleenor, D., Driscoll, P., Petro,
A., Opara, E., Kendall, W., Oden, J., Bridges,
S., Binart, N., Breant, B., & Kelly, P. A.
(2002). Targeted deletion of the PRL
receptor: effects on islet development, insulin
production, and  glucose  tolerance.
Endocrinology, 143(4), 1378-1385.
https://doi.org/10.1210/end0.143.4.8722

Goedecke, J. H., & Mendham, A. E. (2022).
Pathophysiology of type 2 diabetes in sub-
Saharan Africans. Diabetologia, 65(12),
1967-1980. https://doi.org/10.1007/s00125-
022-05795-2

Handgraaf, S., & Philippe, J. (2019). The Role of
Sexual Hormones on the Enteroinsular Axis.
Endocrine reviews, 40(4), 1152-1162.
https://doi.org/10.1210/er.2019-00004

Jayashankar, C. A., Manohar, A., Joshi, A,
Dwarakanathan, V., Pinnelli, V. B. K,
Sarathi, V., & Gada, L. M. (2022).
Association of Serum Prolactin With Type 2
Diabetes Mellitus: A Comparative Cross-
Sectional Study From South India. Cureus,
14(4), €23721.
https://doi.org/10.7759/cureus.23721

Li, J.,, Rice, M. S., Huang, T., Hankinson, S. E.,
Clevenger, C. V., Hu, F. B., & Tworoger, S.
S. (2018). Circulating prolactin
concentrations and risk of type 2 diabetes in
US women. Diabetologia, 61(12), 2549—
2560. https://doi.org/10.1007/s00125-018-
4733-9

Li, M., Song, Y., Rawal, S., Hinkle, S. N., Zhu, Y.,
Tekola-Ayele, F., Ferrara, A., Tsai, M. Y., &
Zhang, C. (2020). Plasma Prolactin and
Progesterone Levels and the Risk of
Gestational Diabetes: A Prospective and
Longitudinal Study in a Multiracial Cohort.

Frontiers in  Endocrinology, 11, 83.
https://doi.org/10.3389/fend0.2020.00083
Liu, J., Zhang, L., Fu, J., Wang, Q., & Wang, G.
(2021). Circulating prolactin  level is
increased in metabolically healthy obesity.
Endocrine connections, 10(4), 484-491.
https://doi.org/10.1530/EC-21-0040
Macotela, Y., Triebel, J., & Clapp, C. (2020). Time for
a New Perspective on Prolactin in
Metabolism. Trends in Endocrinology &
Metabolism, 31(4), 276-286.
https://doi.org/10.1016/j.tem.2020.01.004
Mauvais-Jarvis, F. (2016). Role of Sex Steroids in -
Cell Function, Growth, and Survival. Trends
in Endocrinology and Metabolism: TEM,
27(12), 844-855.
https://doi.org/10.1016/j.tem.2016.08.008
Millum, J., Wendler, D., & Emanuel, E. J. (2013). The
50th anniversary of the Declaration of
Helsinki: progress but many remaining
challenges. JAMA, 310(20), 2143-2144.
https://doi.org/10.1001/jama.2013.281632
Motala, A. A., Mbanya, J. C., Ramaiya, K., Pirie, F. J.,
& Ekoru, K. (2022). Type 2 diabetes mellitus
in sub-Saharan Africa: challenges and
opportunities. Nature Reviews.
Endocrinology, 18(4), 219-229.
https://doi.org/10.1038/s41574-021-00613-y
Nunes, V. A., Portioli-Sanches, E. P., Rosim, M. P.,
Araujo, M. S., Praxedes-Garcia, P., Valle, M.
M., Roma, L. P., Hahn, C., Gurgul-Convey,
E., Lenzen, S., & Azevedo-Martins, A. K.
(2014). Progesterone induces apoptosis of
insulin-secreting cells: insights into the
molecular mechanism. The Journal of
Endocrinology, 221(2), 273-284.
https://doi.org/10.1530/JOE-13-0202
Park, S., Kim, D. S., Daily, J. W., & Kim, S. H. (2011).
Serum prolactin concentrations determine
whether they improve or impair P-cell
function and insulin sensitivity in diabetic
rats. Diabetes/metabolism research and
reviews, 27(6), 564-574.
https://doi.org/10.1002/dmrr.1215
Ramos-Martinez, E., Ramos-Martinez, I., Valencia, J.,
Ramos-Martinez, J. C., Hernandez-Zimbron,
L., Rico-Luna, A., Pérez-Campos, E., Pérez-
Campos Mayoral, L., & Cerbdn, M. (2022).
Modulatory role of prolactin in type 1
diabetes. Hormone molecular biology and
clinical investigation, 44(1), 79-88.
https://doi.org/10.1515/hmbci-2022-0008
Saeedi, P., Petersohn, I., Salpea, P., Malanda, B.,
Karuranga, S., Unwin, N., Colagiuri, S.,
Guariguata, L., Motala, A. A., Ogurtsova, K.,

Al-Hikmah Journal of Health Sciences (AJOHS) Vol. 5 No. 2, Jun. 2026 49

* P-ISSN: 2811-1516



https://doi.org/10.1016/j.diabres.2020.10824
https://doi.org/10.1016/j.diabres.2020.10824
https://doi.org/10.1007/s00125-
https://doi.org/10.1007/s00125-
https://doi.org/10.1210/er.2019-00004
https://doi.org/10.1007/s00125-018-
https://doi.org/10.1007/s00125-018-

A.O. Busari et al. (2026). Al-Hikmah Journal of Health Sciences, 5(2), 43-50.

Shaw, J. E., Bright, D., Williams, R., & IDF
Diabetes Atlas Committee (2019). Global
and regional diabetes prevalence estimates
for 2019 and projections for 2030 and 2045:
Results from the International Diabetes
Federation Diabetes Atlas, 9th edition.
Diabetes research and clinical practice, 157,
107843.
https://doi.org/10.1016/j.diabres.2019.10784
3

Sattar, S. A. A., Abdulla, A. H., & Nsaif, A. S. (2016).

Gestational diabetes mellitus and hormonal
alteration. Iraqi Journal of Pharmaceutical
Sciences, 25(1), 37-41.
https://doi.org/10.31351/vol25iss1pp37-41

Sun, H., Saeedi, P., Karuranga, S., Pinkepank, M.,

Ogurtsova, K., Duncan, B. B., Stein, C.,
Basit, A., Chan, J. C. N., Mbanya, J. C.,
Pavkov, M. E., Ramachandaran, A., Wild, S.
H., James, S., Herman, W. H., Zhang, P.,
Bommer, C., Kuo, S., Boyko, E. J., &
Magliano, D. J. (2022). IDF Diabetes Atlas:
Global, regional and country-level diabetes
prevalence estimates for 2021 and
projections for 2045. Diabetes research and
clinical practice, 183, 1091109.
https://doi.org/10.1016/j.diabres.2021.10911
9

Sutter-Dub, M. T., & Dazey, B. (1981). Progesterone

antagonizes insulin effect: in vivo and in vitro
studies. Hormone and Metabolic Research =
Hormon- und Stoffwechselforschung =
Hormones et métabolisme, 13(4), 241-242.
https://doi.org/10.1055/s-2007-1019234

Sutter-Dub, M. T. (1986). Carbohydrate metabolism
of female rat adipocytes: effects and
mechanisms of action of progesterone.
Diabetes & Metabolism, 12(6), 329-336.

Wang, T., Lu, J., Xu, Y., Li, M., Sun, J., Zhang, J., Xu,
B., Xu, M., Chen, Y., Bi, Y., Wang, W., &
Ning, G. (2013). Circulating prolactin
associates with diabetes and impaired
glucose regulation: a population-based study.
Diabetes  care,  36(7), 1974-1980.
https://doi.org/10.2337/dc12-1893

Wu, T., Duan, Y., Jiang, J., Gu, T., Zhang, P., & Bi,
Y. (2024). A Century of Prolactin: Emerging
Perspectives as a Metabolic Regulator.
Diabetes/metabolism research and reviews,
40(6), €3836.
https://doi.org/10.1002/dmrr.3836

Zaidalkilani, A. T., Al-Kuraishy, H. M., Al-Gareeb, A.
I., Alexiou, A., Papadakis, M., Al-Farga, A.,
Alghamdi, O. A., Bahaa, M. M., Alrouji, M.,
Alshammari, M. S., & Batiha, G. E. (2024).
The beneficial and detrimental effects of
prolactin hormone on metabolic syndrome: A
double-edged sword. Journal of cellular and
molecular  medicine, 28(23), e70067.
https://doi.org/10.1111/jcmm.70067

Zhang, Z., Piro, A. L., Allalou, A., Alexeeff, S. E.,
Dai, F. F., Gunderson, E. P., & Wheeler, M.
B. (2022). Prolactin and Maternal
Metabolism in Women With a Recent GDM
Pregnancy and Links to Future T2D: The
SWIFT Study. The Journal of Clinical
Endocrinology and Metabolism, 107(9),
2652-2665.
https://doi.org/10.1210/clinem/dgac346

Al-Hikmah Journal of Health Sciences (AJOHS) Vol. 5 No. 2, Jun. 2026 50


https://doi.org/10.1016/j.diabres.2019.10784
https://doi.org/10.1016/j.diabres.2019.10784
https://doi.org/10.1016/j.diabres.2021.10911%099
https://doi.org/10.1016/j.diabres.2021.10911%099

